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Abstract: 
This study investigates influences on change in the Scamander River in northeast Tasmania. 

It focuses on the interaction between boundary conditions set by geology and significant 

post European settlement human disturbance, in determining contemporary channel 

condition. It takes its lead from the Aboriginal principle of ‘listening to country’ to learn the 

stories hidden within the landscape from long ago. Aboriginal knowledge is based on 40,000 

years of intimate connection with the landscape, passed on by oral traditions. This study 

does not have access to this knowledge and is not attempting to replace it. Rather, it seeks 

to derive understanding of the Scamander River and its country from a range of modern 

information sources. It respectfully takes its lead from the stories in the landscape, rather 

than devising hypotheses to test. Scientists describe this as an idiographic approach, which 

describes the landscape and infers meaning from observations.  

Historical research, spatial analysis in GIS, field assessment based on the Reading the 

Landscape approach, and community knowledge are combined in a multiple-evidence-

based approach to create an enriched picture of factors influencing change in this river 

catchment. My original contribution to research is the use of Innovative methods, based on 

readily available information sources, to derive understanding of change at different scales 

of time and space from the stories in the landscape. 

The Scamander is a medium sized coastal catchment in northeast Tasmania, with rugged 

terrain, and a semi-arid climate, prone to extreme rainfall events. Previous studies focus on 

investigation of geology relating to mineral resources. The Scamander River has been 

omitted from hydrological studies, despite being a middle-sized river in the region. It has not 

previously been studied from a geomorphological perspective. It has a single flow meter 

which began operating on 10/04/1968, with a gap from 22/03/1974 to 13/03/1975 and 

from 25/09/1996 to 05/12/2001, with several additional brief interruptions. This makes a 

total of 46 years and 11 months of record over a period of 53 years and 7 months. 

To investigate catchment history (Ch 2), newspaper reports available online from the Trove 

National Library Archive have been used to create a coherent timeline for the post European 

settlement period (1860 to 1935). This reveals that a series of six bridges were constructed 

at a vulnerable site near the Scamander’s estuarine opening over a period of sixty-five years, 

and their destruction by natural forces influenced the morphology and behaviour of the 

River. A stable barrier typical of Australia’s wave dominated south-eastern coastal rivers, 

existed at the river opening in 1844. Such barriers restrict tidal movements and create a low 

energy environment in estuarine channels. Over the period investigated, the opening was 

converted to an unstable sand delta, and highly energetic channels were scoured out in 

estuarine reaches. This change resulted from accumulation of large wood behind bridges 

during floods, until they collapsed, releasing large volumes of water confined in the 

estuarine basin, which scoured out the opening. Changes to sediment budgets and the 

opening regime followed. This part of the study shows that lost catchment history can be 

recovered from newspaper reports available online to provide insights into human impact 

on rivers.  
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Eyewitness reports of floods and changes to river morphology that followed them allowed 

processes contributing to change on the Scamander to be identified. Their role has been 

elucidated based on contemporary scientific literature. Processes involved include: the role 

of supercritical flow in destabilising bridge piers; the destabilisation of sediment budgets 

due to changes in tidal flows through the opening; and the recruitment of increasing 

volumes of wood into flood flows over time.  

Site specific influences are recognised as significant in forming the character of many rivers. 

In this catchment, they include growth form and wood density characteristics of Eucalyptus 

sieberi, which is endemic to south-eastern Australia, and prominent on dry hillslopes of this 

catchment. Its wood density ranges from greater than seawater when green, to less than 

freshwater when dry. This allows the wood to be transported at all levels of the water 

column, complicating its interaction with bridges. Along with its long stem and small crown, 

this characteristic increases the likelihood of log jams forming. Investigation of the literature 

also showed that limitations remain in contemporary understanding of important processes, 

including the behaviour of wood of extreme size, when transported in large volumes by 

floods. Much of the wood involved in the Scamander floods was an order of magnitude 

larger than the contemporary definition of large wood.  

This unconventional approach to understanding historical human impacts on the Scamander 

River provides a perspective from which contemporary condition of this river can be 

considered. It also shows that bridges constructed at vulnerable sites can interact directly 

with channels and flood flows to influence river condition in the long term, a different 

mechanism from the more well recognised impact of land use change. 

The influence of boundary conditions on the Scamander’s susceptibility to disturbance was 

investigated (Ch 3) through spatial analysis in geographic information systems (GIS) 

supported by field observations. The River has two main sub-catchments, the Scamander 

headwaters and its main tributary the Avenue River, which are similar in size but differ in 

lithology distribution and channel form. To understand the influence of lithology on their 

channel character, these two sub-catchments were compared using spatial analysis 

techniques, applied to a 2m resolution digital elevation model using ArcGIS software. 

Several methods were applied.  

Stream networks were developed and classified to Strahler orders. A buffer system based 

on Strahler orders was used to extract slope data from near stream zones. Slope distribution 

within these zones was graphically compared for the two sub-catchments, after being 

sorted to lithology types and Strahler orders within each. Stream cross sections were also 

extracted from first order streams of each sub-catchment’s headwaters and compared for 

channel form. The area of granite and Mathinna Group sedimentary rock lithologies was 

measured within each sub-catchment and along their main channel trunks. 

The results showed differences in lithology distribution. Granite makes up 45% of the area 

and 39% of the main channel length of the Scamander’s headwaters, but less than 5% of the 

Avenue’s catchment area and only 1% of its channel length. Mathinna Group sedimentary 

rocks form 60% of the Avenue’s catchment area, with 35% younger sedimentary rocks, and 
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99% of its channel length. Mathinna Group rocks make up 54% of the Scamander’s 

catchment area and 61% of its channel length.  

Weathering processes in these two lithologies differ greatly. Perpendicular planes of 

weakness in Mathinna Group rocks cause them to dislodge rectangular blocks to form 

regular, steep sided troughlike channels. Blocks break down to cobbles and gravel which 

travel as saltating bedload during energetic flows and settle as sheets on the channel bed. 

Abrasion by saltating bedload is the chief mechanism for channel bed incision in rivers. Its 

effects are evident in the steep, low roughness channels, which promote high energy flows, 

that field observations show dominate the Avenue. Channels of the Avenue are further 

characterised by a series of stable, ingrained meanders formed by interaction of flow with 

vertical layers of metamorphosed rock which may be unique to Mathinna Group lithology. 

Granite breaks down to boulders, then to coarse quartz sand. Granite bedrock armours 

channel beds against incision, boulders increase channel roughness, and sand deposits 

hydraulically within channels to provide anchorage for vegetation. Field observations show 

these influences in the shallow, rough, well vegetated channels prevalent in the Scamander, 

conditions which promote low energy flows. 

Channel cross sections show that headwaters of the Avenue are steeply incised, but those of 

the Scamander are shallow and irregular. Graphs of slope distribution confirm differences in 

channel form between the two catchments, which are most evident in first order streams. 

On Mathinna Group lithology in the Avenue most slopes are between 30 to 50 degrees, with 

those on granite in the Scamander less than 10 degrees. These differences in channel form 

suggest that channel bed incision into tributaries has been a long-term influence on the 

development of the Avenue catchment, while the Scamander’s headwater catchment has 

been protected by its lithology from upstream transmission of incision. At least 5 glacial 

cycles have occurred in Tasmania over the past 2.4MY. Rising and falling sea levels that 

accompany each cycle alternately raise and lower base level in river systems. Repeated 

cycles of changes to base level, and the contrasting response of granite and Mathinna Group 

lithology is a likely mechanism to explain the contrasting channel character that has 

developed in the Scamander and Avenue Rivers. Channel incision triggered by human 

disturbance, such as occurred post European settlement on the Scamander, is likely to affect 

the two sub-catchments differently. 

Contemporary channel character has been assessed using the Reading the Landscape 

approach (Ch 4), including assessment of position on trajectory of change for reaches where 

sufficient evidence is available. This approach considers site-specific peculiarities related to 

catchment history as well as general principles common to many rivers. Community 

knowledge (Ch 5) from an online survey completed by 33 participants and historical 

interviews of long-term residents has contributed further insights. 

The assessment shows that landscape memory has a strong influence on channel form and 

response to disturbance in the lower reaches of the Scamander’s main trunk. This is typical 

for partially confined rivers in south-eastern Australia. Examples include confined meanders 

formed from Mathinna Group rocks which restrain floodplain formation to stable pockets, 

and limit planform change. Response to disturbance is expressed mainly through vertical 
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incision and aggradation. This is particularly evident in Prices Reach where community input 

from water skiers indicates the reach has been deeply incised in the past and has been 

aggrading over several decades.  Significant features of the lower channels are not 

consistent with the sea level high stand existing for 5,000 years in the region. These include 

the unstable tidal delta at the opening, high energy incised channels through the basin to 

the outlet. These changes are consistent with channel incision in response to base level fall 

triggered by historical bridge collapses.  

Reaches differ in position on trajectory of degradation and recovery. Prices Reach is now 

widening by block failure, depositing sediments at base of banks, and revegetating. This 

reach appears to be approaching a new equilibrium condition that could be promoted by 

sensitive management. Significant channel bed aggradation over decades is also reported in 

some other reaches. In channel banks and vegetation are further signs of recovery 

processes. Ongoing incision into tributaries continues in the Avenue, and ongoing 

disturbance is evident at Ryans Bridge and the water supply. This is typical of rivers 

undergoing a lagged response to incision, which can continue for hundreds of years 

following disturbance to base level.  

The findings suggest that morphological change at the Scamander River opening effectively 

lowered base level at the River’s downstream limit and initiated the upstream transmission 

of channel bed incision into the catchment. The long-term influence of differing distribution 

of granite and Mathinna Group lithology made the two main sub-catchments, the 

Scamander headwaters and the Avenue differentially susceptible to incision transmitted 

from downstream. The influence of landscape memory on lower channels, and changes at 

the river opening further complicate the ongoing, lagged response. Other disturbances such 

as forest clearing, bushfire, and the more recent collapse of bridges at other sites in the 

catchment are further contributing factors, whose influence is beyond the scope of this 

study. 

Community input shows that the Scamander River is highly valued as a resource. Concern 

over the ongoing instability of the river opening and its impact on natural values and 

infrastructure is considerable. Views differ about whether this is a natural phenomenon, or 

a problem that needs to be addressed, and what type of actions should be taken.  

The results of this study suggest historical disturbance has had a strong influence on the 

river opening, and the overall condition of the Scamander River. The complexity of forces 

acting at the opening, and the time frame over which river response to incision can play out, 

suggest that any effort to intervene would require thorough investigation based on 

appropriate expertise.   
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Chapter 1: Introduction

1.1 Overview 

An idiographic approach is used in this study to explore the interrelationship between 

long term geographic influences, catchment history and contemporary channel 

character in the Scamander River, northeast Tasmania. The investigation is guided 

by the question of whether morphological change to the river opening, resulting from 

a series of bridge collapses that occurred between 1875 and 1929, has significantly 

influenced contemporary channel condition and flood behaviour in this River, and 

how the Scamander’s response may be related to long term development of the 

catchment.  

The study takes its lead from the principle of ‘listening to country’ to learn the stories 

hidden in the landscape from long ago followed by Australia’s first nations people. 

Their knowledge of country is based on 40,000 years and more of intimate 

connection with the landscape, passed on by oral traditions. This study does not 

have access to such knowledge but does aim to respectfully take its lead and learn 

from the stories in the landscape, rather than devising hypotheses to test. 

Understanding of the Scamander River and its country will be derived by applying 

innovative approaches to a range of modern information sources that are readily 

available. These include historical information, field observation, spatial analysis in 

geographic information systems (GIS), and community knowledge. An inductive 

approach based on contemporary scientific literature will be used to analyse the river 

processes involved in river development and change. 

The Scamander is rugged, coastal catchment with an area of 395 km2 with a semi-

arid climate, prone to extreme rainfall events. It has been omitted from regional 

studies of streamflow characteristics, despite being in the middle of the range of 

catchment areas for these rivers (Knighton, 1987a, Knighton, 1987b). This suggests 

the Scamander may be an outlier in terms of flow behaviour. Flow data from 49 

years of measurement at Site DPIPWE site 2206 Scamander River U/S Water 

Supply (Figure 1.1), beginning in 1968, with several interruptions, is available. This 

has been presented graphically in Appendix 1. Flood hydrographs are steep, and 
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their form changes over the period of measurement, which may be a sign of changes 

to channel form, but such analysis is beyond the scope of this study. Its unusual 

catchment history and reputation as a ‘treacherous’ river (Fearman, 2017) provide 

further evidence that the Scamander’s character is unusual.  

In their analysis of canyon and channel systems on the sea floor, Covault et al. 

(2011) found that investigation of exceptional systems leads to refinement of theory. 

Longitudinal profile groups generally corresponded with continental margin types, 

while profiles whose form differed from the expected revealed influence of 

catastrophic floods which either eroded or deposited sediments below sea level. 

Kirkpatrick (1997) asserts that descriptive and inductive studies can make important 

contributions to theory development in applied ecological studies. The inductive 

approach is also suited to initial broad scale studies, which can be followed later by 

more deductive research methods to increase depth and understanding of causality 

(Kole and Ellison, 2018). 

A wide range of spatial and temporal factors influence catchment evolution, making 

rivers highly variable in character, and producing very unusual rivers that have been 

called ‘singular’ (Schumm, 1991) or even ‘naughty’ (Phillips, 2007). Brierley et al. 

(2013) state that ‘geography and history conspire to create unique places’. They 

argue that such rivers can be best understood when site-specific peculiarities are 

integrated with general principles, so that theory informs local interpretation. The 

local ‘noise’ that makes rivers unusual, and might result in removal as an outlier 

when a hypothesis is tested, may represent the very diversity that makes a river 

worthy of protection. 

An exploration of the Scamander’s catchment history in the period of early European 

settlement revealed an unusual sequence of impacts on the river and prompted this 

research. Digitised newspaper reports, accessible in the Trove National Library 

Archive, describe interactions between a series of bridges at a vulnerable site, just 

inland of the River opening (Figure 1.1), and powerful floods. Between 1865 and 

1935, a series of seven bridges were constructed over the Scamander to provide 

safe passage along the coast to northeast Tasmania’s mine fields (Fearman, 2017). 

Six of these bridges were destroyed by natural forces, which included the transport 

of increasing quantities of very large wood by floods. As the challenges of the site 
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became evident, effort and expenditure in designing replacement bridges increased. 

Impacts on morphology of the river opening and changing flood behaviour were also 

described in these reports.  

At the time of European arrival, the opening of the Scamander River was typical of 

estuaries on the east coast of Australia, where powerful waves and a low tidal range 

cause a sand barrier to build across the entrance. Such barriers reduce the impact of 

marine forces at the opening. Bridges located near estuarine openings have 

particularly complex problems with scour; their interaction with changing marine and 

riverine forces can cause loss of sediment in one or both flow directions, and result 

in degradation in the river system (Arneson et al., 2012). Degradation is systematic 

lowering of the channel bed, that is transmitted upstream when available transporting 

power exceeds sediment supply (Simon and Rinaldi, 2006). Barriers at the lower end 

of rivers set base level, which limits incision; removal of the barrier by disturbance is 

followed by incision that moves upstream (Holbrook et al., 2006). This process also 

occurs when sea level falls and is a key process in landscape development (Ibid). In 

this study, the repeated construction of bridges at the Scamander’s opening (Figure 

1.1) and their destruction by floods which scoured out the opening barrier, are 

considered as potential triggers for ongoing incision into Scamander River channels.  

The variable and changing nature of rivers makes investigation of the influence of 

any particular factor on change highly complex. Different types of rivers in different 

settings show characteristic patterns and differing rates of natural morphological 

variability and sensitivity to degrading impacts of many kinds (Fryirs and Brierley 

2013 p222). Change that is a natural part of a river’s character is often difficult to 

differentiate from change that results from degrading impacts, such impacts may 

trigger a change to a different type of river, and such a change may or may not be 

reversible (Fryirs, 2017). Determining whether a change of state has occurred, 

whether human or natural events triggered it, and whether the system can recover, 

are very significant contributions geomorphologists make to river management 

(Naylor et al., 2017). If management is to work with the natural repair processes of 

river systems, it must be informed by site specific understanding of the stage and 

direction of deterioration and recovery (Fryirs and Brierley, 2000).  
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Figure 1.1: Extract of aerial view of Scamander River catchment: Location of the river mouth 
with barrier and bridge site, junction and relative position of the Avenue River and the headwaters of 
the Scamander, and flow gage site 2206 are indicated.  

Given such complexity, the wider picture of natural variability over space and time 

needs to be considered in any study of river change. This study will apply a multiple-

evidence-based approach (MEB) to investigate the relationship between historical 

influences, long term development and contemporary channel condition on the 

Scamander River. Designed to address complex ecological questions in a time of 

intense and accelerating environmental change, MEB uses different forms of 

knowledge to develop an ‘enriched picture’ of the factors influencing variability and 

change (Tengö et al., 2014).  

MEB projects are normally large scale and involve considerable resources. This 

study uses readily accessible, low-cost resources to investigate where change 

triggered by human activities fits into the context of natural variability and long-term 

development of the Scamander. Historical and geographic methods, including 

historical records from the Trove National Library Archive, field observation, spatial 

analysis techniques and community knowledge, provide the pieces of the puzzle 

from which an enriched picture emerges. The ongoing development of online 

methods of information storage and retrieval, representation and analysis of 

landscapes in GIS, and the wealth of contemporary scientific research on river 

processes enable qualitative and quantitative description of the catchment, and 
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analysis of processes influencing it, to be carried in detail and depth despite limited 

resources. 

Knowledge systems differ in their suitability to address different scales of time and 

space (Tengö et al., 2017), and different methods will be focussed on appropriate 

spatial and temporal scales in this study, including geology and climate acting over 

thousands to millions of years, and human activity intensely concentrated in a brief 

period. 

Chapter 2 investigates the geomorphological impact of historical bridge destruction 

by floods on the Scamander River and its outlet to the sea. It develops a timeline of 

events from historical accounts, which provides the structure for the chapter. 

Scientific literature is used to interpret the geomorphological consequences and 

establish connections with contemporary understanding of the processes involved. 

The dynamics of in-stream large wood in floods, and its interaction with bridges 

(currently topics of very active research (Ruiz-Villanueva et al., 2016, Comiti et al., 

2016, Seo et al., 2010, Iroumé et al., 2018)) are among the processes considered. 

Available historical information focusses on the river opening, so that events 

occurring there are well documented. Events that occurred upstream are less well 

documented, so that inferences will need to be drawn about the implications for the 

river system as a whole.  

The importance of catchment history in assessing river condition is increasingly 

being established. An example from the Atlantic Piedmont of the USA illustrates the 

importance of recognising and accurately interpreting anthropogenic influences on 

river systems. Key principles of the science of hydrology were developed in early 

studies of the single, incised channels prevalent in this region (Wolman and Leopold, 

1957, Leopold and Wolman, 1960). Researchers assumed condition of the channels 

at the time represented their natural state. Decades later, Walter and Merritts (2008) 

applied modern techniques to incorporate historical human impacts into their study of 

the same rivers. Analysis of historical and geographic data on tens of thousands of 

mill dams built in the area from the late 1600’s, and surface profiles derived from a 

high accuracy DEM, along with extensive dating of sediment deposits showed that 

by 1850, these channels had been highly modified by human activity. Up to several 

metres of sediments, mobilised by forest clearing and agricultural practices, had 
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filled mill ponds and buried wetlands to produce flat bottomed valleys. Previously, 

streams of the region were anabranching and chain of ponds streams with low-

capacity channels that trapped carbon efficiently and accumulated sediments very 

slowly.  

The detrimental impact of large numbers of millponds being crowded onto streams 

was recognised at the time; this led to regulation of mill construction and 

compensation of upstream landowners (Merritts et al., 2011).  The incised, single 

channel streams now prevalent in the region were formed when dams were 

removed, or eventually failed. Despite the significance of the dams at the time, and 

the fact that these developments were well recorded, historical memory of these 

events had been lost. Early hydrology researchers working in the region (Wolman 

and Leopold, 1957, Leopold and Wolman, 1960) assumed that these were natural 

streams, and that theories based on observations of them would be broadly 

applicable to natural channels.  

Like the rivers of the Atlantic Piedmont, the Scamander River has a history of in-

stream human impacts related to construction during early European settlement. 

Unlike the rivers of the Atlantic Piedmont, the Scamander has not been studied by 

early river researchers. A medium sized river with a planimetric area of some 395 

km2, its omission from regional studies of rivers in Tasmania’s northeast (Knighton, 

1987a, Knighton, 1987b, Hughes, 1987, Mickey, 2006), suggests it may have been 

recognised as an outlier in terms of flow behaviour. By contrast, the geology of the 

Scamander catchment received early attention in the search for mineral resources 

(Thureau, 1886, Montgomery, 1893, Twelvetrees, 1911, Walker, 1957, Jennings, 

1968), and more recent studies provide insights into its complexity (Worthing and 

Woolward, 2010, McClenaghan et al., 1992, Calver et al., 2011). Geological controls 

have a strong influence on river character because they set imposed boundary 

conditions within which climatic controls influence geomorphic processes (Brierley, 

2010).  

The long-term influence of boundary conditions set by geology in the Scamander 

catchment is explored in Chapter 3. The influence of different lithologies on channel 

character and on susceptibility to incision is evaluated, based on a comparative 

description of the two main sub-catchments. Field observations supported by 
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desktop analysis are used to compare the Scamander’s headwaters, predominantly 

granite, and its main tributary the Avenue River, mainly Mathinna Group sedimentary 

rocks, above their junction at Riversmeet (Figure 1.1).  

Distribution of lithology within each sub catchment and along main channels is 

quantified using ArcGIS software and a 2m resolution digital elevation model (DEM). 

Rugged topography and numerous inaccessible lower order tributaries limit the 

extent of fieldwork, and GIS analysis adds a quantitative element to comparisons.  

GIS is also used to extract parts of the catchment for comparison of channel 

characteristics. Slope distribution in near stream zones of all first and second order 

streams is extracted using a buffer system and used as an indicator of the extent of 

stream incision under the influence of different lithologies. Stream cross sectional 

profiles are extracted, stream networks are developed from flow accumulation, and 

classified to Strahler stream orders, to further compare the characteristics of streams 

in the two contrasting sub-catchments. The relationship between channel character 

and lithology, and its significance for long term flow behaviour and sensitivity to 

incision following base level changes are discussed. 

The contemporary geomorphological character of the Scamander River is described 

in Chapter 4, based on the ‘River Styles Framework’ (Brierley and Fryirs, 2005, 

Fryirs and Brierley, 2013), a geomorphology-based system for classifying rivers 

developed for Australia. A modification of this approach termed ‘Reading the 

Landscape’ (Brierley et al., 2013) is applied. It emphasises the importance of 

working with the inherent diversity and dynamics of a river system, recognising 

where local influences are significant, and where general principles apply. This is 

considered appropriate given the unusual historical influences acting in this 

catchment. Based on this approach, desktop and field assessment are used to 

define reach boundaries and identify river styles focussing on the Scamander from 

its junction with the Avenue to its outlet. Maps developed in ArcGIS are used to 

present this information. 

Progression along a trajectory of degradation and recovery is assessed for Prices 

Reach in the lower catchment based on Fryirs and Brierley (2000)’s geomorphic 

approach. This provides evidence that could be used to support efforts to work with 
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nature to enhance recovery potential for this much-frequented part of the 

Scamander.  

Rivers preserve ‘landscape memory’ in the form of geomorphic structures created 

under past climatic conditions (Brierley, 2010). As well as providing evidence of past 

conditions, remnant structures provide another form of control on the way 

landscapes work. Such secondary confining features have a strong influence on 

partly confined rivers in south-eastern Australia (Fryirs and Brierley, 2010), including 

the Scamander. The influence of preserved structures on channel form in the 

Scamander and Avenue is explored as part of the process of identifying river styles.   

To extend observations of changing river character, local knowledge of the 

Scamander’s recent history and the contemporary community’s interaction with the 

river are explored in Chapter 5. Results from survey of community members and of 

historical interviews with long term residents are analysed. Results include insights 

into changes since the period covered in Chapter 2, as well as contemporary 

concerns. Participants’ observations of parts of the River, as identified from a map in 

the survey, provide local detail about areas for which little historical information is 

available, including areas with which few people are familiar.  

The findings of these diverse approaches are drawn together in Chapter 6 to provide 

an enriched picture of the interrelationship between long term influences, human 

impacts, and the contemporary character of the Scamander River. The aim is to 

provide understanding of how the interaction between human impacts and 

characteristics of the catchment are reflected in the Scamander’s contemporary 

behaviour. This may lead to a better informed and more engaged community and 

provide input into future management. 
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Chapter 2: Impact of early European settlement events on 
geomorphology of the Scamander River. 
 

2.1 Introduction: 
 

The aim of this chapter is to collate a historical timeline, from a range of sources, 

describing the interaction of the Scamander River with bridges built at the estuarine 

opening between 1865 and 1935 and to elucidate these events based on 

understanding of relevant river processes derived from contemporary scientific 

literature. 

Objectives: 

1. Describe characteristics of the Scamander prior to European settlement  

2. Outline historical evidence of the interaction between bridges and floods at 

the estuarine opening during the early period of European settlement and 

their impact on river morphology. 

3. Interpret the changing nature of flood behaviour and river response occurring 

during this period based on contemporary scientific literature.  

4. Discuss some of the limitations of contemporary understanding. 

A historical account, based on colonial newspaper reports available from the Trove 

National Library Archive, focussing on the construction and destruction of a series of 

six bridges near the estuarine opening has been previously published (Fearman, 

2017). Among the newspaper accounts are descriptions of the interaction of bridges 

with floodwater and flood borne wood, and of the impact of these events on 

morphology of the river mouth and the barrier (referred to in reports as the ‘barway’). 

Aspects of these descriptions provide insights into the processes occurring, which 

were poorly understood at the time. Over the decades since, research has revealed 

complex interactions between river processes some of which can be recognised in 

the events on the Scamander, and the functional response of river systems. 

The historical sequence of events will be revisited in this chapter and viewed through 

the lens of contemporary scientific understanding of river processes. The story of the 

Scamander’s response to human activities following European settlement, collated 
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from historical sources, will provide the logical order. Contemporary scientific 

literature will be the source of insights into the processes involved. To assist the 

reader in differentiating between historical information and literature-based 

interpretation, paragraphs containing historical information are indented and 

presented in Calibri font, while interpretation is presented in Arial body at full page 

width. In this way, the impact of human activities that accompanied the change from 

Aboriginal to European management, will be investigated to enhance understanding 

of the impact of these changes on the Scamander. 

Rivers are extremely complex systems. They vary spatially due to differences in 

lithology, vegetation, and human impacts within catchments. They are variable over 

any brief time frame due to the variability of rainfall and lags in flood response. Their 

variability itself changes with time due to changing conditions of climate and to the 

geomorphic response of rivers themselves to changing conditions.  

Thanks to rapid development of technologies and information systems, many 

aspects of river function are currently making great strides. These include studies of 

the movement of what scientists now call large woody debris (LWD) during floods 

(Seo et al., 2010; Ruiz-Villanueva, 2014 a and b; Comiti et al., 2016) and its 

interaction with bridges (Gschnitzer et al., 2017; De Cicco et al., 2018) – a key factor 

in the story of the Scamander. Allowing the historical events to guide the selection of 

scientific literature reviewed in this Chapter will hopefully provide a context from 

which to better understand the interplay between processes that are often studied in 

isolation. In doing so, we will get a clearer picture of the complex events that can be 

triggered when humans mess with rivers! 

 

2.2 The ‘pre-Anthropocene’ Scamander River and Estuary 
 

What kind of river system was the Scamander before early European settlers began 

to build structures to cross it with livestock and wagons? Research suggests that 

during the time of Aboriginal management of Australia, many rivers had 

characteristics different to those of today. Eastern Australian rivers stored large 

amounts of sediments and wood within channels and on floodplains (Brooks et al., 

2003, Pietsch and Nanson, 2011). Riverbanks were heavily wooded, and long dry 
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periods allowed vegetation to become established within channels (Pietsch and 

Nanson, 2011). Under such conditions, channel flow capacity was low and flow 

resistance high, making the floodplain an important part of the channel system. Low 

flows moved slowly within channels; while even relatively minor floods spilled onto 

floodplains to store water in sediments and wetlands. During dry times, stored water 

helped maintain base flows – which are naturally very low in Australian rivers 

compared to other regions of the world.  

Australian rivers also stored large amounts of wood on floodplains (Brooks and 

Brierley, 2002). Ruiz-Villanueva et al. (2016b) report that as well as lying on 

floodplain surfaces, wood was buried in sediments, where lack of oxygen can 

preserve it for centuries. 

The Scamander’s pre-European condition is best recorded for the river opening, 

estuarine basin and lower channels. Far less is recorded about conditions further 

upriver, an area still known to relatively few people today. 

 

The first known image of the Scamander is a painting from 1844 of a campsite 

beside the estuarine channel, showing very shallow, sedimentary banks (Stanley, 

1849) (Figure 2.1).   A map produced about the same time shows a narrow inner 

channel winding through the wider channels of the lower reaches (Dawson, Circa 

1844) (Figure 2.2).  The river opening is restricted by a spit extending from the 

southern bank some 400 m northward, across the opening.  A description of 

Tasmania’s east coast in 1894, describes such spits as ‘necks and natural 

breakwaters of blown up sand’ that are peculiar to, and frequently found on the 

east coast (Anon, 1884b). At Scamander, Diana’s Basin, and Bay of Fires, these 

formations are described as being closed to form a lagoon, in which brackish 

water fish breed. On Dawson’s map, the river opening is described as ‘open only 

in the winter months.’ The sand barrier at Scamander was sufficiently stable and 

well-vegetated to be sold as part of a block of land (Dawson, Unknown), and 

sediments across the river mouth were sufficiently compacted to allow fording 

with wagons (Dawson, Circa 1844).  

Inland of the opening is a narrow gorge, still further inland a wide basin and 

mudflats. This basin is described as having shallow pools, black mud and rotting 

sticks, a ‘sodden meadow marsh’, reedy ponds and wetland plants (Idler, 1891b) 

including large areas of samphire (Sarcocornia quinqueflora), a saltmarsh plant. 
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The barrier described at the opening is typical of estuaries found along beaches that 

have powerful waves and a low tidal range along with a history of sea level rise. This 

includes over 75% of those found on Tasmania’s east coast (Short, 2010). Barriers 

are formed across the estuarine opening where there are ample sediments to be 

moved into river openings by wave energy and alongshore currents (Kench, 1999). 

Such estuaries are known today as wave-dominated or barrier estuaries (Roy et al., 

2001, OzCoasts, 2015) or ‘intermittently closed and open lakes and lagoons’ (ICOLL’s) 

(Kench, 1999). They are common all along Australia’s south eastern coast. Their 

influence on the estuaries that lie behind them, and on rivers that flow into these, is 

significant. Their influence acts slowly over time, so the length of time the barrier is in 

place is also significant. 

 

 

Figure 2.1: Early painting the Scamander River (Stanley, 1849): Banks are shallow along the 

southern shore with some incision of northern bank. (National Library Archive) 
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A timeline for formation of east coast barriers is suggested by Short’s 2010 studies of 

sediments along Australia’s east coast. He found east coast sands to be high in 

quartz, the southern east coast averaging only 20% carbonate materials, decreasing 

southwards to as low as 3% off Victoria (Tasmania was not tested, but is likely to be 

similar). Quartz sediments are terrigenous in origin, being supplied as bedload in 

rivers to the continental shelf during periods of low sea level. The east coast of 

Australia underwent a Postglacial Marine Transgression, 6000 to 6500 years ago, 

followed by stillstand (Thom, 1983). Most rivers in the region have been infilling their 

estuaries since that time, meaning little sediment of terrestrial origin would have 

reached the coast during the Holocene. 

 

 

Figure 2.2: Early map of the estuary and opening of the Scamander River: (Dawson, Circa 

1844). Note: Bridge site, spit typical of wave dominated estuaries extending northward some 400 

metres across the opening from the southern bank, and some 50 metres south from northern bank.  

Dotted lines represent a deeper channel within the main channel, running close to a rocky point at 

the northern end of the bridge. A ford is indicated from the tip of the southern spit to the concave 

northern bank, inside the river mouth. (Tasmanian Historical Archives) 
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Short (2010) estimated that during the Holocene, terrigenous materials were 

delivered to the coast of Tasmania at a rate of 0.7 m3m-1yr-1, the lowest rate for 

Australia’s east coast, which averages 3.1 m3m-1yr-1. (Table 2.1).1 Estuarine barriers 

have therefor gained little sediment from the landward side during this period. The 

sandy texture of east coast beaches allows sediments to be reworked on shore 

during sea level transgression to supply beach-barrier systems and contribute to 

long-shore transport. These conditions mean barriers are likely to have reached a 

stable form shortly after the marine transgression ended, and to have remained 

stable through the Holocene. This gives the barrier that existed at the Scamander 

River mouth in 1844 a potential age of some 5,000 years. 

The steep continental shelf off eastern Australia allows waves from the open ocean 

to maintain high energy levels approaching shore. Short (2010)’s studies further 

showed that deep offshore sand (up to 30m thick) can be reworked to depths of 30 

to 60 m at present sea levels. Unlike the shallow, sheet-like barriers found on other 

continents, these wave conditions produce barriers with steep, rectangular cross 

sections (Figure 2.3) which form a more substantial impediment to incoming waves 

and outgoing river flows.  

Inside the barrier of a wave-dominated estuary is a basin gradually filling with 

sediments and organic matter (The Scamander’s basin is visible in Figure 2.2 and 

the nature of the sediments can be seen in Figure 2.4). As the river flows through 

this shallow, vegetated area, flow energy dissipates, so that the landward side of the 

barrier is only exposed to low energy flows (OzCoasts, 2015). The shallow opening 

also reduces the rate at which tidal flows can enter the estuary and provides a buffer 

from heavy seas (ibid). 

 
1 These units are derived from the volume of the barrier in cubic metres, per metre of shore, divided by 6000 
years since sea level rose. Data for the north and east coast of Tasmania are presented below: 

Table 2.1: Characteristics of Australian sedimentary provinces and sub-provinces. (adapted from Short 2010 p398) 

Prov. Coast 

Length 

(km) 

Barrier 

Length  

(Km) 

Number of 

Barriers 

Total Barrier 

Area 

(km2) 

Unstable 

Area 

(km2) 

Unstable  

% Area 

Barrier 

Volume 

(km2) 

Mean 

Barrier 

Volume   

 (m3 m-1) 

Holocene 

Rate Supply 

(m3m-1 yr-1) 

N & E 

TAS 
1518 486 186 246 48 19.5 2.2 4424 0.7 
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Figure 2.3: Remains of the barrier at the Scamander River opening, 1929: The southern end of 

the barrier after the flood of 1929.  The ocean is visible behind onlookers, note height of bank, 

vegetation, and what appears to be a paleosol about 1m above current sea level. (St Helens History 

Room photo 601-7) 

 

Figure 2.4: Banks of the estuarine channel of the Scamander: The shallow southern bank 

opposite Doyle’s Mudflat, is made up of fine cohesive sediments, with visible impact of traffic. Today, 

the Upper Scamander Road runs along the edge of hills at top left. (S. Stirling photo, Australian 

National Archive) 
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2.3 Trial and error, and misconceptions 
 

The first bridge over the Scamander, erected in 1865 just upstream of the estuarine 

barrier (Figure 2.2), was built for a low energy environment. Settlers knew little of the 

climate of this new land and used the resources at hand sparingly. 

A simple structure built of ironbark (Eucalyptus sieberi) piles, ‘no bigger than 

telegraph poles’, the first bridge extended 168m from bank to bank 2, with no 

causeway (Anon, 1933a). It withstood several floods and lasted 10 years.  

The channel bottom consisted of fine sand covered with mud (Anon, 1884a, Anon, 

1913b). Within 10 years, sediments were being disturbed below the bridge and 

downstream. In 1875, five bridge piles sank into the sediments under a mob of 

cows herded across the bridge; when these were nearly repaired, another four 

sank (Anon, 1875). Until a replacement was built (Anon, 1876) pedestrians 

continued to use the bridge. Riders were obliged to swim their horses across the 

channel, cattle presumably crossed the same way. A ‘very dangerous quicksand’ 

bottom developed in the channel (Anon, 1875).  

 

The fact that this first bridge survived a decade, suggests channel conditions were 

stable, and floods were of relatively low energy during this period. The fine sand and 

mud made the channel vulnerable to disaggregation from horse and cattle traffic.  

Increased flow velocity around bridge piers during floods causes vortices to form 

which mobilise sediments and develop scour cavities (US Department of Transport, 

2001). In fine, cohesive sediments, scour cavities increase in depth with successive 

floods, refilling with loose sediments as floods subside. Cavities deepening around 

the bridge piers with successive floods, and the impact of traffic crossing would have 

gradually reduced the forces holding the piers, until they subsided. Increased activity 

of horse and cattle in the channel after the bridge was damaged would have further 

destabilised sediments in the channel downstream, producing the ‘dangerous 

quicksand’. 

A very substantial second bridge was completed in 1880, to a plan signed by 

Governor George Arthur (Heritage, 1878) (Figure 2.5). To solve the problem of 

piers sinking into sediments and accommodate heavier use, it had a long stone 

causeway and thirteen sets of piers spaced just over 6 m apart (Figure 2.6). At the  

 
2 Imperial measures given in newspaper reports have been converted to metric units for consistency. 
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Figure 2.5: River cross section from plan for bridge constructed 1880: View is facing upriver, 

note the shallow channel extending from southern bank at left, and the deeper inset channel at right. 

(Adapted from Australian National Archives photo) 

 

time.  Tasmania was being promoted as having the most pleasant climate in the 

southern hemisphere, abundant rainfall, and only few floods, which were ‘rarely 

of sufficient magnitude to be dangerously destructive’ (T.C. Just in ‘Tasmaniana’, 

1883, pp 4-5, quoted in (Evans, 2012)). The shallow muddy banks and narrow 

inner channel in the Scamander’s lower reaches (Fig. 2.1 and 2.2) would have 

given the appearance of a placid river.   

As early as 1885, the construction of such a long causeway was recognised as ‘a 

very great mistake’ due to the restricted space for water flow (Anon, 1885).  The 

very restricted space for flow of water under this bridge did not allow for large 

energetic floods. Four bridge piles sank in the first year after the bridge was 

constructed (Anon, 1875), increased flow velocity between piers, scour around 

them, and previous disturbance to the channel are likely contributing factors. 
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Figure 2.6: Second bridge over the Scamander completed 1880: Its long causeway and 13 sets 

of piers, just over 6m apart, left little room for flow. (Australian National Archives photo) 

 

In November 1889, weather conditions arrived that began to change residents’ 

impressions of the rainfall and flood extremes that Tasmania was capable of. After 

three months of wet weather, rain resembling a tropical downpour fell for two 

hours on saturated ground. Heavy rain continued until nightfall while the wind 

gusted from all directions. Another downpour the following day (November 27, 

1889) coincided with an extremely high tide (Anon, 1889b).  The floods mobilised 

wood and debris which blocked the 1.8m high bridge openings (Anon, 1889c). The 

force of water and accumulated debris against the bridge lifted it out of its bed 

and carried it out to sea in one piece (Anon, 1889a). A great rush of water was 

released, cutting a new opening to the sea in a direct line with the bridge. Logs 

and debris were stacked against the bank near the opening, to be shifted over the 

following days by waves and currents (Anon, 1889a). 

Settlers’ expectations of Australian weather were based on European conditions, 

which contrast strongly with those in Australia. Weather conditions experienced in 

November 1889 are a typical feature of Tasmania’s east coast. A semi-arid region 

with mean annual rainfall between 600mm and 1000mm, (Figure 2.7) the area is 

subject to short periods of intense rainfall that can drop 30% to 80% of annual rainfall 

within a few days (Figure 2.8 A and B) (Meteorology, 2016). Humid air forced over 

the highlands from the Tasman Sea produces these events, which are often 

accompanied by strong winds and high tides. 
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Such weather and the floods that accompany it were unfamiliar to recently arrived 

residents of Scamander in 1889. Flood records in Australia now show that river flows 

on this continent are nearly three times more variable than the world average (Lake 

et al., 1986). Traditional flood frequency analysis predicts how often particular flood 

levels are likely to occur based on gauged records. The ‘one-in-100-year flood’, 

sometimes mistakenly interpreted as being a flood we don’t need to worry about for 

close to 100 years after it occurs, is better understood as 1% Annual Exceedence 

Probability flood level, or Q100. Each year, such a flood has a 1 in 100 chance of 

occurring. Q100 floods in Australia average five times and can range up to 20 to 30 

times the mean annual flood, compared with two to three times in other parts of the 

world, (Finlayson and McMahon, 1988). 

Even today, our understanding of the potential for large floods in Australia is 

imperfect. The reliability of flood levels predicted from the gauged record is based on 

three assumptions: That the gauged record is long enough to include the whole 

population of floods a given river system is likely to display (Gordon et al., 2004), that 

river channels have not changed during the period of record in ways that effect flood 

patterns, and that rainfall patterns have not changed since records began. All three 

of these assumptions are often not met. 
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Figure 2.7: Average annual rainfall for Tasmania based on 30 years from 1961 to 1990: 
(adapted from Bureau of Meteorology 2016). 

 

Figure 2.8 (A) and (B): Two examples of extreme rainfall events – 1929 and 1974: – (A) the 

state-wide extreme flood of 1929 and (B) a less widespread event in 1974, this type of event is more 

common. (adapted from Bureau of Meteorology 2016). 
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Gauged records are particularly short in Australia (42 years on average in the east) 

and extreme floods are often poorly represented in the record, though they may be 

overrepresented in some regions (Lam et al., 2017). This makes uncertainty in flood 

estimates very high. As an example, three additional years of record for Spring Bluff 

South East Queensland (gauge #143219A), which included the 2011 and 2013 

floods, reduced the predicted return period of a flood reaching the 2011 level from 

2000 years to only 55 years (Lam et al., 2016).  

The assumption that flood behaviour of rivers has not changed is questionable, given 

there is considerable evidence of significant change to rivers in Australia over the 

past 200 years.  

The increase in severe climate events associated with climate change puts the 

assumption that rainfall patterns have not changed since records began in question. 

Naylor et al. (2017) describe geomorphic methods for identifying past extreme 

floods; the data can be used to improve the prediction of flood recurrence 

probabilities and reduce uncertainty. Appropriate recognition of uncertainty is rarely 

included in flood predictions as they are currently used in planning or to inform the 

public (Croke, 2017). Naylor et al. (2017) further state that such methods may assist 

in determining whether these probabilities are stationary in time, or whether their 

mean and variance are changing in a deterministic way. If they are changing, design 

criteria for dams and other infrastructure would need to be modified. Thus, despite 

the increase in sophistication of rainfall and flood records, we continue to share 

some of the uncertainty about what our rivers are capable of that European settlers 

experienced. Further studies are needed to allow reliable prediction of patterns into 

the future. 
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2.4 The River begins to change, and opinions clash. 
 

The consequences of the 1889 flood were influenced by characteristics of the 

Scamander River opening (Figure 2.9). A narrow, rocky gorge just upstream from the 

bridge confines water to the channel on its way to the sea. Behind this lies a basin 

largely filled with fine sediments to near or just above sea level. Mud flats, basin and 

wetland have a total area of at least 150 Ha. As water filled to 1.8 m across bridge 

openings, some 2,500,000 m3 of water could have collected. Pressure of logs and 

water built up until the bridge gave way. Water flowed forcefully towards the sand 

barrier, normally exposed only to low energy (as flow energy was dissipated in the 

basin). The downstream channel was scoured out, and the sand barrier scoured 

away.  

 

Figure 2.9: Contemporary view of the Scamander River opening, gorge, and basin: Water built 

up within the basin when bridges were blocked by wood during floods. (Gary Richardson, Wanderer 

Photographics. 

 

A description of the area near the bridge provides evidence that the balance 

between flow energy and sediment availability had been disturbed: 
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This gave the river a wider, deeper opening (13m as opposed to 1m prior to the 

flood), which lay directly downstream from the gorge (Anon, 1890a). Bone Idler 

(1891a) writes that water ‘surged in depths of oscillating turbulence’ and ‘gnawed 

at mud-flats’. The Scamander had become a ‘tidal river of some magnitude’, ‘its 

volume flows with force, sweeping hues and odours still marine up into the placid 

heart of pastureland and wooded valleys’ (Idler, 1891b).  

 

The narrow, curved channel at the original opening had provided resistance to tidal 

movements; the new opening allowed incoming and outgoing tides to move more 

freely. Bone Idler’s description is consistent with the energetic flows found at the 

wider opening of a tide dominated estuary (OzCoasts, 2015-2017). Sediments were 

now mobilised and re-distributed as flow dynamics changed with incoming and 

outgoing tides and changing river flow volumes.  The effects of this transformation of 

the river opening, and its incompatibility with the strong wave forces which had built 

the barrier, would be evident over the following years.  

 

A third bridge completed in 1892 (Anon, 1892b) was designed to be more suitable 

for the site. Placed at a right angle to the flow, with short approaches, it had spans 

of 12.2 m (Anon, 1914) and high decking to allow floating logs to pass under (Anon, 

1892a) (Figure 2.10). This bridge lasted nineteen years, longer than any other built 

at the site until the steel bridge of 1935 (which still stands at this writing in 2020). 

Despite the improved bridge design, changes in river behaviour were increasingly 

evident. Over the next decade, wet and dry years, floods, heavy seas, and marine 

currents changing with the seasons, shifted sands at the new river opening. 

Newspapers repeatedly reported blockage of the barway (1899, 1900, 1902, 1907, 

1908, 1910) and reopening by residents (1899, 1902, 1907, 1910) including 3 days 

of unsuccessful digging in 1910 (Fearman, 2017). Rising water levels within the 

estuary flooded farmland upriver and blocked road access from Upper Scamander 

(Anon, 1910). In 1897, a very dry year, locals chose a place to dig near the northern 

bank where an opening dug some 4 years previously had improved fishing (Anon, 

1897a, Anon, 1897b). As water drained from the estuary, the channel widened to 

over 200m, with a depth of about 2m. Thousands of fish were observed swimming 

into the river. A flood later that year scoured the opening again so that ‘a good-

sized vessel could come in’(Anon, 1898). The barway remained opened from 1902 

to 1904, (Anon, 1904), in part due to a flood in 1903 which left the opening 365m 

wide.  
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Figure 2.10: Third bridge built over the Scamander between 1890 and 1892: Constructed of 

ironbark, stripped, charred and dressed with boiling tar, it had unusually large spans to allow passage 

of logs. It lasted until 1911. (Australian National Archives photo). 

 

Opinions expressed in the papers suggest locals increasingly saw a wide open 

barway as the desirable and achievable condition, and a blocked barway as a 

damaging aberration which must be resolved (Fearman, 2017). The morphology 

of the Scamander River opening had been carefully mapped by surveyor William 

Dawson (Circa 1844), who showed a ford across the narrow channel, and noted 

that the outlet to the sea was ‘open only in the winter months.’ There seems to 

have been no awareness of this in the community less than 60 years later. 

In March 1911, heavy rains from the east south east produced The Great Flood, 

which rose more rapidly than residents had previously experienced (Anon, 1911a). 

Witnesses at the site gave a detailed report to the Examiner (Anon, 1911b).  They 

estimated that ‘hundreds of tons’ of debris and logs up 18m long were washed 

down the river. Wood piled up ‘higher than the bridge itself’ and narrowed the 

opening. Visitors standing on the Scamander bridge, watched as ‘gradually the 

outlet for the swirling stream narrowed, and it rushed through with the speed and 

noise of a millrace’.  A few minutes later, with observers having been called into 

the hotel for dinner, the bridge section near the hotel was torn out and swept out 

to sea. The aftermath of the flood was also reported (Anon, 1911a). The bridge 

section in the shallow channel on the southern side heeled over and was buried 

in silt (Figure 2.11). A bank of silt was deposited in mid-stream. ‘The whole aspect 
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of things (had) been changed.’ In the aftermath of the flood, woody debris washed 

up on the shore for kilometres, including trees and logs up to 20 m in length.  

 

 

Figure 2.11 A and B: Third bridge after destruction by the Great Flood of 1911: (A) The wide-

open mouth of the river is visible in the background. (B)View from the water showing southern end of 

bridge buried in sediments. (St Helens History Rm 49-5, 49-11). 

A 

B 
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The observers’ reference to ‘the speed and noise of a millrace’ in describing the 

flood is significant. In the 19th century water mills were very common around the 

world (Walter and Merritts, 2008). Most ran water through an undershot weir, where 

supercritical flow was created by water pressure from above (Müller et al., 2007).  A 

concept first developed with the growing science of hydrology in the 1860’s, 

supercritical flow refers to water moving faster than a disturbance can be transmitted 

upstream (i.e., faster than the waves formed by a stone dropped into a pond travel 

over the water surface) (Gordon et al., 2004 p.162). Because an object placed in 

water flowing at supercritical velocity does not affect conditions upstream, mill wheel 

efficiency increases, and smaller wheels can be used to do a given amount of work, 

thus these were widely used. The dramatic speed and noise would have been 

familiar to the public at this time and this comment suggests the water flowing under 

the bridge had reached supercritical velocity.  

This has important implications for the behaviour of water at the site, and its impact 

on sediments and the forces acting on the bridge. Scour around piers, and the height 

water builds up to behind an obstruction, both increase significantly when flow 

reaches critical velocity (El-Alfy, 2009). Bridge decking in this design was higher than 

for previous bridges, the backwater rise resulting from supercritical flow would have 

raised water levels behind the bridge still higher. According to the observers, wood 

accumulated ‘higher than the bridge itself’. The force built up behind the bridge and 

the water level in the basin would therefore have been greater than in previous 

bridge washouts. More wood could be recruited into the flow from low lying areas 

around the basin that had not previously been inundated. When the bridge 

collapsed, greater volume and velocity of flow would have occurred through the 

opening, scouring away more of the barrier.  

The River opening was subjected to flow energies higher than those to which 

sediments in the lower channel were normally exposed. The barrier, which normally 

reduced the impact of waves and tides, and dissipated the energy of river flows, had 

now been largely removed. (Figure 2.11 and Figure 2.3) This would have 

implications for the whole river system.   

The concept of river base level and evolution of river longitudinal profiles towards 

equilibrium in response to changes in base level, is pivotal to understanding river 
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evolution. Holbrook et al. (2006) refer to barriers at the lower end of rivers as 

‘buttresses’, which anchor the river’s longitudinal profile, setting base level and so 

providing limits to incision and aggradation for river systems. Upward movement of 

the buttress, as occurs when sea level rises, is followed by aggradation in the river 

channels. Lowering of the buttress, as occurs with sea level fall, or by a disturbance, 

which negates the buttress’s effect, is followed by incision that moves upstream.  

Simon and Rinaldi (2006) define degradation as systematic incision, or lowering of 

the channel bed, that is transmitted upstream when sediment delivery and available 

transporting power become out of balance, such that transporting power is in excess.   

In their guidelines for assessing scour at bridges, Arneson et al. (2012) state that 

assessment of scour is particularly complex for bridge sites at estuarine openings, 

due to changes in riverine and marine forces and the balance between them. 

Further, if there is a loss of sediment in one or both flow directions at such a bridge 

site, there will be long term degradation in the river system. Stability of the inlet or 

estuary, size of the bed material, and the availability of sediment from inland or from 

the coast are factors that impact on the degree of degradation that will occur.  

The flood of 1911, and further floods that destroyed bridges and were followed by a 

surge of high energy flow out of the basin, changed the interaction between 

sediments and the forces of moving water at the Scamander River’s seaward limit. 

By removing the barrier and scouring out the opening, they effectively lowered base 

level. This has implications for the entire River catchment as incision can be 

transmitted upstream into tributaries, even when these are fully vegetated (Hancock 

and Willgoose, 2014). 

 

2.5 River response and human interpretations:  
 

Attempts at bridging the Scamander continued, with efforts to improve based on the 

understandings of the time. 

 

A replacement bridge was built on the same site, using a pile driver to drive 12 to 

15m long ironbark piles down (Anon, 1913e) and completed in 1912 (Figure 2.12). 

The bridge had been in use 12 months when it subsided overnight in January 1913 
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(Anon, 1913c). Along 80m of its length, the piles had sunk nearly 5 metres into the 

mud, dropping the decking to water level (Anon, 1913e) (Figure 2.13 A and B). 

Initially, an earthquake was blamed (Anon, 1913a), but there had not been one, 

and other explanations had to be found. 

 

 

Figure 2.12: The fourth bridge built on the same site as the previous, using a pile driver: (St. 

Helens History Room photo 291-3) 

Substrate testing with boring equipment (Anon, 1913b) revealed layers of sand, 

with occasional hard seams extending to 6m deep, with 3m of slurry and 

quicksand below and a fairly solid bottom at 16m. Evidence of past higher sea 

levels (Twelvetrees, 1911), led investigators to conclude the hard layers were 

marine strata which steam driven piers had partly penetrated, heavy decking and 

vibrations from traffic then working them through into the soft sediments below. 

The honeycombed condition of piers that were removed (Anon, 1913d) led to an 

alternative conclusion that teredo worm (Teredo navalis), detected in the river in 

1912 had destroyed the piers (See Appendix 2). These alternative explanations 

caused great controversy and delayed construction of a replacement bridge 

because a steel bridge would be required to prevent Teredo damage while long 

wooden piles driven down to a solid base would be more suitable in soft 

sediments.  
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Figure 2.13 A and B: Fourth bridge subsided to water level after 12 months of use: (A) Decking 

dropped to water level. (B) The bridge continued to be used by pedestrians and occasional vehicles, 

providing entertainment for the community. (St Helens History Room photos) 

A 

B 



32 

 

After further evidence of teredo was found, a steel bridge with concrete filled iron 

piles screwed to wooden beams carrying the decking was constructed. Nine sets 

of piers with 20m spans would reduce resistance to flow and allow timber to pass 

under, and a causeway lengthened to 38m reduced costs. (Figure 2.14) Its 

completion in 1914 was welcomed with optimism by an enthusiastic community 

(Anon, 1914). 

On August 4, 1915, the heaviest flood since 1911 piled hundreds of tons of logs 

and woody debris against the bridge’s iron piles (Anon, 1915). Crops considered 

well above flood levels were destroyed upriver. Two residents succeeded in saving 

the bridge by standing on it and turning logs to pass under while water rose to 

within 1.5 m of the decking. 

 

 

Figure 2.14: Fifth bridge built of iron piles filled with concrete: For protection from Teredo navalis, 

believed to be the cause of failure of the previous bridge, iron and concrete piles were screwed to the 

bridge decking. (Weekly Courier Thurs. June 14, 1923) 

Increasing volumes of flood borne large wood were becoming a feature of floods on 

the Scamander through this period. The minimum dimensions for what scientists 

today call large woody debris (LWD) or large wood (LW) are defined as 1 m in length 

and 10 cm in diameter (Addy and Wilkinson, 2019). Logs and trees carried by the 

Scamander included some well over a metre in diameter, and 12 metres in length 

(Anon, 1929), an order of magnitude larger than the minimum dimensions of the 

modern definition. Such large wood is rare today and understanding derived from 

modern studies does not fully address the consequences of such extreme loads. 
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Changes in distribution, recruitment, and residence time of large wood have induced 

morphological and behavioural change in many Australian river catchments since 

European settlement (Brooks et al., 2003, Webb and Erskine, 2003). Processes 

involved in LW dynamics during floods have been shown to be highly variable 

between catchments due to catchment specific variability in characteristics affecting 

wood recruitment, channel widening and hillslope-channel connectivity (Comiti et al., 

2016). Further, LW transportation has been found to be supply limited – the amount 

of LW made available to the flow is the dominant influence on transport in the 

channel network (ibid).  

The Scamander catchment’s steep heavily wooded terrain contributes to the 

availability of large volumes of wood. The durability of some of the Eucalypt species 

contributes to long residence times of fallen wood in the catchment.  Eucalyptus 

sieberi (ironbark) is a dominant species on dry hill slopes in northeast Tasmania 

(Chippendale, 1988) including the Scamander catchment. E. sieberi is highly 

resistant to decay (Forest & Wood Products Australia Ltd (FWPA), 2013), and was 

therefor used for construction of bridges and jetties  (Anon, 1890b). Susceptibility to 

decay has been shown to have a strong influence on residence time in catchments 

(Ruiz-Villanueva et al., 2016b).   

The formation of wood jams adds further to residence time. The growth form of E. 

sieberi which has a single, long, strong stem with a small crown (Wiltshire and Potts, 

2007), is one which has been found to make trees prone to forming wood jams 

(Ruiz-Villaneuva et al., 2016c). Wood jams formed from decay resistant timber 

produce floodplain hard points form, on which riparian trees mature, further 

increasing the availability of very large wood in river channels (ibid).  

The high density of Ironbark wood, 1200 Kg/m3 unseasoned reducing to 850 kg/ m3 

when fully dry (FWPA, 2013), also promotes wood jams.  The dry wood floats on 

fresh water, while unseasoned wood is denser than sea water, which has a density 

1029 Kg/m3 (Gordon et al., 2004).  Wood heavier than water travels by rolling or 

sliding as bedload along the river bottom (Wohl, 2017). Ironbark logs, depending on 

their moisture content, can therefor travel at all levels in the water column, even 

when they reach saltwater. This promotes the formation of jams in narrow, deep 
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channels, particularly at tight bedrock confined bends which are common on the 

Scamander (Chapter 3). 

Where more decay susceptible tree species are introduced to a river catchment, 

residence time and wood budgets can change dramatically because decomposition 

affects permeability, buoyancy, and transport (Ruiz-Villaneuva et al., 2016c). 

Likewise, changes in wood residence time in estuarine channels of the Scamander 

are likely to have contributed to wood availability during the period following the 

appearance of Teredo navalis in 1912 (See Appendix 2). T. navalis is a rapidly 

spreading wood boring mollusc, adults were readily transported in wooden hulls, and 

larvae in ballast water (Appelqvist et al., 2015). Adults efficiently digest cellulose 

(Honein et al., 2012) as they bore into wood, leaving a honeycomb structure of 

tunnels (Didžiulis, 2011). This reduces mass and strength, making wood more 

susceptible to recruitment into flow. Thus affected, wood deposited in the basin by 

previous floods, and naturally buried in channels would have been floated when 

water levels rose in the basin and added to wood recruited from channel banks and 

other sources higher in the catchment. 

The month leading up to June 6, 1923 was the wettest in 40 years of rainfall 

records through much of Tasmania (Anon, 1923c). That day, phenomenally heavy 

rains fell in the hills behind Scamander from noon into the night (Anon, 1923b). 

The Burnie Advocate described the flood at Scamander and its impact (Anon, 

1923b). In the river catchment, property, livestock, and crops were damaged, 

water rose into residences and pasture was covered in 8-10 cm of black slime. 

Huge trees and debris came down with the floods and lodged against the bridge, 

while tremendous amounts of water passed under it for some hours. During the 

night, the flood volume increased, and the bridge gave way under the strain.  Tree 

trunks and debris washed out to sea, and back onto the flat of the foreshore on 

the northern bank. Debris was piled 3 m high and large waves continued to break 

on the heap. Residents had never seen such stormy waters at the Scamander. 

Two highly experienced salvage divers, J.W. and E. Hodgson, were hired to 

thoroughly investigate the area underwater, with the intent of salvaging the iron 

piers (Anon, 1924a). The divers were interviewed by the Launceston Examiner 

(Anon, 1923a). On the river bottom near the opening, they found remains of 3 

different bridges with large logs, debris, tree stumps and trunks piled against 

them. Two 12 m spans of the iron bridge, with 6 sets of concrete filled iron screw 

piles were completely missing, presumed washed out to sea. They also observed 
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a very wide variety of fish species including the largest flounder they had seen in 

a long diving career. 

 

From their review of available literature, Comiti et al. (2016) conclude that by the 

1800’s European river catchments had long been largely deforested, and their 

channels cleared of wood. The quantities and size of wood transported by the 

Scamander during this period would, therefor, have far exceeded those that may 

have been familiar to engineers trained in Europe. Studies of the role of large wood 

in floods began in the European Alps after large flood events in wooded catchments 

during the 1960’s and 1980’s (Comiti et al., 2016). Despite the importance of in 

stream wood for stream hydraulics and morphology, and for sediment transport, its 

dynamics were barely researched until the 1980’s. Research is currently very active 

(Figure 2.15), but many aspects remain poorly understood (Ruiz Villanueva et al., 

2014b). The dramatic events occurring in the Scamander would, therefore, have 

been outside the experience of residents and experts in bridge engineering and 

hydrology of the time.  

Wohl et al. (2010) point out the need for consistency in the variables measured and 

methods used to enable useful comparison between different regions. Wood of such 

large dimensions is rarely included in studies today because such large trees are 

becoming increasingly rare. Modern research provides insights into processes that 

caused such enormous amounts of wood to be carried by the Scamander’s floods, 

but the significance of the extreme size of LW in the historical floods must remain an 

open question. 

There are no recorded observations on which understanding of the behaviour of 

flood borne wood upstream of the bridges could be based. Some understanding of 

wood dynamics in the catchment can be inferred from the literature.  

Seo et al. (2010) review wood interactions at the catchment scale. They conclude 

that fluvial processes (including changes in stream power, bank erosion that 

undercuts vegetated banks, and timing of flood sequences relative to wood inputs) 

play a highly significant role in wood dynamics in medium sized catchments. The 

enhanced flood events associated with repeated clogging of bridges and the impact 
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of changes at the opening on upstream flow dynamics are likely to have significantly 

changed the dynamics of wood recruitment and transport in the catchment.  

In her review of 50 years of research on large wood in river catchments, Wohl (2017) 

concludes that mass movement of slopes contributes a high proportion of wood in 

steep catchments, and that this contributes to log jams. Comiti et al. (2016) conclude 

that stable roughness elements such as boulders, islands and marginal vegetation 

promote some local deposition in channels, but in mountain rivers in Europe most 

LW travels many kilometres downstream unless it encounters bridges or other 

artificial structures. An exception to this occurs where lateral bedrock confinement 

narrows channels relative to log length; at such locations, the form of the channel 

restricts log movement, and log jams can build (Gurnell et al., 2002). Numerous 

laterally bedrock confined narrow sections occur in Scamander River channels (See 

Chapter 3) providing potential locations for log jams.  

Eucalyptus sieberi, which is prominent on dry rocky slopes of the Scamander 

catchment, exhibits characteristics that contribute to log jam formation. These 

include having tall, straight, single trunks with small crowns and being resistant to 

decay (Wiltshire and Potts, 2007). Log jams are therefore likely to have formed 

within channels of the Scamander as part of natural river processes, and their 

interaction with floods and with changing conditions in channels is likely to have 

played a role in the behaviour of wood during these floods. 
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Figure 2.15: World distribution of field-based studies of large wood in rivers: Studies published 
in English since 1990 are shown. Prior to 1980 there were only a handful of studies in North America, 
none prior to 1990 in Australia. The data shows the uneven distribution of studies of LW around the 
world, resulting in a lack of data for many river types. (adapted from (Wohl, 2017). 
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2.6 Expensive efforts produce another failure, before methods finally succeed. 
 

For construction of the sixth bridge, logs of a rot-resistant timber called 

Turpentine, (Syncarpia glomulifera) were imported from New South Wales and 

coated with a type of copper sheet called Kopsen’s metal, for which several tons 

of copper sheet and a ton of copper rivets were needed (Anon, 1924b). The piles 

were arranged in seven sets of eleven each, the outer ones slanted to help resist 

flow. Short approaches and high decking allowed plenty of room for floating 

timber to pass under during floods. (Figure 2.16) Despite all this, the sixth bridge 

survived only four years: from its completion in 1925 until the record Tasmanian 

floods of 1929. (Fearman, 2017) 

 

The flood of 1929 was the most damaging in Tasmania in post-colonial times.  

Extreme rainfalls were widely distributed around the state (Figure 2.7 A).  500 mm 

fell in three days at Burnie and 337 mm in 24 hrs at Mathinna (Rimon, 2006).  22 

lives were lost, most of them in the collapse of the Briseis Dam, and severe 

damage to infrastructure caused serious economic impacts.  

Rainfalls in the Scamander catchment were among the highest in the state (Figure 

2.8 A). From Wednesday 3rd to Saturday 6th of April 1929, extreme rainfalls fell in 

the hills behind Scamander (Rimon, 2006). (Figure 2.7 A) By Thursday afternoon, 

hundreds of tons of trees and logs had gathered behind the Scamander bridge 

and were ‘constantly churning about the piles.’ Two witnesses described the 

destruction of the bridge to the Hobart Mercury (Anon, 1929a).  ‘At 3:40 pm 

pressure from massed logs seemed to lift the piles and heave the bridge out of 

the riverbed on the upper side, it began to slope over, creaked, then with a great 

wash and rending of timbers it split in two and the sections were carried away 

with a roar’.  The accumulated debris resembled a huge island as it broke through 

the bridge and finally piled up on Ocean Beach. In 5 minutes, nothing was left 

between the shores but foaming water. Sand hills, which had almost closed the 

river, were swept away, leaving a shallow bay ‘filled with eccentric currents.’ 
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Figure 2.16: Sixth bridge built of rot resistant Turpentine logs imported from NSW: Logs were 

coated with copper sheet below the water line. With 7 sets of 11 piles each and a high decking, the 

bridge was expected to last. It was destroyed after only 4 years by the flood of 1929. (St Helens History 

Room photo) 

 

Most of the bridge was later found lying in the river partly submerged (Anon, 

1929b). Further description of its fate was reported in the Weekly Times in 

Melbourne (Anon, 1929d). Parts of the bridge were carried 37 and 90 m downriver. 

Part was broken into a V and firmly embedded in the sand, pointing to the sky 

(Anon, 1929b). The larger portion was swept around in a semicircle by the river 

and forced into the sand. A pile of timber 18km long and 10m wide piled up along 

the beach south of the river opening.  Some logs were up to 12 m in length and 

1.2 m thick.  

The Launceston Examiner described the aftermath along the coast (Anon, 1929c). 

Thousands of tons of timber were left piled on the beach towards Falmouth and 

up onto the sand dunes, including trees and beams from the bridge. Fine dark 

debris washed up on the dunes and foam up to 6-9m deep covered the area up to 

274m inland. Hendersons Lagoon and the marshlands behind the dunes south of 

Scamander were underwater for over a mile (2.4Km). 

The river was later said (Anon, 1935) to have ‘scoured the banks of trees for 

miles.’  
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Conflict between hazard management methods and increasing recognition of the 

ecological value of wood in rivers have prompted increasing research into wood 

accumulation at bridges in recent times (De Cicco et al., 2018). Lack of field data 

regarding high magnitude floods remains a major constraint to research, including 

the application of modelling methods, where reliable inputs are critical (Comiti et al., 

2016). The extreme conditions under which such events occur, such as those 

experienced at Scamander in 1923 and 1929, are rare and involve significant 

danger, limiting the options for fieldwork.  

Today, technologies including active transmitters, ground cameras and participatory 

sensing provide options to collect useful data under extreme conditions. Ravazollo et 

al. (2017) analysed wood movement of an extreme flood in Chile from a video 

recorded by a local resident with a smartphone. It included examples of wood 

movement rarely described in the literature. Field investigation two weeks after the 

event allowed the exact location to be identified, a cross section surveyed, photos 

taken with a drone, and four control points to be identified. The researchers were 

able to estimate flow velocity and volume of transported wood.  

Ravazollo et al. (2017) identified three different phases of movement during the 

event. In the initial phase, which they termed wood-laden flow (WLF), a front of logs 

moved as a mass, not pushed by water, at 4.7ms-1 for 12s. In a second phase, 

termed congested wood transport (CWT) the velocity increased to 5.8ms-1 for 16s, 

during which time waves appeared in the log raft, suggesting the logs were now 

floating. In the third phase, termed floating wood transport (FWT), velocity increased 

to 8.1ms-1 and logs floated as a raft, occupying part of the surface.  

The researchers calculated, and confirmed by simulation with HEC-Ras, that 200 

m3s-1 of liquid discharged after the wooden front, and more than a third of the rising 

limb discharge was wood. Braudrick et al., in 1997, were the first to define wood that 

floated with ‘intense-piece-to-piece interactions’ and occupied more than one third of 

the water surface. They used the terms congested, semi-congested and 

uncongested, which have since been used in other studies. The first two phases 

described by Ravazollo et al. had not previously been reported. The video evidence 

suggests they involve very different forces, similar to a debris flow, dominated by 
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interactions between logs, and with the channel bed, rather than solid-fluid 

interactions.  

The accumulated debris that resembled a huge island as it broke through the bridge 

and finally piled up on Ocean Beach at Scamander in 1929, would appear to have 

similar characteristics to the early phases of the event reported by Ravazollo et al. 

Once the bridge collapsed, the wood appears to have moved ahead of the flow, 

pushed by the water from behind, and blocked the opening to the sea. The flow of 

water draining from the basin was then diverted behind the dunes towards Falmouth, 

where some of the beams from the bridge ended up.  

Mounting expenditure over the years and financial pressures on the State meant 

another bridge would not be built without a great deal of consideration.  

 

A series of hearings were held in 1933 to gather evidence from residents and 

experts (Anon, 1933b). The Director of Public Works, G.D. Baisille estimated that 

600 tonnes of force had been exerted on the sixth bridge by wood and water, and 

the pressure would have continued to build until the bridge gave way, regardless 

of its strength. He described the Scamander River as ‘one of the most treacherous 

in the State’. Bridges here had lasted on average 9 years, as opposed to 30 on the 

Huon and Prosser Rivers. 

 

The design eventually chosen used steel cylinders over 2 metres in diameter, 

which were sunk down to rock, while the sediments inside them were pumped 

out, then filled with concrete. The bridge itself was a three-span iron truss with a 

concrete deck, whose southern abutment rested on a nest of driven piles. 

Completed in 1935 it was calculated to last about eighty years. (Fearman, 2017)  

 

 

The very thorough consideration given to the design requirements for a bridge at the 

Scamander River opening achieved the desired result. The bridge completed in 1935 

has lasted 85 years, and still stands at this writing (May 2020). It has not been used 

for traffic for over two decades and is destined for demolition due to practical, 

economic, and environmental considerations. 

 

Dynamics at the River opening today are very different from those that existed prior 

to construction of the first bridge over the Scamander. An unstable sand barrier 

about 1metre above sea level has replaced the vegetated barrier several metres 
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high that existed in 1844. The channel moves from north to south across this barrier 

and closes frequently under the influence of low flows and strong wave action. 

Floods carry suspended sediments out to sea, along with large amounts of large 

woody debris. Most residents of the Scamander area today see these conditions as 

a natural part of river behaviour (See Chapter 5 Figure .5.3). 

 

 

2.6 Limitations of understanding: 

Computer modelling is used today to understand many of the processes impacting 

on river systems. However, the interaction of large wood with river flows and bridge 

structures still presents many unresolved challenges. Consideration of modelling 

inputs required, and the limitations researchers currently recognise will illustrate the 

complexity of large wood interactions with bridges. Several recent studies have 

assessed the current state of research in this area. 

In developing guidelines for risk assessment through modelling, Gschnitzer et al. 

(2017) carried out extensive investigations in a flume and used logistic regression 

analysis to process available knowledge on geometrical, hydraulic, and wood related 

parameters.  

They identify the analytical steps required as:  

- Evaluate large wood potential of the catchment, entrainment, and transport 

processes. (They warn that entrainment in forested catchments is very 

complex.)  

- Determine entrapment probability for different boundary conditions. 

- Consider impact of clogging on channel hydraulics and floodplain.  

- Represent hydraulic impact and induced system changes that result from 

clogging in subsequent modelling. 

These steps need to be applied based on data appropriate to the location. 

Appropriate data is lacking in many areas of the world, including Australia, due to 

insufficient studies, but evidence suggests south eastern Australian rivers have 
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relatively high wood loads. (Figure 2.17). Data on recruitment, transport, storage, 

and breakdown of wood is still lacking for most rivers (Ruiz-Villanueva et al., 2016a). 

In their review of current literature, De Cicco et al. (2018) identify the factors affecting 

the probability of wood entrapment at bridges as:  

- Number and length of logs in the flow, and whether they are congested.  

- Depth and velocity of approaching flow and the ratio between wood input and 

rate of discharge. 

- Channel morphology and bridge geometry.  

De Cicco et al. (2018) also identify complicating factors that have not yet been 

adequately incorporated into modelling. These factors were also evident in the 

historical floods on the Scamander River.   

- Wood entrainment is higher in the rising limb of a flood, possibly due to re-

mobilisation of wood deposited during previous floods. The repeated floods on 

the Scamander, particularly those involving bridge collapses that suddenly 

released water from the basin, are very likely to have deposited wood on 

floodplains to be re-mobilised in the next flood.  

- Secondary flows, which are dependent on flow depth to channel width ratio, 

complicate log movement because flows converge at the surface, and diverge 

at the channel bed. Estuarine channels of the Scamander change in width 

and depth as the river moves out of the basin, through the gorge and towards 

the outlet. This is likely to have resulted in complex log movements as flow 

approached the bridge. 

- As soon as logs span the entire gap between piers, backwater rise is faster 

and greater. Upcoming logs then form a debris carpet, which impacts on 

backwater rise. This type of log accumulation appears to have been involved 

in the destruction of the third, fifth and sixth bridges. 

Numerous interactions between factors, and feedbacks produce a very complex, 

dynamic situation.  
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Figure 2.17: Large wood load of rivers in different regions of the world:  Mean and sample size 

are shown for each group. (Four outliers have been removed for PNW – Pacific North West – to 

enhance contrast between mean values). Southern Hemisphere dry sites represent medium sized 

rivers in semi-arid Eucalyptus forests in southern Australia which have relatively high wood loads. 

Adapted from Wohl (2017). 

 

In addition to complications in wood dynamics, research that provides inputs for 

models also has limitations that prevent complex interactions from being fully 

represented. These are also significant for the events at Scamander. 

Firstly, flume studies on which principles of dynamics are developed are made in 

rectangular flumes with solid bottoms. These cannot account for the effect of channel 

form on wood movements, or of changing channel beds (De Cicco et al., 2018). At 

the Scamander bridge site, water flows out of a gorge to encounter the bridge, and 

then into a sedimentary channel previously destabilised by bridge collapses. This 

cannot be fully represented in a rectangular flume.  
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The shape and other characteristics of logs are simplified in many ways in modelling. 

Many studies still represent logs as simple wooden cylinders (De Cicco et al., 2018). 

Some studies model roots as a simple disc, or branches as pegs (Gschnitzer et al., 

2017), which goes some way towards a realistic representation. Variations in density 

of wood (including increase in moisture content as logs remain submerged), stiffness 

of logs, and vulnerability to breakage remain poorly represented (Ibid). The density 

of the species Eucalyptus sieberi, which is prominent on dry rocky slopes of the 

Scamander catchment, and prone to falling into channels, is higher than that of most 

Eucalypts and changes significantly as it dries - from 1200 Kg/m3 unseasoned to 850 

kg/ m3 when dry (FWPA, 2013). This means the dry wood floats on fresh water, but 

unseasoned wood is denser than sea water (density 1029 Kg/m3) (Gordon et al., 

2004).  Wood heavier than water travels by rolling or sliding as bedload along the 

river bottom (Wohl, 2017). The logs and tree stumps that the Hodgsons observed 

during their dive, which were lodged against the remains of bridges at the river 

opening (Anon, 1923a) are evidence that a portion of the logs moved along the 

bottom during Scamander floods even once they reached sea water. It also provides 

evidence for direct interactions of logs with the bridge structure, similar to the log-to-

log and log-with-channel-bed interactions that Ravazollo et al. (2017) describe as 

occurring in the wood laden flow (WLF) and congested wood transport (CWT) they 

described for the first time. The Chilean example shows that some aspects of wood 

movement in extreme floods have been observed too little to be reliably dealt with in 

the scientific literature or well understood in scientific terms, and so cannot be 

represented in models. 

Modelling of wood transport in floods, and its interaction with bridges usually relies 

on two dimensional models (Ruiz Villanueva et al., 2014b, Ruiz Villanueva et al., 

2014a, Comiti et al., 2016). However, even in flumes wood jams have a complex 3D 

structure, which extends down to the flume bed (Comiti et al., 2016). Thus, three-

dimensional modelling would be required to fully represent the interactions between 

wood and bridges in most situations, and particularly where such dense wood as E. 

sieberi, a portion of which must travel as bedload, is involved. 

De Cicco et al. (2018) also caution that the interaction of wood with sediment 

transport and with riparian vegetation are not considered in models. Gschnitzer et al. 

(2017) emphasise the need for addressing LW transport together with sediment 
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transport and considering morphological change that accompanies their impact on 

bridges. Comiti et al. (2016) report that log jam formation at bridges causes an 

interaction between bedload deposition and backwater effects that can rapidly clog 

the entire bridge cross section, an example of the ‘induced system changes’ which 

Gschnitzer et al. (2017) identify as not yet being considered in modelling. These 

interactions are evident in the events on the Scamander. The island of sediment 

deposited mid-stream when the third bridge was destroyed, and the dynamics 

involved when the last Scamander Bridge was broken into a V and embedded in the 

sand, cannot be understood until these complex interactions can be addressed.  

 

2.7 Conclusions 
 

Details extracted from fragmentary historical sources have been collated in this 

chapter to describe the early condition of the Scamander River’s estuarine reaches, 

to produce a coherent timeline of disturbance events occurring in the early European 

settlement period, and to identify some of their impacts on river morphology. 

Contemporary scientific literature has been used to elucidate the processes involved 

and identify some of the limitations in current understanding.  

Evidence from the time of early European settlement reveals conditions in the lower 

Scamander catchment were typical of estuaries on wave dominated coasts. An 

intermittently-open-and-closed sand barrier, formed shortly after sea level reached 

its present height some 5,000 years ago, modified flow energy. By restricting river 

flow and tidal movement through the opening, the barrier created a low energy 

environment upstream. A shallow basin inland was largely filled with fine sediments 

and retained wood and supported a rich wetland ecosystem. Bedrock in the river 

channel lay more than 16 metres deep; the channel being largely filled with layers of 

gravel and fine sediments, with a narrow, deeper inset channel. Between the barrier 

and the basin, a rocky gorge confined flood flows to a narrow channel, a feature 

which is less typical of such estuaries.  

Commencing in 1865, a series of six bridges were constructed between the gorge 

and the sand barrier and destroyed by natural forces. Their average lifespan of 9 

years was significantly shorter than the 30-year average lifespan of bridges on 
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comparable Tasmanian rivers. Characteristics of the bridge site contributed to flood 

impacts. The fine sediments of the channel bottom were readily destabilised through 

fording at the opening with stock and wagons, and scour around bridge piers. The 

rocky gorge confined flood flows and accumulated flood borne wood upstream of the 

bridge site. The wide basin behind the gorge, largely filled to near or just above sea 

level, became filled with a large volume of water raised above sea level when wood 

accumulated behind bridges. When bridges collapsed under the pressure of 

accumulated wood and water, powerful flows were released, scouring out a deep 

channel and removing the sand barrier at the opening. The repeated occurrence of 

these flows with the collapse of the second, third, fifth and sixth bridges, significantly 

changed the morphology of the opening. Periods of increased tidal flow after floods 

disrupted sediment budgets, and blockage during dry periods disrupted the opening 

regime of the estuary. The frequent blocking of the opening remains a feature of the 

Scamander today, and will be further investigated in Chapter 5 based on 

contemporary community observations. 

Based on contemporary scientific research, processes involved in some of these 

events have been identified from the historical evidence.  The role of various factors 

in these events, and their impact on the Scamander has been induced, and some of 

the limitations of understanding have been identified.  

The literature shows that bridges located at estuarine openings have the potential to 

initiate channel degradation through their impact on tidal flows and sediment 

budgets. Removing the estuarine opening barrier, as occurred with bridge collapse 

on the Scamander, lowers base level at the river’s downstream end. This increases 

flow energy relative to sediment supply, which causes incision to progress upstream 

into a river system, systematically deepening the channel and initiating a lagged 

response which may last for hundreds to thousands of years. Chapters 3 and 4 will 

further investigate evidence for this process in the Scamander. 

Recruitment of riparian trees into flow by bank erosion, as well as increasing flow 

energy and flood peaks resulting from increased channel dimensions are 

consequences of channel incision moving upstream into a catchment. They are 

consistent with the increasing transportation of wood, and the increasing power of 

floods on the Scamander during the period investigated here. Introduction of Teredo 
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navalis to the Scamander about 1910 is a potential further contributing factor to 

reduced residence time of wood, and therefore increased rate of wood recruitment 

into floods. These wood boring molluscs, which reduce wood density and strength, 

invaded many Australian rivers during this period as their larvae are transported as 

adults in wooden ships and in ballast water. 

The characteristics of Eucalyptus sieberi (Ironbark), a dominant species on steep 

rocky slopes of the Scamander, complicate the interactions of wood with flows in the 

Scamander River.  The range of density of Ironbark allows dry wood to float on fresh 

water, while green wood is denser than saltwater, such dense wood travels by rolling 

along the bottom in floods. Along with its straight stem and small crown, this 

characteristic makes Ironbark prone to forming log jams such as occurred at the 

bridges. Such jams may play a significant role in natural river processes of the 

Scamander. 

Eyewitness observations described water moving ‘with the speed and noise of a 

millrace’ in the early stages of destruction of the third bridge. This simple, but 

meaningful observation, provides evidence that supercritical flow was occurring. 

Contemporary literature shows that supercritical flow significantly increases scour 

around bridge piers, and the height to which water builds up behind bridges. This 

provides evidence of more powerful forces acting on the channel and barrier than 

those involved in previous bridge collapses. The usefulness of historical evidence in 

promoting scientific understanding of processes is well illustrated by this example. 

The dynamics of large wood transport in floods and its interaction with bridges are 

currently areas of very active research. Aspects of events on the Scamander, 

including interaction between sediments and wood accumulations at bridges, are 

identified by current leading researchers as requiring further investigation. Recent 

technological advances also reveal aspects of wood behaviour in floods not 

previously described, which provide insights into the behaviour of wood in extreme 

events. These include the movement of large volumes of wood as ‘wood laden flows’ 

and ‘congested wood transport’, processes which appear to have occurred in the 

1929 flood on the Scamander and have only recently been formally described. 

Though the complexities of the events on the Scamander are better understood 

today than when they occurred, the complex interactions between flow, sediments, 
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bridges and the large size and volumes of wood involved in floods on the Scamander 

remain beyond current scientific understanding. 

Geological influences on long term river development and how these make channels 

prone to incision in parts of the catchment are investigated in Chapter 3. The 

interplay between these historical events and the long-term variability of the 

Scamander catchment is considered. 

 

 

 

 



50 

 

2.8 References 
 

Addy, S. & Wilkinson, M. E. 2019. Representing natural and artificial in-channel large wood in 
numerical hydraulic and hydrological models. WIREs Water, 6, e1389. 

Anon. 1875. George's Bay. Mercury, 11 September, p.3. 
Anon. 1876. The Ministerial Scheme of Roads to the Tin Mines. Launceston Examiner (Tas. : 1842 - 

1899), 31 October 1876. 
Anon. 1884a. The Mersey Railway Bridges. Mercury (Hobart, Tas. : 1860 - 1954), 22 August 1884. 
Anon. 1884b. Through Tasmania, No 43. Mercury (Hobart, Tas. : 1860 - 1954), 14 June 1884. 
Anon. 1885. Country News. [from  a correspondent.] Gould's Country. Mercury (Hobart, Tas. : 1860 - 

1954), 05 February 1885. 
Anon. 1889a. Country News. Mercury (Hobart, Tas. : 1860 - 1954), 04 December 1889. 
Anon. 1889b. Falmouth. Mercury (Hobart, Tas. : 1860 - 1954), 04 December 1889. 
Anon. 1889c. The Floods. Mercury (Hobart, Tas. : 1860 - 1954), 30 November 1889. 
Anon. 1890a. Round The East Coast. Launceston Examiner (Tas. : 1842 - 1899), 21 April 1890. 
Anon. 1890b. Ulverstone. Daily Telegraph (Launceston, Tas. : 1883-1928), 03 November 1890   
Anon. 1892a. St. Helens. Mercury (Hobart, Tas. : 1860 - 1954), 29 November 1892. 
Anon. 1892b. St. Marys. Launceston Examiner (Tas. : 1842 - 1899), 12 November 1892. 
Anon. 1897a. Country News. Launceston Examiner (Tas. : 1842 - 1899), 23 April 1897. 
Anon. 1897b. Country News. Launceston Examiner (Tas. : 1842 - 1899), 20 July 1897. 
Anon. 1898. Country News. Launceston Examiner (Tas. : 1842 - 1899), 10 August 1898. 
Anon. 1904. Scamander. Examiner (Launceston, Tas. : 1900 - 1954), 02 September 1904. 
Anon. 1910. Scamander. Examiner (Launceston, Tas. : 1900 - 1954), 30 June 1910. 
Anon. 1911a. Downpour in the  Country. Examiner (Launceston, Tas. : 1900 - 1954), 10 March 1911. 
Anon. 1911b. The Edge of a  Tragedy. Examiner (Launceston, Tas. : 1900 - 1954), 11 March 1911. 
Anon. 1913a. Collapse of  Scamander  Bridge. Zeehan and Dundas Herald (Tas. : 1890 - 1922), 28 

January 1913. 
Anon. 1913b. Current Topics. Examiner (Launceston, Tas. : 1900 - 1954), 10 February 1913. 
Anon. 1913c. Kingston. South Eastern Times (Millicent, SA : 1906 - 1954), 04 February 1913. 
Anon. 1913d. Notes and News. Daily Telegraph (Launceston, Tas. : 1883 - 1928), 13 May 1913. 
Anon. 1913e. Scamander Bridge. Examiner (Launceston, Tas. : 1900 - 1954), 28 January 1913. 
Anon. 1914. Scamander. Daily Telegraph (Launceston, Tas. : 1883 - 1928), 25 March 1914. 
Anon. 1915. Reports from the Country. Examiner (Launceston, Tas. : 1900 - 1954), 04 August. 
Anon. 1923a. Diving on East Coast. Examiner (Launceston, Tas. : 1900 - 1954), 15 December 1923. 
Anon. 1923b. The East Coast. Advocate (Burnie, Tas. : 1890 - 1954), 07 June 1923. 
Anon. 1923c. Storms  and Floods in  Tasmania. Mercury (Hobart, Tas. : 1860 - 1954), 06 June 1923. 
Anon. 1924a. Scamander. Examiner (Launceston, Tas. : 1900 - 1954), 31 May 1924. 
Anon. 1924b. Turpentine Piles. Advocate (Burnie, Tas. : 1890 - 1954), 30 September 1924. 
Anon. 1929a. Scamander Bridge. Mercury (Hobart, Tas. : 1860 - 1954), 08 April 1929. 
Anon. 1929b. Repairing the Damage. North-Eastern Advertiser (Scottsdale, Tas. : 1909 - 1954), 16 

April 1929. 
Anon. 1929c. St. Marys. Examiner (Launceston, Tas. : 1900 - 1954), 11 April 1929. 
Anon. 1929d. Terrible Floods Cause 23 Deaths and Losses to Thousands in Tasmania. Weekly Times 

(Melbourne, Vic. : 1869 - 1954), 13 April 1929. 
Anon. 1933a. Building a lasting bridge - difficulties at Scamander - many structures since 1865. 

Examiner, Sunday 31 October, p.10. 
Anon. 1933b. Scamander Bridge Hearings St. Helens. Mercury (Hobart, Tas. : 1860 - 1954), 20 

November 1933. 
Anon. 1935. Scamander Bridge History of failure. Mercury (Hobart, Tas. : 1860 - 1954), 12 December 

1935. 



51 

 

Appelqvist, C., Al-Hamdani, K., Jonsson, P. R. & Havenhand, J. N. 2015. Climate Envelope Modeling 
and Dispersal Simulations Show Little Risk of Range Extension of the Shipworm, Teredo 
navalis (L.), in the Baltic Sea. PLOS ONE [Online]. Available: 
https://doi.org/10.1371/journal.pone.0119217. 

Arneson, L. A., Zevenbergen, L. W., Lagasse, P. F. & Clopper, P. E. 2012. Evaluating Scour at Bridges. 
In: US DEPARTMENT OF TRANSPORT, F. H. A. (ed.) 5 ed. 

Boulton, A. J. & Brock, M. A. 1999. Australian Freshwater Ecology, Glen Osmond SA, Gleneagles 
Publishing. 

Brooks, A. P. & Brierley, G. J. 2002. Mediated equilibrium: The influence of riparian vegetation and 
wood on the long-term evolution and behaviour of a near-pristine river. Earth Surface 
Processes and Landforms, 27, 343-367. 

Brooks, A. P., Brierley, G. J. & Millar, R. G. 2003. The long-term control of vegetation and woody 
debris on channel and flood-plain evolution: insights from a paired catchment study in 
southeastern Australia. Geomorphology, 51, 7-29. 

Chippendale, G.M. 1988. Volume 19, Myrtaceae, Eucalyptus, Angophora, in ‘Flora of Australia’, 
Australian Government Publishing Service. Canberra. 

Comiti, F., Lucía, A. & Rickenmann, D. 2016. Large wood recruitment and transport during large 
floods: A review. Geomorphology, 269, 23-39. 

Croke, J. What did we learn from the Lockyer Valley 2011 Flood?  Lessons and Opportunities from 
the Big Flood Project.  Floodplain Management Australia Annual Conference 2017, 2017 
Newcastle. 

Dawson, W. Circa 1844. Map - Cornwall 74 - Scamander River, Paddy's Island, Scamander Tier. 
Archives Office of Tasmania. 

Dawson, W. Unknown. Cornwall Lot 126 - Anthony Fenn Kemp, Purchaser. 
De Cicco, P. N., Paris, E., Ruiz-Villanueva, V., Solari, L. & Stoffel, M. 2018. In-channel wood-related 

hazards at bridges: A review. River Research and Applications, 34, 617-628. 
Didžiulis, V. 2011. NOBANIS - Invasive Alien Species Fact Sheet - Teredo navalis [Online]. European 

Network on Invasive Alien Species. Available: www.nobanis.org [Accessed 24/06/2017 
2017]. 

El-Alfy, K. S. 2009. Backwater Rise Due to Flow Constriction by Bridge Piers. Thirteenth International 
Water Tecchnology Conference, IWWTC 13. Hurghada, Egypt. 

Evans, C. 2012. ‘Antipodean England’? A History of Drought, Fire and Flood in Tasmania from 
European Settlement in 1803 to the 1960s. Doctor of Philosophy, University of Tasmania. 

Fearman, L. P. 2017. Bridging the Scamander - a most treacherous river. The Tasmanian Historical 
Research  Association - Papers and Proceedings, 64, 44-57. 

Finlayson, B. & Mcmahon, T. A. 1988. Australia vs the world: a comparative analysis of streamflow 
characteristics. In: WARNER, R. J. (ed.) Fluvial Geomorphology of Asutralia. Sydney: 
Academic Press. 

Forest & Wood Products Australia Ltd (Fwpa). 2013. Available: 
https://www.woodsolutions.com.au/Wood-Species/silvertop-ash [Accessed]. 

Gallagher, S., Turner, R. & Berg, C. 1981. Physiological aspects of wood consumption, growth, and 
reproduction in the shipworm Lyrodus pedicellatus Quatrefages (Bivalvia: Teridinidae.). 
Journal of Experimental Marine Biology and Ecology, 52, 65-77. 

Gordon, N. D., Mcmahon, T. A., Finlayson, B., Gippel, C. J. & Nathan, R. J. 2004. Stream Hydrology: an 
introduction for ecologists, Chichester, John Wiley & Sons Ltd. 

Gschnitzer, T., Gems, B., Mazzorana, B. & Aufleger, M. 2017. Towards a robust assessment of bridge 
clogging processes in flood risk management. Geomorphology, 279, 128-140. 

Gurnell, A. M., Piégay, H., Swanson, F. J. & Gregory, S. V. 2002. Large Wood and Fluvial Processes. 
Freshwater Biology, 47, 19. 



52 

 

Hancock, G. R. & Willgoose, G. R. 2014. Transient landscapes: gully development and evolution using 
a landscape evolution model. Stochastic Environmental Research and Risk Assessment, 28, 
83-98. 

Heritage, T. a. A. 1878. Plan - Scamander Bridge. In: WORKS, P. (ed.). 
Holbrook, J., Scott, R. W. & Oboh-Ikuenobe, F. E. 2006. Base-Level Buffers and Buttresses: A Model 

for Upstream Versus Downstream Control on Fluvial Geometry and Architecture Within 
Sequences. Journal of Sedimentary Research, 76, 162-174. 

Honein, K., Kaneko, G., Katsuyama, I., Matsumoto, M., Kawashima, Y., Yamada, M. & Watabe, S. 
2012. Studies on the Cellulose-Degrading System in a Shipworm and its Potential 
Applications. Energy Procedia, 18, 1271-1274. 

Idler, B. 1891a. The "Bone-Idler" at the Scamander: The Bridge IV. Sydney Morning Herald (NSW : 
1842 - 1954), 05 September 1891. 

Idler, B. 1891b. The "Bone-Idler" at the Scamander: The Cutting III. Sydney Morning Herald (NSW : 
1842 - 1954), 29 August 1891. 

Kench, P. S. 1999. Geomorphology of Australian estuaries: Review and prospect. Australian Journal 
of Ecology, 24, 367-380. 

Lake, P. S., Barmuta, L. A., Boulton, A. J., Campbell, I. C. & St. Clair, R. M. 1986. Australian streams 
and Northern Hemisphere stream ecology: comparisons and problems. Proceedings of the 
Ecological Society of Australia, 14, 61-82. 

Lam, D., Thompson, C. & Croke, J. 2016. Improving at-site flood frequency analysis with additional 
spatial information: a probablistic regional envelope curve approach. Stochastic 
Environmental Research and Risk Asessment 1-21. 

Lam, D., Thompson, C., Croke, J., Sharma, A. & Macklin, M. 2017. Reducing uncertainty with flood 
frequency analysis: The contribution of paleoflood and historical flood information. Water 
Resources Research, 53, 2312-2327. 

Meteorology, B. O. 2016. Special Climate Statement 54: extreme rainfall in northern and eastern 
Tasmania. In: METEOROLOGY, B. O. (ed.). Australian Government. 

Müller, J. M., Denchfield, S., Marth, R. & Shelmerdine, B. 2007. Stream Wheels for Applications in 
Shallow and Deep Water [Online]. Semantic Scholar. Available: 
https://www.semanticscholar.org/paper/Stream-wheels-for-applications-in-shallow-and-
deep-Mueller-Denchfield/3f10cfb311e46ade9aab674e9e5b536373d09250 [Accessed 
25/11/2019 2019]. 

Naylor, L. A., Spencer, T., Lane, S. N., Darby, S. E., Magilligan, F. J., Macklin, M. G. & Möller, I. 2017. 
Stormy geomorphology: geomorphic contributions in an age of climate extremes. Earth 
Surface Processes and Landforms, 42, 166-190. 

Ozcoasts. 2015. Wave-dominated estuaries [Online]. OzCoasts, Geoscience Australia. Available: 
http://www.ozcoasts.gov.au/conceptual_mods/geomorphic/wde/wde.jsp [Accessed]. 

Ozcoasts. 2015-2017. Tide-dominated estuaries [Online]. Commonwealth Scientific and Industrial 
Association (CSIRO). Available: https://ozcoasts.org.au/conceptual-diagrams/science-
models/geomorphic/tde/ [Accessed 24/11/2019 2019]. 

Paalvast, P. & Van Der Velde, G. 2013. What is the main food source of the shipworm (Teredo 
navalis)? A stable isotope approach. Journal of Sea Research, 80, 58-60. 

Pietsch, T. & Nanson, G. C. 2011. Bankfull hydraulic geometry; the role of in-channel vegetation and 
downstream declining discharging in the anabranching and distributary channels of the 
Gwydir distributive fluvial system, southeastern Australia. Geomorphology, 129, 1085-1101. 

Ravazollo, D., Mazzorana, B., Mao, L. & Ruiz Villanueva, V. 2017. Brief Communication: the curious 
case of the large wood-laden flow event in the Pocuro stream (Chile). Research Gate. 

Reul, N., Tenerelli, J., Paul, F., Boutin, J., Fournier, S. & Archer, O. 2017. Sea Surface Salinity - 
Definition and units [Online]. Centre Aval de Traitement des Données SMOS. Available: 
http://www.salinityremotesensing.ifremer.fr/sea-surface-salinity/definition-and-units 
[Accessed 14/12/2019 2019]. 



53 

 

Rimon, W. 2006. The companion to Tasmanian History - Floods [Online]. Centre fro Tasmanian 
Historical Studies, University of Tasmania. Available: 
http://www.utas.edu.au/library/companion_to_tasmanian_history/F/Floods.htm 
[Accessed]. 

Roy, P. S., Williams, R. J., Jones, A. R., Yassini, I., Gibbs, P. J., Coates, B., West, R. J., Scanes, P. R., 
Hudson, J. P. & Nichol, S. 2001. Structure and Function of South-east Australian Estuaries. 
Estuarine, Coastal and Shelf Science, 53, 351-384. 

Ruiz-Villanueva, V., Piégay, H., Gurnell, A. M., Marston, R. A. & Stoffel, M. 2016a. Recent advances 
quantifying the large wood dynamics in river basins: New methods and remaining 
challenges. Reviews of Geophysics, 54, 611-652. 

Ruiz-Villanueva, V., Piégay, H., Gurnell, A. M., Marston, R. A. & Stoffel, M. 2016b. Recent advances 
quantifying the large wood dynamics in river basins: New methods and remaining 
challenges. Reviews of Geophysics, 54, 2015RG000514. 

Ruiz-Villanueva, V., Wyżga, B., Hajdukiewicz, H. & Stoffel, M. 2016c. Exploring large wood retention 
and deposition in contrasting river morphologies linking numerical modelling and field 
observations. Earth Surface Processes and Landforms, 41, 446-459. 

Ruiz Villanueva, V., Bladé Castellet, E., Díez-Herrero, A., Bodoque, J. M. & Sánchez-Juny, M. 2014a. 
Two-dimensional modelling of large wood transport during flash floods. Earth Surface 
Processes and Landforms, 39, 438-449. 

Ruiz Villanueva, V., Bladé, E., Sánchez-Juny, M., Marti-Cardona, B., Diez-Herrero, A. & Bodoque, J. M. 
2014b. Two-dimensional numerical modeling of wood transport. Journal of 
Hydroinformatics, 16.5, 1077-1096. 

Seo, J. I., Nakamura, F. & Chun, K. W. 2010. Dynamics of large wood at the watershed scale: A 
perspective on current research limits and future directions. Landscape and Ecological 
Engineering, 6, 271-287. 

Short, A. D. 2010. Sediment Transport around Australia—Sources, Mechanisms, Rates, and Barrier 
Forms. Journal of Coastal Research, 395-402. 

Simon, A. & Rinaldi, M. 2006. Disturbance, stream incision, and channel evolution: The roles of 
excess transport capacity and boundary materials in controlling channel response. 
Geomorphology, 79, 361-383. 

Spicer, J. I. & Strömberg, J. O. 2003. Metabolic responses to low salinity of the  shipworm Teredo 
navalis. Sarsia, 88, 302-305. 

Stanley, C. E. 1849. Encampment on the Scamander, near Falmouth Van D's Land. 
Thom, B. G. 1983. Transgressive and regressive stratigraphies of coastal  sand barriers in southeast 

Australia. Marine Geology, 56, 137-159. 
Twelvetrees, W. H. 1911. The Scamander Mineral District. Tasmanian Geological Survey. 
Us Department of Transport, F. H. A. 2001. Evaluating scour at bridges. Hydraulic Engineering 

circulars. United States Department of Transport, Federal Highways Administration. 
Walter, R. & Merritts, D. 2008. Natural Streams and the Legacy of Water-Powered Mills: Supporting 

Online Materials. Science, 319. 
Webb, A. A. & Erskine, W. D. 2003. Distribution, recruitment, and geomorphic significance of large 

woody debris in an alluvial forest stream: Tonghi Creek, southeastern Australia. 
Geomorphology, 51, 109-126. 

Wiltshire, R. & Potts, B. 2007. EucaFlip: life size guide to the eucalypts of Tasmania. . In: FORESTRY, S. 
O. P. S. U. O. T. A. C. F. (ed.). Hobart: School of Plant Sciences University of Tasmania and 
CRC for Forestry. 

Wohl, E. 2017. Bridging the gaps: An overview of wood across time and space in diverse rivers. 
Geomorphology, 279, 3-26. 

Wohl, E., Cenderelli, D. A., Dwire, K. A., Ryan-Burkett, S. E., Young, M. K. & Fausch, K. D. 2010. Large 
in-stream wood studies: a call for common metrics. Earth Surface Processes and Landforms, 
35, 618 to 625. 



54 

 

Chapter 3: The influence of geological controls in contrasting 
sub-catchments: The Scamander and Avenue Rivers above 
Riversmeet 
 

3.1 Introduction 
 

The aim of this chapter is to explore boundary conditions that promote variability in 

channel character and susceptibility to incision by comparing the Scamander River’s 

headwater catchment with its main tributary, the Avenue River, above their junction. 

(Figure 3.1). The sub- catchments are similar in area and maximum flow length 

above this junction, but the Scamander is dominated by granite lithology, and the 

Avenue by Mathinna Group Sedimentary Rocks. 

Geological controls, including lithology, set the boundary conditions within which 

rivers operate, providing the background against which climatic and other factors act 

to influence river character and behaviour (Brierley, 2010). Lithostructure is a 

geomorphic control identified as significant for Tasmanian Rivers (Jerie et al., 2003), 

and the variable distribution of lithology within the Scamander catchment has the 

potential to influence channel form and flow behaviour. Granite dominates the 

Scamander’s upper reaches, and Mathinna Group sedimentary rocks dominates the 

Avenue. These two lithologies are subject to very different weathering processes, 

which result in different channel forms and breakdown products which interact 

differently with flow. Describing geological variability and analysing its potential 

impact on river behaviour is a key step in assessing a river’s sensitivity to degrading 

impacts, and its trajectory of change in response to degrading influences (Fryirs, 

2017). The Scamander has a complex geological history, and influence on river 

behaviours needs to be considered as an initial step in applying the ‘Reading the 

Landscape’ approach (Brierley et al., 2013) which will be used further in Chapter 4. 

Understanding the processes that operate in rivers on these different lithologies will 

also assist in interpreting the Scamander’s response to the historical disturbances 

described in Chapter 2. 
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The objectives of this chapter are to: 

1. Describe variability in channel characteristics and examples of geological 

control within the Scamander and the Avenue Rivers above their junction at 

Riversmeet, based on field observation supported by desktop analysis.  

2. Apply geographic information systems (GIS) analysis to quantify the 

distribution of lithology within the area of the two sub-catchments and along 

their main channels. 

3. Compare stream network metrics in the Scamander and Avenue sub-

catchments to assess their relative contribution to flow in the catchment. 

4. Extract slope distribution in near stream zones, using a system of buffers 

based on stream Strahler orders, and investigate its relationship with lithology 

distribution as an indicator of channel incision in lower order streams. 

5. Discuss the relationship between channel character and lithology, and its 

significance for long term flow behaviour and sensitivity to disturbance. 

3.2 Background 
 

3.2.1 Influence of geology in the Scamander Catchment 
 

Tasmania’s complex geological history has produced highly varied landscapes within 

a relatively small area, with variability within Tasmania’s river catchments such as 

the Scamander River (Figure 3.1). The Scamander River’s geological history has 

long been recognised as complex (Twelvetrees, 1911, Thureau, 1886, Montgomery, 

1893, Walker, 1957). A summary of relevant aspects of Tasmania’s geological 

history, based on recent studies of geology and sea level change (Table 3.1) 

provides background for controls operating in the Scamander River catchment. 

Mathinna Group rocks are the oldest in the Scamander catchment. Formed when 

eastern Tasmania may have been separated from the rest of the island (Seymour et 

al., 2007) they were deposited as a sedimentary sequence below sea level around 

450 MY (Corbett, 2019). Different proportions of sandstone, siltstone and mudstone 

make up interbedded layers with different depths and different grain sizes (Turner 

and Calver, 1987). This gives the layers different properties, including erosion 

resistance. 
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Figure 3.1: Map of geology distribution in the Scamander River catchment: showing location of the 

catchment in the northeast of Tasmania and the Scamander and Avenue sub-catchments with their junction 

at Riversmeet. Granite is prevalent within the headwaters of the Scamander, and absent from the upper 

reaches of the Avenue.  
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Compressional folding occurred during the Tabberabberan Oregeny about 380 

million years ago in the Devonian Period (Corbett, 2019). Tectonic movements in 

eastern Australia caused granite, an igneous rock differentiated into various forms 

(McClenaghan et al., 1992), to intrude into the folded sedimentary layers. All rocks in 

proto-Tasmania, which was part of Gondwana at that time, were affected and are 

now called the ‘old folded rocks’ by geologists (Corbett, 2019). These rocks can be 

recognised by their folded and tilted layers, some of which are hardened and erosion 

resistant. A period of very active erosion followed from 350 to 300 MY (million years 

ago). A period of very active erosion followed from 350 to 300 MY which exposed 

granite in the catchment and eroded the Mathinna Group rocks to a plateau.  

In the southern part of the Scamander catchment, the Avenue River has developed a 

trellised drainage pattern in V-shaped valleys over Mathinna Group rocks, its path 

influenced by jointing and faulting that are structural features of these rocks 

(McClenaghan et al., 1992). Remnants of Permian sedimentary rocks and dolerite 

form mountain tops within the southern boundary of the Avenue catchment (Turner 

and Calver, 1987). The sedimentary rocks were formed 300 to 200 MY ago and 

remain in a horizontal position as Tasmania has been relatively tectonically inert 

since their formation (Corbett, 2019). A horizontal layer of extruded dolerite, an 

igneous rock formed during the Jurassic, lies over these (Turner and Calver, 1987). 

The dolerite formed between layers of sedimentary rocks, the upper layers of which 

were eroded between 150 and 70 MY ago during the Cretaceous (Corbett, 2019).  

The headwaters of the Scamander flow over granite lithology, in an area whose relief 

is less rugged (McClenaghan et al., 1992). Its channels are shallow and resistant 

layers of Mathinna Rock influence its planform (Jennings, 1968). 

Glacial periods beginning 2.4 MY caused sea levels to fluctuate, up to 20m above 

and 130m below current levels (Corbett, 2019). At some time during its development, 

the lower channels of the Scamander River flowed at a higher level, through 

Millstream Arm and Hendersons Lagoon, to enter the sea near Falmouth (Jennings, 

1968, Twelvetrees, 1911, Walker, 1957). Changes in sea level impact on river 

development changing base level controls, influencing flow energy in channels. 
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TABLE 3.1: TASMANIA’S GEOLOGICAL HISTORY AND THE SCAMANDER RIVER CATCHMENT.  
 

 

Geological timeline 

 

Geological events 

 

Significance for Scamander River 

 

11,700 Y. to present 

Holocene 

 

Sea level still stand from 5,000 B.P. 

By 11,700 Y most of last glacial ice has melted. 

 

Barrier is formed at river opening; river valley is submerged, reduced 

flow energy causes aggradation in channels and deposition in basin, 

channels are influenced by higher flow volumes. 

 

 

2.5 MY to 12,000 Y. 

Pleistocene Ice Age 

 

 

Alternating glacial and interglacial periods (at least 5 

in Tasmania) – Sea level rises to +20 and falls to -130m 

relative to current levels Penultimate interglacial 

reaches sea levels slightly higher than today. 

2.4 MY Most extensive glacial phase in Tasmania. 

 

 

Alternating periods of base level fall induce channel incision and base 

level rise promote aggradation and floodplain deposition.  Coarse 

bouldery deposits are formed along coastal cliffs well above present 

sea level, still partly preserved today. 

 

140-50 MY 

Tertiary 

 

Rift Valleys form as Tasmania tears away from 

Antarctica. 

 

Oyster Bay Graben, a trench extending from St Helens to Maria Island, 

forms and fills with sediments and rock debris. 
 

140-70 MY 

Cretaceous erosion 

 

Kilometre scale erosion of overlying sedimentary 

rocks exposes dolerite mountain caps and tops of 

granite bodies. 

 

 

Erosion exposes dolerite mountain caps in southern part of Avenue 

catchment and tops of granite bodies in north-western part of 

Scamander catchment. 

 

180 MY 

Jurassic 

 

Dolerite intrudes – as magma rises through cracks and 

spreads laterally over and between existing rocks as 

Gondwana breaks up. 

 

 

Remnant of Dolerite intrusion into Permian sediments form tops of 

ridges at southern edge of Avenue catchment. 
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300-200 MY 

Triassic 

Permian 

 

Sedimentary rocks are laid over existing layers –  

Triassic – formed on floodplains of large rivers 

Permian – formed under shallow seas        

 

Sedimentary rocks provide materials for erosion and sediment 

deposition. Remnants of Permian sediments cap eroded surface of 

mainly Mathinna rocks in upper Avenue area.  

 

300 MY 

Ice Age  

 

Unknown extent of glacial impact 

 

 

350-300 MY 

Carboniferous Erosion 

 

Major period of erosion by rivers and by large glaciers, 

wears down mountains, producing ‘unconformity’ – a 

gap in Tasmania’s geological record 

 

Two different lithologies are exposed as ‘old folded rocks’ are eroded 

to a plateau and granite is exposed. These two lithologies will form 

contrasting sub-catchments. 

 

380-350 MY 

Late Devonian 

 

A series of granite intrusions into the folded Mathinna 

Group rocks occur in the late Devonian. 

 

Granite dikes intrude into Scamander catchment.  

 

410 – 380 MY  

Middle Devonian 
 

 

Tabberabberan Oregeny - Continental collision 

beyond Proto-Tasmania causes major period of 

mountain building, which folds and hardens all 

existing rock layers, (Mathinna Group become ‘old 

folded rocks’) 

 

Mathinna Group rocks are folded and hardened to form most of the 

Scamander and Avenue catchments. Uplifted layers will influence 

channel planform of the river. 

 

435-410 MY  

Silurian 

 

Mathinna Group Rocks are deposited as sedimentary 

layers of sandstone, siltstone, and slate under shallow 

to deep seas. 

 Lower crust of eastern Tasmania <1,000 MY  

 

Sedimentary layers prone to vertical incision form the base of what 

will become Scamander and Avenue catchments. 

 

Adapted from (Corbett, 2019) with input from (Seymour et al., 2007, Black et al., 2004, Morrison and Ellison, 2017, Ellison, 2017) 
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Rising base levels reduce flow energy, causing channels to build up sediments 

(aggradation) while falling sea levels increase flow energy causing channels to incise 

(degradation), and incision to travel upstream into tributaries (Simon and Rinaldi, 

2006). These conditions exposed the Scamander River to long term cycles of 

channel incision followed by deposition of sediments. 

Evidence of incision travelling upstream in the Avenue catchment occurs at the 

boundary between the South Esk and Barnes Creek tributary to the Avenue 

(McClenaghan et al., 1992). A basalt saddle of unknown age, with elevation of 269m 

is only 20-25m above the South Esk, which is 3.3 Km away.  The South Esk has a 

low gradient of 1:250, compared to Barnes Creek’s much steep gradient of 1:30. 

Barnes Creek’s headwaters is intruding into the alluvial plain of the South Esk 

making it ‘geologically imminent’ that the South Esk River will be captured by Barnes 

Creek, and diverted to the sea at Scamander (McClenaghan et al., 1992).  

The relative tectonic stability of the Australian region has resulted in many studies of 

post-glacial sea level change being done on this continent. The influences on sea 

level are complex and estimates of past sea levels and rates of change are 

continuously being refined. Recent research shows that timing and elevation of 

Holocene high-stand is variable around Australia’s margins (Lewis et al., 2013).  A 

recent study of Holocene sea levels in south-eastern Tasmania  revealed that a 

period of rapid and erosive sea level rise from 120 to 130 m below present levels 

occurred up to 7,000 BP (years before present), the rate slowed from 20m upwards 

(Morrison and Ellison, 2017) to become a very slow rate after 2500 BP. 

Understanding of sea level change on the eastern coast of Tasmania continues to 

improve, but there is consensus that relatively high sea levels have existed in the 

area for at least five thousand years 

 

3.2.2 Weathering and river channels 
 

Due to differences in the way surface rocks weather, lithology has a strong influence 

on channel form. In the Scamander catchment, granite and Mathinna Group 

sedimentary rocks are the main lithologies (Figure 3.1) that have been exposed by 

periods of prolonged erosion in the past. Reduced pressure, presence of water and 
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chemically available oxygen promote breakdown of rock through both physical and 

chemical weathering once they reach the Earth’s surface (Nelson, 2011). Rocks 

weather in different patterns, influencing the shape and size of breakdown products 

and the character of streams. 

In Mathinna Group sedimentary rocks, bedding planes between the different layers 

can be easily pulled apart, by expansion due to cooling or relief of pressure (Nelson, 

2011). Water and oxygen penetrate rapidly into these openings, causing thermal and 

chemical weathering to be concentrated along the layers, breaking rocks apart (Lech 

and Trewin, 2013). The folding and lifting into vertical orientation that Mathinna 

Group rocks underwent during the Taberraberran Oregeny (Corbett 2019:80-83) 

created a complex 3-dimensional pattern of variably resistant layers, which 

complicates the pattern in which these weaknesses develop. Pressure and heating 

also cause rocks to form cleavages in the direction of least stress, which is 

perpendicular to the pressure being applied. These rocks then have weaknesses 

due to layering, and perpendicular weaknesses due to squeezing, so that they 

readily break apart into rectangular blocks (Lech and Trewin, 2013). These 

disintegrate further into cobbles and gravel, then fine sediments which travel as 

suspended load (Butler, 1995).  

Very different patterns occur for the weathering of granite (Lech and Trewin (2013), 

which has fault lines allowing large block formation when uncovered by unloading, 

but without regular planes of weakness. Changing temperatures, including seasonal 

extremes and those due to fire, cause differential expansion and contraction bringing 

surface cracks into which rainwater penetrates to cause exfoliation. Quartz is the 

more resilient mineral in granite, while feldspar undergoes chemical weathering, to 

release quartz crystals as coarse sand (Butler, 1995).  

These differences in rock weathering produce streams with different channel 

characteristics. In regions where sedimentary rocks dominate, rivers cut down along 

joints, faults, and weaker layers to form gorges (Lech and Trewin, 2013). More 

resistant layers remain exposed as outcrops that influence channel form. Slower 

weathering in granite produces rounded boulders of varying sizes and sand (Butler, 

1995). Boulders deposited in channels can shut down incision processes for 

millennia (Sklar and Dietrich, 2004).  
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Interaction between the different breakdown products and flowing water also 

influences channel form. Quartz sand from granite is hydraulically deposited in 

channels, providing anchorage for vegetation, and contributing to channel variability 

(Simon and Rinaldi, 2006). Rock fragments from sedimentary rocks move as 

bedload, their movement is initiated when flow velocity reaches a threshold which 

depends on their size. When shear stress is high enough to lift rock fragments, but 

not to keep them suspended in the flow, they ‘skip’ along the bottom, impacting 

frequently with the channel bed in a process called saltation (Ali and Dey, 2019).  

Abrasion by saltation is the key process in erosion of river channels into bedrock 

(Sklar and Dietrich, 2004). Rock fragments abrade on impacting the channel bed and 

sides or can protect the bedrock surface when there are too many rocks to be 

mobilised by the flow. Erosion by saltating rock fragments is most efficient when the 

channel has enough flow energy to mobilise fragments, and fragments in motion 

rather than armouring the channel bed. Impact of fragments with channel sides 

extends and enlarges fractures along planes of weakness, exposing fresh surfaces 

to weathering and enabling fragments plucking by moving water (Whipple et al., 

2000). Abrasion reduces as rock particles are broken down, selectively transported 

by flow in the channel, and sorted. Coarse sediments delivered by steep low order 

tributaries re-supply mixed bedload fragments needed to maintain the process (Sklar 

and Dietrich, 2004). Saltating bedload has the greatest effect on the base of the 

channel bed, so rock types like the Mathinna Group that produce fragments and are 

prone to this process, with deep incision of channels.  

In rivers where bedrock confinement is dominant the interaction between resistance 

of lithology and erosive processes determines channel morphology (Fryirs et al., 

2016). The influence of the different weathering processes associated with granite 

and Mathinna Group rocks will therefore be investigated in the channels of the 

Scamander and Avenue above their junction where bedrock control is most 

prominent. The influences of sea level change over geological time scales, and the 

downstream disturbance in its post European catchment history (Ch2), can be 

expected to have initiated incision in channels of the Scamander River. The differing 

response of its two dominant lithologies, can be expected to have influenced the 

development of channels. This is investigated by research in two contrasting sub-

catchments of the Scamander River.  
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3.2.3 River evolution and the process of degradation 
 

Geomorphologists describe river channel incision using longitudinal profiles (a plot of 

elevation vs distance from the headwaters) and cross sections (depth of channel 

along a transect perpendicular to its path) (Gordon, McMahon et al. 2004 p64; 88). 

Changes in channel profiles occur as channels adjust to changes in boundary 

conditions. Both base level fall and tectonic uplift increase the transporting power of 

water relative to available sediment supply, causing vertical incision into the channel 

bed (Simon and Rinaldi, 2006). Such river degradation differs from temporary scour 

and fill because shear stresses exceed the cohesion of bedrock substrates, and the 

channel bed is lowered by erosion (Heine and Lant, 2009). These changes 

propagate systematically through the drainage network (Whipple and Tucker, 1999) 

causing incision of tributaries into previously non-incised surfaces upstream (Simon 

and Rinaldi, 2006). By contrast changes that reduce transporting power, such as sea 

level rise cause aggradation as sediments excess to transport capacity accumulate 

in channels and on floodplains. Landform impediments, including granite bedrock 

steps and valley constriction by bedrock channel walls, reduce the rate at which 

incision moves through catchments by reducing the accessibility of sediments to 

entrainment in flow (Fryirs et al., 2007).  Various forms of anthropogenic disturbance 

can also initiate systematic lowering of bed level that spreads throughout a river 

system at a more rapid rate than the natural process, making channel incision a key 

feature of dis-equilibrated river systems (Simon and Rinaldi, 2006). 

The process of vertical incision in response to disturbance, shown by Simon and 

Rinaldi (2006) to differ in the way it is expressed in different river systems, can be 

expected to be influenced by the unique relationship between impelling and resisting 

forces in Australian rivers. Repeated cycles of base level rise and fall associated with 

the Permian and Pleistocene Ice Ages, and long-term changes in rainfall patterns, 

have influenced river evolution in Tasmania. As a result, the balance between these 

strong impelling forces and complex resisting forces has been subjected to repeated 

fluctuations. 
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3.2.4 Geographic Information Systems (GIS) in studying river systems 

Spatial analysis methods in geographic information systems continuously improve 

our capacity to measure complex landscape features, contributing to many fields of 

science. Stream power maps derived entirely from digital elevation models (DEM’s) 

assist river managers in evaluating erosion potential (Vocal Ferencevic and 

Ashmore, 2012) and contribute to assessment of stream habitats (Flores et al., 

2006). Some of this centuries most compelling geomorphic discoveries, including 

identifying new landforms, result from the use of LiDAR along with targeted field 

observations (Roering et al., 2013).  

Roering et al. (2013) propose that LiDAR and GIS are modifying the way 

geomorphologists conceptualise natural landscapes. They provide evidence that the 

change from field techniques for documenting topography, to LiDAR based 

technologies has ‘enabled a more than two orders of magnitude increase in 

topographic information’. LiDAR’s precision and high resolution provide large sample 

sizes of precise point measurements which can be statistically analysed to reveal 

connections between Earth surface characteristics and the processes that create 

them.  

The application of these techniques has the potential to improve understanding of 

the complexity and variability of river landscapes. In this study, GIS assists in 

overcoming accessibility limitations in Scamander’s rugged terrain. It provides 

additional perspectives based on measurement that compare sub catchments and 

others that extract near stream zones for closer observation of significant 

characteristics.  
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3.3 Methods 
 

3.3.1 Field observations 
 

Field observations of the Scamander River were carried out to describe channel 

characteristics and assess geomorphic conditions following the River Styles 

Framework. Rugged terrain, heavily vegetated channels and poor condition of many 

gravel roads make much of the Scamander River difficult to access.  Maintenance of 

roads during 2017 and 2018, after some years of neglect, improved access to parts 

of the catchment. Field excursions were carried out from January to June 2019.  

Appendix 3 illustrates channels that were accessed, based on Global Positioning 

System tracking with a Garmin GPSMap78 and a GPSmap76SCx during field visits.  

Geographic information system (GIS) analysis was used to investigate the 

relationship between lithology and stream incision throughout the two catchments. 

As an indicator of stream incision, slope distribution near streams was extracted from 

a 2m resolution digital elevation model using a buffer system based on Strahler 

stream orders. This comparison of the two sub-catchments was carried out with 

ArcGIS software based on a 2m resolution digital elevation model (DEM) of the 

Scamander catchment (Spatial Reference: GDA 1994 Transverse Mercator, Scale 

factor 0.9996; Unit: “Meter”1.0, XY tolerance 0.001) provided by Forestry Tasmania 

in 2015.  

Slope distribution within stream orders was compared for areas of different lithology. 

These were related to channel characteristics that impact on flow behaviour, 

assessed through field observation. Channel characteristics included cross sectional 

form and roughness, bedload character and sediment input from tributaries. 

Evidence was compiled photographically, focussing on channel form and associated 

characteristics that influence flow energy.  

3.3.2 Use of GIS to quantify lithology distribution 

Geographic information systems analysis was performed with ArcGIS 10.6 and 10.7, 

including spatial analyst and Arc Hydro tools. A digital elevation model based on 

bare earth returns allows the location and form of channels to be well defined even 

where channels are inaccessible due to vegetation and rugged terrain. From data 
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derived from a DEM, various aspects of landscape character can be compared. In 

this analysis, lithology distribution has been quantified for the Scamander and 

Avenue above their junction. Channel character has been compared, based on a 

derived slope raster, for different stream orders and lithologies within the Scamander 

and Avenue Rivers above their junction. 

A map of lithology distribution in the Scamander and Avenue catchments (Figure 

3.1) has been derived from Mineral Resources Tasmania’s 1:250,000 Geological 

Map of Northeast Tasmania (Calver et al., 2011). Analysis of area distribution is 

based on a 2m resolution digital elevation model (DEM) of the Scamander 

catchment provided by Forestry Tasmania in 2015. Analysis was performed with 

ArcGIS 10.6 and 10.7, using spatial analysis and Arc Hydro tools in ArcMap.  

To extract percentage distribution of lithology for each catchment above their 

junction a Watershed Polygon was created with Arc Hydro tools and used with the 

Clip tool to extract each catchment area (Figure 3.2). A polygon shapefile was 

created in Arc Catalogue, imported to the map, and polygons were manually 

digitised for each rock type using the Edit tools with Snapping to trace the geological 

map polygon boundaries. An Area field was added to the polygon shapefile’s 

Attribute Table, and Calculate Geometry was used to calculate the area of the 

polygons. The table was Exported as a Database file, and converted to Excel using 

the Conversion, Table to Excel tool. The lithology group field was used to sort the 

table, and the total area calculated in Excel for each required rock type within each 

of the sub-catchments. An integer DEM was prepared from the original floating point 

2 metre resolution DEM using Raster Calculator with the expression  

Int(((scamd_demgrd) +0.005) *100) 

The resulting raster’s prj. file was opened using File Manager, and the z units 

updated by typing 0.01 in front of METERSZUNITS, and save the file, to ensure the 

correct relationship between vertical and horizontal units. 
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Figure 3.2: Flow chart of method for data extraction for sub-catchments: Beginning with a flow direction raster developed from the DEM, and 

digitised pour points defining outlets of the two sub-catchments, a watershed polygon is derived. This is used to extract required data 
from raster using the Mask Tool, and from vector files using Clip. 
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Planimetric area of the sub-catchments was calculated from the integer DEM and 

converted to a percent of the total area, which had been similarly derived from the 

area of the whole watershed polygon.  

Area ratio is derived using the Area Ratio tool from Jenness (2013). It forms eight 

triangles from the elevation of a central cell, and those of eight surrounding cells, and 

calculates that part of their area that lies above the central cell. This is divided by the 

area of the central cell itself to produce a ratio of topographic to planimetric area. 

Planimetric Area, Topographic Area and Area Ratio were derived for the Scamander 

above Riversmeet and Avenue sub-catchments. All area measurements are 

presented in Table 3.2 in Results and Discussion.  

3.3.3 Preparing a hydrologically correct DEM 

 

This analysis was based on a 2m resolution digital elevation model (DEM) of the 

Scamander catchment provided by Forestry Tasmania in 2015. Analysis was 

performed with ArcGIS 10.6 and 10.7, including Arc Hydro tools.  

To ensure the DEM is hydrologically correct, the terrain pre-processing method of 

Gartner (2016) was followed, with some modifications. Given the steep terrain in the 

Scamander catchment, streams derived from the DEM were considered more 

accurate than flow paths available from other (FSDF, 2016) which are based on 

1:25,000 mapping. Reconditioning, which ‘burns’ existing stream paths into the DEM 

was therefore omitted. The steps in Figure 3.3 were followed. Flow direction was 

calculated using the D8 algorithm, (which directs flow in one of 8 cardinal directions 

to a single neighbouring cell). The alternative D∞ was found by Goulden et al. (2014) 

to provide little improvement in spatial accuracy, at the cost of processing speed.  

Goulden et al. (2014) recommend inspection of flow-accumulation-based stream 

paths for anthropogenic modification. In the headwaters of the Scamander, 

inspection identified an incorrect flow path at a road crossing, which carried flow from 

an area of approximately 3.9 km2 out of the catchment towards the Georges River 

(Figure 3.4a). Comparison with accepted stream flows (Government, 1996) and field 

reconnaissance confirmed that the true flow path was through a large culvert under 

Risky Ridge Road into the Scamander catchment.  
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Figure 3.3: Flow chart of method for creation of stream products:  All comparisons based on extraction of data from an attribute table require an 

integer DEM.  Hydrologically correct DEM without reconditioning has been used as the basis for derivation of stream networks. Streams 

classified to stream order are used for creation of the buffer system which is used to extract data from near stream zones for comparison of 

characteristics of streams in the Scamander and Avenue above Riversmeet.
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Flow at headwaters road crossing was corrected using the following steps (Figure 

3.4b): 

1. A new polygon shapefile was created in Arc Catalogue and added to the 
existing map created for Figure 3.1.  

2.  In the polygon shapefile, a culvert was drawn across the road at the site of 
the flow error. 

3. An integer ‘height’ field was added to the shapefile attribute table, to enter 
altered height values.  

4. Elevation in culvert polygon cells and surrounds was read from the Integer 
DEM with the Identify tool and recorded on graph paper.  

5. With reference to surrounding values, appropriate altered height values were 
determined that would carry flow through the culvert. These values were 
transferred to the attribute table of the culvert polygon shapefile.  

6. Feature to Raster Conversion was carried out based on the height field with 
the same extent as the Integer DEM.  

7. After verifying that the culvert area had the correct height values, and other 
areas were “0”, a duplicate raster was created with 0 reclassified to 1 and 
elevation values to 0.  

8. The Integer DEM and the grid from step 6 were multiplied together using the 
Raster Calculator. 

9. The grids from Step 7 and Step 6 were added together using the Raster 
Calculator. 

10. The Identify tool was used to verify that new elevation values are within the 
culvert polygon. 

11. Streams were re-created based on the altered DEM (Figure 3.3). 
 
 
 
 

 
 
Figure 3.4: Stream path correction: (A) Stream path (Green) based on flow accumulation 

from Scamander DEM carries headwater flow into the adjoining catchment (purple area). 

Field observation confirms LIST stream network (Blue) is correct, large culvert carries flow 

under Risky Ridge Road at red circle. (B) Stream network extracted from DEM after 

correction via steps above. 
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Stream products were produced from the corrected DEM using Hydrology and Arc 

Hydro tools (Figure 3.3). Sub-catchment outlines were created for the Scamander 

above Riversmeet and for the Avenue and used with Clip for vectors and Extract by 

Mask for rasters (Figure 3.2) to produce separate data sets for the two catchments. 

These were used for further analysis. 

3.3.4 Extracting comparable stream channel cross sections 

To compare channel characteristics of first and second order streams in the 

headwaters of the Scamander and Avenue, comparable cross sections were 

extracted. The Flow Length tool was used to calculate the distance from each raster 

cell to the outflow point of the river. The resulting raster was classified into areas 

representing 10% of the flow distance. A site was selected at the point of stream 

initiation (0.1% of total flow accumulation for the entire catchment), a first order 

stream, and another at the 10% zone, a second order stream, for the Avenue and for 

the Scamander. 

A polyline shapefile was created, and cross sections were drawn using Create 

Features and trimmed to 160m using the Trim to Length tool on the Editor toolbar. 

The shapefile was converted to Raster (cell size 2m) using Conversion, Feature to 

Raster tool. Elevation values were added from the Integer DEM. The Attribute table 

for each line was exported as a data base file and converted to Excel. A line graph of 

distance vs elevation was prepared for each cross section using a consistent scale.  

3.3.5 Data extraction in near-stream zones 
 

To compare channel characteristics in the two-sub catchments, a system of buffer 

zones was designed to define ‘near stream zones’ that include the channel. Based 

on stream orders, this was used to extract data near stream channels of varying size 

for comparison of streams in different forms of lithology.  

Streams derived from flow accumulation were classified to Strahler stream orders.  

Stream ordering is widely used to stratify streams for sampling design, with the 

Strahler method being most widely used because it is relatively simple (Gordon et 

al., 2004). In this method, the smallest streams are classified as first order, where 

two first order streams join, a second order stream results, two second order streams 
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form a third order and so on. Additional streams of the same order can join without 

changing the order of the resulting stream (Figure 3.5). 

Streams produced from 0.1% flow accumulation were classified with the Stream 

Order tool and Strahler method (Figure 3.3). Both the Avenue and Scamander 

reached order 4 before their junction at Riversmeet. From the Attribute table of the 

Stream Order Raster, each order was separated out using the Raster Calculator. 

The output raster for each order was converted to a vector polyline, around which a 

buffer zone was created. Buffer widths were assigned by visual inspection of the 

Slope and Profile Curvature rasters, with symbology classified so that values 

associated with stream banks were clearly visible. Widths were selected for each 

stream order that were adequate to include both stream banks even when the flow 

path was directly adjacent to one channel bank. Buffer widths selected were 30m for 

1st order, 40m for 2nd, 50m for 3rd, 70m for 4th, and 80m for 5th (downstream of 

Riversmeet junction). 

The shapefile for each Strahler order buffer zone was used separately as a mask 

with the Extract by Mask tool to extract slope and profile curvature values near 

stream segments for each stream order. Using the Union tool, the buffer polygon 

shapefiles for the 5 orders were combined into a single polygon buffer file covering 

the whole catchment. This removed overlap where streams join. The resulting buffer 

was used to extract both Profile Curvature and Slope values near streams for whole 

stream networks. For each of the two sub-catchments, the data for the whole stream 

buffer system, and for each stream order separately, were extracted for comparison 

of the sub-catchments. 

Slope data was extracted from an integer slope raster created with Slope tool 

followed by the Raster Calculator, expression INT(“Slope Raster”+0.5).  The sub-

catchments, and their near stream zones were extracted, their Attribute tables saved 

as data base files and converted to Excel. These were graphed as scatter graphs to 

compare the whole sub-catchments, as well the near stream zones extracted using 

the buffers. Goulden et al. (2014) used slope histograms to characterise three 

contrasting watersheds on which they based their evaluation of the impact of spatial 

resolution and interpolation methods on watershed attributes extracted from DEM’s. 

The greater area of the catchments in this study makes scatter graphs more suitable.  
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Figure 3.5 Stream Orders with Buffers: Streams derived from flow accumulation were 

classified to Strahler stream orders (Figure 3.3). Stream orders were separated into 

individual rasters using the Raster Calculator and buffers of suitable width were created 

around each stream order separately. Visual inspection of slope raster with appropriate 

symbology classification was used to identify suitable width to include full stream channel in 

buffer zone. 
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Algorithms that detect stream channels and stream initiation points based on 

landscape characteristics have been developed in some studies (Passalacqua et al., 

2010, Sangireddy et al., 2016). However, this study uses flow accumulation to 

develop stream networks (Figure 3.3), with streams initiated at 0.1% of the flow for 

the entire Scamander catchment. This function is built into ArcMap and has been 

found to provide accurate stream networks in various types of topography, as long 

as DEM resolution is sufficiently high (Goulden et al., 2014). By defining initiation of 

first order streams on flow accumulation, these are independent of channel incision, 

which allows the degree of incision in streams carrying comparable flows to be 

compared. Profile Curvature, one of several measures of change in slope, is a better 

indicator of channel form, however, the algorithms used to calculate profile curvature 

produce extreme ranges of positive to negative values, and a high concentration 

around 0. Even using a logarithmic scale for frequency distribution, graphs produced 

from profile curvature are insensitive to differences between channels. Slope values 

are positive, with a range from 0 to 90o and slope distribution patterns are responsive 

to channel change. 

3.4 Results and Discussion 

3.4.1 Lithology distribution 

The Scamander River is presented against a background extracted from a 1:25,000 

geological map in Figure 3.1, showing the outline of the Scamander and Avenue 

sub-catchments above their junction. The planimetric area covered by different 

lithologies within these two sub-catchments is represented in Table 3.2 as measured 

from a 2m resolution DEM. The Scamander has an area of 117.4 km2 compared to 

144.8 km2 for the Avenue. The different lithologies are also expressed as percent of 

the length across which each main channel flows. 

Mathinna Group sedimentary rocks make up 60% of the Avenue River’s catchment 

area and 98.9 % of the flow path of its main channel. Layers of younger sedimentary 

rocks of Permian and Triassic origin capped with extruded Jurassic dolerite are 

limited to tops of ridges at the headwaters of tributaries initiated at its southern 

boundary (Figure 3.1). Mathinna Group rocks make up 54.5% of the Scamander 

catchment area and 61.2% of the main channels flow path above the junction with 

the Avenue (Figure 3.1).  
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TABLE 3.2 GEOLOGY AND TOPOGRAPHY DATA FOR SCAMANDER ABOVE RIVERSMEET AND 

AVENUE. 

 

 

Catchment 

 

 

Geology (% of catchment 

planimetric area) 

 

 

Geology  

(% of main channel length) 

 

Area (km2) 

 

Area 

ratio 

 

Granite 

Mathinna 

Group 

 

Other 

 

Granite 

Mathinna 

Group 

 

Other 

Plani-

metric 

Topo-

graphic 

Scamander 

above 

Riversmeet 

 

44.5 

 

54.5 

 

 

 < 1 

 

38.7 

 

61.2 

 

9.8 

 

117.4 

 

 

122.8 

 

 

1.046 

 

Avenue 

 

 

  4.6 

 

 ̴ 60 

 

  ̴35 

 

1.1 

 

98.9 

 

0 

 

144.8 

 

154.2 

 

 

1.065 

 

Mathinna Group rocks weather by fracturing into rectangular blocks along bedding 

planes that were formed as sediments deposited under different conditions, tending 

to form well defined channels. Further breakdown produces cobbles which deposit 

as sheets on the channel bed and act as abrasive tools which promote incision of the 

channel bed. The nature of bedload in the Avenue is also likely to be influenced by 

the breakdown products of the younger sedimentary rocks and dolerite that occur in 

the headwaters of the tributaries flowing from the south. 

 Above the junction of the Avenue with the Scamander, granite makes up 45.5% of 

the catchment area of the Scamander including its headwaters and those of several 

medium sized tributaries. The Scamander’s main channel flows over granite for 

38.7% of its flow length. The Avenue’s main channel flows over granite for only 1.1% 

of its flow length. Its catchment area consists of only 4.6% granite, this being the 

area drained by Catos Creek, a large tributary that enters where the Avenue has 

travelled over 80% of its flow distance to its junction with the Scamander Figure 3.7.  

Granite breaks down to rounded boulders, and further to mineral crystals, the most 

durable of which are quartz, which forms coarse sand. Granite bedrock and boulders 

create channels which are rough, poorly defined, and resistant to incision. Sand 

deposits hydraulically and provides anchorage for plants which adds further to 
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channel roughness. Both granite and Mathinna Group rocks influence channels of 

the Scamander, as sand produced from granite in the headwaters is transported 

throughout the channels, influencing those that are formed on Mathinna Group 

lithology downstream.  

3.4.2 Stream network comparison 

The source of a river is generally considered to be the point in the catchment that 

has the greatest flow distance to the outlet, but this is not easy to measure 

(Oishimaya, 2019). Official river lengths for Australia changed significantly in 2008, 

when Geoscience Australia used data from the National Topographic Database to 

re-calculate Australia’s ten longest rivers (GeoscienceAustralia, 2020). The use of 

GIS allows for calculation of river lengths based on landscape measurements at high 

resolution.  

An investigation of the effects of stream networks developed in GIS for three 

different found that DEM resolution, stream initiation threshold, and landscape 

characteristics all influence total length of the drainage network (Goulden et al., 

2014). The study concludes that a ‘fair comparison’ of stream networks in different 

landscapes would require a method that defines stream initiation points based on 

landscape characteristics that can be recognised in a DEM. Several such methods 

have been developed, such as the geometric framework proposed by Passalacqua 

et al. (2010) and the spatial disaggregation and aggregation procedures developed 

by Alber and Piégay (2011). The characteristics of stream initiation points also differ 

with landscape characteristics, so methods for identifying initiation points need to be 

flexible, or adaptable to different landscapes. These methods are beyond the scope 

of this study, flow accumulation is simpler, but comparisons made using this method 

have limitations. 

Stream networks have been prepared from a 2m resolution DEM for the Avenue and 

Scamander, metrics to compare the two sub-catchments are presented in Table 3.3.  

Maximum flow length, which represents the longest flow path a water droplet can 

travel within the catchment is 33.1 km for the Scamander and 33.7 km for the 

Avenue. Total stream length at 10, 5 and 1% flow accumulation are also greater for 

the Avenue. These metrics suggest that the Avenue is the greater tributary, and 
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possibly should be designated the Scamander’s main stem, as it was in the earliest 

map (Figure 3.8). 

 

 

The arrangement of tributary streams in the Scamander (Figure 3.6) accumulates 

flow from the headwaters along its length in a linear manner, which leads to broad, 

low flood peaks. The Avenue (Figure 3.7) receives several tributaries of similar 

volume in clumps, its headwater with a relatively minor catchment area. This pattern 

leads to high flood peaks, as floodwaters from different directions combine 

synchronously to produce powerful flows over a brief period (Fryirs and Brierley 2013 

p42). The similar total flow length of the Scamander and Avenue above their junction 

contributes further to high flood peaks at their junction. These differences would 

contribute to the spike in stream power which Keast (2014) showed in the 

Scamander immediately below its junction with the Avenue.  

 

 

TABLE 3.3 STREAM NETWORK DATA FOR SCAMANDER ABOVE RIVERSMEET AND AVENUE. 
 

 

 

Catchment 

Maximum 

flow length 

(km) 

Total stream length 

(km) with initiation at 

flow accumulation 

       

     Drainage density 

             (km/km2) 

 

10% 

 

5% 

 

1% 

At flow 

Initiation 

Flat 

area 

Topographic 

area 

Scamander 

above 

Riversmeet 

 

 33.1 

 

25.5 

 

51.4 

 

118.2 

 

10% 

 

1% 

 

0.217 

 

1.006 

 

0.207 

 

0.962 

 

Avenue 

 

 

 33.7 

 

41.4 

 

57.1 

 

121.6 

 

10% 

 

1% 

 

0.285 

 

0.839 

 

0.268 

 

0.788 
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Figure 3.6: Map of stream network Scamander River above Riversmeet: Stream network 

is classified to Strahler stream orders, darker shades in near stream zones represent high 

slopes. Horizontal pink lines represent granite, unmarked areas are Mathinna Group 

sedimentary rocks, lithology where elevation changes more gradually.  Note within granite 

lithology, low elevation areas are prevalent and in Mathinna lithology, rapid elevation change 

is evident around tributaries. 

A 

A is forced 

bend shown 

in Figure 3.9 
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 Figure 3.7: Map of stream network of the Avenue River: Showing stream network classified to 

Strahler stream orders, note granite lithology in lower catchment only, younger sedimentary rocks 

and dolerite cap at southern end, unmarked areas are Mathinna Group sedimentary rocks.  Limited 

areas of low elevation, and relatively rapid elevation increase around lower order tributaries. 

B 

D 
C 

B, C and D 

are forced 

bends shown 

in Figure 3.9 
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3.4.3 Observed contrasts in channel character 
 

Field observations of channel characteristics are summarised in Table 3.4, 

supported by paired photographs from along the main channels of the Scamander 

and Avenue above their junction at Riversmeet. 

Fundamental differences in weathering patterns between granite and sedimentary 

rocks can be observed in these two sub-catchments (Table 3.4). Temperature 

change and penetration of water and oxygen into the outer layers of granite causes 

layers to exfoliate, leaving behind large, rounded boulders, which are prominent in 

the Scamander’s upper reaches (A). Sedimentary rocks are laid down over time in 

layers which differ in character due to varying conditions under which they were 

deposited. Joints and faults formed along weaker layers allow water and oxygen to 

penetrate deep into the rock. The rock breaks apart into blocks leaving angular 

surfaces, evident in the Avenue (B and D). 

Weathering characteristics also influence channel form. Moving water loosens blocks 

along layers of weakness in Mathinna Group rocks, developing well defined, slot 

channels, which are distinct, regular in width and depth, and have evident bankfull 

levels (F). Such channels are seen all along the Avenue whose main channel flow 

almost entirely over Mathinna Group rocks. Granite boulders break down slowly, 

boulders on the channel bed reduce bedload movement. These characteristics result 

in the shallow, irregular, poorly defined channels occurring in the Scamander above 

Riversmeet (C, E and I).  

The behaviour of the products of weathering when exposed to flowing water affects 

the nature of the channel bed, and the rate of incision. The exfoliated layers from 

granite further break down to quartz sand as less-stable minerals change chemically. 

Sand deposits hydraulically among boulders, where flow velocity is reduced (G) 

resulting in a heterogenous bed, with a variety of microhabitats, and very rough 

channel (I). It provides anchorage for plants on the channel bed. All of this 

contributes to channel roughness, and so reduces flow velocity and stream power.  
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TABLE 3.4 FIELD-OBSERVATION BASED COMPARISON OF CHANNEL CHARACTERISTICS. 

Feature Scamander Avenue 

 

Lithology 

 

(A) Scamander below Granite Knob 

Road – Granite. 

 

(B) Avenue above Granite Knob Road – 

Mathinna Group sedimentary rocks. 

 

Weathering 

 

 

 

(C) Scamander below Catos Road 
Bridge – round boulders to quartz 
sand. 

   

(D) Avenue at Meadows Bend – 
rectangular blocks to cobbles and gravel. 

 

Channel 

form 

 

(E) Scamander below  Granite Knob 

Road – irregular  width and height, 

indistinct bankfull level. 

 

(F) Avenue above Meadows Bend – 

regular width and height, distinct 

bankfull level 
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Feature Scamander Avenue 

 

Channel bed 

character 

 

(G) Scamander below Hogans Road – 

heterogenous bed of sand and 

boulders 

 

 

(H) Avenue above Granite Knob Road – 

gravel sheets form homogenous bed. 

 

Channel 

roughness 

 

(I) Scamander below Granite Knob 

Road – high channel roughness 

 

 

(J) Avenue above Granite Knob Road – 

level, low roughness channel 

 

 

Inputs from 

tributaries 

 

(K) Un-named 1st order tributary 

enters Scamander below Hogans Road 

– stable vegetated bed. 

 

 

(L) Un-named 1st order tributary enters 

Avenue upstream of Catos Creek – 

incised channel transports gravel. 

 



83 

 

 

Feature 

 

Scamander 

 

 

Avenue 

 

Sediment 

deposition 

 

(M) Helens Marsh – sand deposited in 

shallow swamps 

 

 

(N) Avenue above Meadows Bend – fine 

sediments in floodplain pockets. 

 

 

Evidence 

of layering 

in 

Sediments 

 

(O) Scamander below Granite Knob Rd 

– rounded boulders, with cohesive 

sediments above exposed at eroded 

banks. 

 

 

(P) Avenue at Meadows Bend – layers of 

fine sediments alternate with cobbles at 

eroded floodplain pockets. 

 

The first 80% of the main channel of the Avenue flows entirely over Mathinna Group 

rocks (Figure 3.1). Its regular width and homogenous, low vegetation bed allow the 

Avenue to be travelled on foot and partly by car. The heterogenous boulder and 

sand bed and in-channel vegetation make Scamander channels difficult to access 
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and impossible to navigate on foot. The Scamander above Riversmeet being omitted 

from the earliest map of the area (Dawson, Circa 1844) (Figure 3.8), where the 

Avenue River is labelled Scamander, may result from this. 

 

The blocks formed from Mathinna Group rocks weather further by fracturing into 

cobbles and gravel, before eventually forming fine sediments that can be suspended 

in water. The movement of cobbles is initiated suddenly when flow reaches a critical 

velocity, determined by their size. Blocks and cobbles are laterally sorted during high 

flows – smaller cobbles are stripped from high velocity bends leaving larger blocks 

(D). As flow velocity reduces, cobbles are deposited as homogenous sheets on the 

channel bed (H and J). Little vegetation is present in channels flowing over Mathinna 

Group rocks, likely because cobbles, which mobilise rapidly when flow exceeds a 

threshold, provide poor anchorage.  

The rate of channel incision is also affected by lithology. A channel bed of granite 

bedrock resists incision (E). By contrast, Mathinna Group rocks are prone to incision, 

both because weaker layers encourage large blocks to dislodged, and because 

cobbles abrade to incise the channel bed. A fraction of bedload moves by saltation, 

skipping along the channel bottom. Sklar and Dietrich (2004) propose that abrasion 

of the channel bed by the impact of saltating bedload is the key mechanism 

promoting vertical channel incision into bedrock. This mechanism is consistent with 

the high degree of channel incision evident in channels of the Avenue. The 

observation made by McClenaghan et al. (1992) that, in terms of geological time, the 

capture and diversion to the sea via the Scamander of the South Esk by the 

Avenue’s Barnes Creek tributary is ‘imminent’ provides further evidence of the 

significance of incision processes in the Avenue catchment.  

Understanding of bedload movement and the associated mechanisms of incision is 

currently limited. Measurement of bedload movement lags behind that of other river 

processes such as flow and sediment transport, which have improved with 

technology in recent years. Passive acoustic measurement of noise generated by 

collisions between moving particles is developing (Petrut et al., 2018, Geay et al., 

2018). Calibration of instruments presents problems because conditions vary greatly,
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Figure 3.8 Historical surveyor’s map of the Scamander River catchment (Dawson, Circa 1844) shows the Avenue River, which is labelled as the 

Scamander, and Catos Creek. Channel planforms resemble today’s channels. Today’s Scamander River, above Riversmeet Junction, was not 

mapped. These features of the map are consistent with the contrasting contemporary character of the two sub-catchments. The Avenue’s 

channel being visible in aerial photographs and readily travelled on foot, while most of the Scamander’s channel is impossible to access on foot 

and difficult to see in aerial photographs.    
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so that instruments must be calibrated separately for each site (Rennie and Villard, 

2004). Time domain reflectometry methods also show promise for overcoming 

limitations associated with particle size variation (Chih-Chung and Chih-Ping, 2011) 

and high concentration environments (Starr, 2005). Until these are better developed, 

it will not be possible to carry out measurements of bedload movement that provide 

sufficient reliable information to understand the process.  

There are also limitations to understanding of the mechanisms involved. Ancey 

(2020) proposes that abrupt changes in bedload movement, which have been dealt 

with as ‘noise’ in measurement, may in fact be the key to the effectiveness of this 

process. Ali and Dey (2019) propose that because velocity fluctuations play an 

important role in sustaining saltation of bed particles, the laws and mathematics that 

describe the coupling between fluid flow and particle motion, and hydrodynamic flow 

and lift forces in the near bed zone need to be re-considered before this process can 

be properly understood. The connection between the Avenue Rivers incised 

channels, the bedload particles derived from Mathinna Group rocks, and the flow 

energy fluctuations resulting from base level rise and fall associated with ice ages 

has further layers of complexity that may never be fully resolved. 

Contrasting channel features create very different energy levels in the two rivers. 

Stream power, which can be defined as at the rate of energy expenditure in streams 

(Gordon, McMahon et al. 2004 p.175) is inversely proportional to channel roughness 

which provides flow resistance (ibid. p.140). Channels which contain relatively large 

floods also have more energetic flows than those which allow floods to spill readily 

onto floodplains (Brizga and Finlayson, 1990). The Avenue River’s incised, low 

roughness channels with little vegetation, which confine moderately large floods 

therefor produce energetic flows and high stream powers. The rough channels of the 

Scamander, with boulders and vegetation, and irregular channel form, which allow 

floods to spill out at relatively low levels, promote low stream powers.  

Tributary streams flowing into the Scamander and Avenue above their junction also 

differ. Streams entering the Avenue show the influence of channel incision, 

delivering large amounts of gravel and cobble as bedload into the main trunk (L). 

First order creeks of the Scamander, on granite lithology, have stable, vegetated 

channels (K). After a 3-year period of drought, field observations for this study 
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showed water continuing to flow from small streams and in the main channel of the 

Scamander above its junction with the Avenue, which had ceased to flow. 

Unfortunately, the Scamander River has only one flow measuring site (Site 2206 

(Department of Primary Industries, 2014), which is below the junction, so there is no 

record to allow base flow comparison.  

Landscape form in the catchment area of the Scamander and Avenue also shows 

the influence of lithology. The granite landscapes of the Scamander have large areas 

of swampland, with low slope, and deposits of sand mixed with organic matter (M). 

Aided by the overflow from low-capacity channels, these areas store water, support 

moisture adapted vegetation and release water to maintain base flows in dry periods. 

In the Avenue, floodplain pockets with deep layers of fine, cohesive sediments occur 

along the main channel. These are incised and elevated above the contemporary 

channel (N and P). Block failure is evident (N) and layers of fine sediments 

(indicative of low energy conditions) alternating with deposits of gravel and cobbles 

(indicative of high energy flows) (P) provide evidence that the Avenue responds to 

changes in base level with changes in flow energy.  

The presence of granite and Mathinna Group rocks in the Scamander above 

Riversmeet, causes sediment deposition to be influenced by the breakdown products 

of both lithologies. Below the washed-out bridge at Granite Knob Road, a disturbed 

channel section of the Scamander shows a deep, fine-cohesive-sediment deposit 

atop very large boulders mixed with cobbles and gravel (O), without the layering 

visible in sediment deposits on the Avenue (P). This suggests the fine sediments 

which produced from Mathinna Group sedimentary rocks in the Scamander may be 

deposited more consistently at sites that are not affected by the fluctuations which 

impact on the Avenue. The influence of combined lithology will be further discussed 

in comparing the defined reaches within each sub-catchment in Chapter 4. 

The contrasting channels which occur under the influence of granite as opposed to 

Mathinna Group rocks, can be expected to differ in their resilience and in their 

susceptibility to disturbance.  
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3.4.3 Channel planform and ‘old folded rocks’ 
 

A series of six tight curves that resemble ingrained meanders occur on the Avenue 

and one such bend occurs on the Scamander above Riversmeet (Figure 3.9 A to D). 

The traditional view of meanders is that they are equilibrium features that form when 

channels deviate from straightness in alluvial settings, whose symmetrical curves 

represent the path of least work, and whose planform is describable as a sine 

function (Lustig et al., 2020). Meanders in streams that cut deeply into bedrock are 

termed entrenched or ingrown meanders. The traditional view is that ingrown 

meanders have inherited their form from existing meanders in an alluvial river that 

flowed at a higher elevation, and they cut down over time, inheriting the sinuous 

form, but the processes that form them in different settings are not entirely clear 

(Gaber, 2019). The Scamander catchment has developed on a plateau of Mathinna 

Group rocks that were overlaid by more recent Permian and Triassic sedimentary 

sequences and a layer of Jurassic dolerite (Corbett, 2019), which cap ridgetops in 

the southern part of the Avenue catchment (Figures 3.1 and 3.6). Features of these 

curves suggest that they have not been inherited from the plateau.  

Field observations show that the form of these curves is influenced by erosion 

resistant layers, often vertically displaced, which lie perpendicular to the flow path of 

the stream (Table 3.4 B and D). These layers are part of the folded character of 

Mathinna Group rocks, which were present before the Tabberabberan Orogeny and 

became folded during that time; geologists call these ‘old folded rocks’ (Corbett, 

2019). Lustig et al. (2020) consider that ingrown meanders develop their curvature 

as they cut down through rock layers, rather than inheriting them from an alluvial 

floodplain. This view is consistent with the observable connection between the form 

of the curves on the Avenue and these resistant layers in Mathinna Group rocks.  

Features called gooseneck bends (Fryirs and Brierley, 2013), occur in alluvial rivers 

and as entrenched meanders in horizontal layers of sedimentary rock. Their 

planform resembles the bends occurring in Mathinna Group rocks, but their 

development is different. Gooseneck bends develop through convex down-valley 

asymmetry, which happens when meander curves with a convex bank facing 

downstream, migrate more rapidly than curves with a concave bank facing 
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downstream. This occurs more readily in uniform substrates (Carson and Lapointe, 

1983). Over time, the process results in a meander loop with a narrow neck. 

 

 

 

Figure 3.9: ‘Old folded rock’ forced bends in Mathinna Group lithology: These formations 

occur where stream flow collides with erosion resistant layers in vertically displaced 

Mathinna Group sedimentary rocks, A is located at a boundary between Mathinna Group 

lithology and granite on the Scamander; B, C and D are located on the Avenue River. 

Extracted from hillshade DEM at LIST Map (Tasmania, 2017). 

 

Unlike sedimentary layers that remain in a horizontal position, the vertically displaced 

layers in Mathinna Group rocks make erosion resistance highly variable in the 

dimension in which river planform develops. The bends that form in them are often 
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angular, they appear to take their form from direct response to the position of erosion 

resistant layers lying perpendicular to the flow path, which obstruct and divert flow. 

One well defined ‘old folded rock’ forced bend exists on the Scamander above 

Riversmeet (Figure 3.9 A), where the stream flows over Mathinna Group lithology, at 

the boundary of a granite region. At the upstream end of this bend, the channel is 

rough, with slots and protruding resistant layers consistent with dislodging of 

rectangular blocks by flow, as is characteristic of the Mathinna Group rocks forming 

the channel. Roughness of the channel in this reach relative to others on Mathinna 

Group rocks suggests little abrasion by cobbles has occurred, which is consistent 

with the low proportion of cobbles and plentiful sand, resulting from dominance of 

granite in the upstream reaches.  

The Avenue River has six such bends, including B, C and D in Figure 3.9. Their 

channels are well-defined, with plentiful bedload of cobbles delivered from upstream. 

These conditions are consistent with the fact that 98.9% of the Avenue’s main 

channel flows over Mathinna Group rocks (Table 3.2). Each bend commences where 

resistant rock lies perpendicular to the stream’s flow path. Flow conditions in these 

bends change in a predictable pattern. At the base of the wall, turbulent flow creates 

pools scoured to bedrock, which contain loose, rectangular blocks of stone (Table 

3.4 A and B). The stream path is deflected three to four times until it has moved 

around the obstacle and either returned to its downhill course or entered another 

similar bend. In Figure 3.9 A, flow finds its way over the granite extrusion along 

which the stream path has been flowing, via a straight, well defined channel. 

Cobbles derived from the Mathinna Group rocks may be responsible for this stretch 

of relatively smooth channel, scoured to granite bedrock, with little vegetation relative 

to other granite channels. Opposite the rock wall and downstream in lea of the wall in 

these bends, fine sediments deposit to form floodplain pockets. These features 

appear to be more developed in curves that lie further downstream, suggesting they 

become increasingly well-defined as the channel continues to scour down and build 

up floodplain pockets over time. 
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3.4.5 Stream cross sections and slope distribution 
 

The progress of incision into the two sub-catchments, and its relationship with 

lithology, has been investigated using stream cross sections and slope distribution. 

Stream cross sections (160m) were extracted from the main channel of the Avenue 

and of the Scamander where they are first and second order streams. The data were 

graphed as elevation versus distance (Figure 3.10). The main headwaters channel of 

the Avenue flows over Mathinna Group rocks, and these cross sections reveal a 

steeply incise channel. Headwaters of the Scamander flow over granite, these cross 

sections show shallow, irregular channels, with several possible bankfull levels. Two 

possible bankfull levels are also visible in the second order stream of the Avenue. 

These results are consistent with the channel forms observed lower in the main 

channel of the Avenue and Scamander, and with the contrasting weathering 

processes of Mathinna Group rocks and granite.  

Slope distribution in near stream zones has been used as an indicator of incision, to 

investigate the connection between these channel forms and lithology distribution. A 

slope raster was prepared, and near stream zones were extracted for visual display 

and graphing of slope data. Buffer zones for each stream order are mapped in 

Figures 3.6 (Scamander) and 3.7 (Avenue) with slope displayed within the zones, 

and elevation outside them. Slope data was extracted for first and second order 

Strahler stream orders, sorted into groups representing granite and Mathinna Group 

lithologies, for each of the Scamander and Avenue Rivers above their junction, which 

are presented in the graphs in Figure 3.11. All streams in the catchments that fall 

into each category have been included, making sample sizes unequal. 

The Scamander and Avenue sub-catchments contain a high number of low order 

streams, which are largely inaccessible. The use of a slope raster and buffer zones 

to investigate slope distribution allows data to be collected from all first and second 

order streams. This provides evidence for the influence of Mathinna Group and 

granite lithology on the susceptibility of these two sub-catchments to incision. 

The graphs in Figure 3.11 show that slope distribution in near stream zones of the 

Scamander in granite lithology is very similar for first and second order streams. Low 

slopes of <10o make up most of the area. Measures of central tendency in Table 3.4 
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Figure 3.10: Channel cross sections in 1st and 2nd order streams: A 2m resolution DEM has been used to extract stream cross sections from first 

(Av01 and SU01) and second (Av02 and SU02) order streams from the Avenue and Scamander’s main channel. The Avenue’s channels flow over 

Mathinna Group, and the Scamander over granite lithology. Buffer zones used for extraction of slope extend 30m for 1st order and 40m for 2nd 

order stream either side of the thalweg (lowest point on the bed) and are shown in blue. Bankfull levels, where evident, are shown as red arrows. 
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support this, with all measures very similar. This pattern is consistent with stream 

channels lacking steep banks. Figures 3.12 (A) and 3.13 (A) with pale colours 

displaying low slopes, provide further evidence that these streams have shallow 

channels that are irregular and not incised.  

Granite in the Avenue is limited to one first and one second order stream, from which 

limited deductions can be made. There is a wide range of slopes without a peak. 

Measures of central tendency are, however, very similar (Table 3.4) though different 

from those in the Scamander. Figures 3.12 B and 3.13 B show evidence of channel 

incision, that is broken by sections of irregular, shallow channel. It appears that these 

channels are influenced by other factors, possibly by high energy conditions from 

incised channels upstream. 

First order streams of the Avenue in Mathinna Group lithology have a very different 

slope distribution pattern. Most of their area falls in the high slope range of 30o to 50o 

and Figure 3.12 D clearly shows steep walled, regular, and incised channels. In 

second order streams, a higher proportion of slopes are in the low range, Figure 3.13 

D shows level areas at convex bends where floodplain pockets are known to form. 

These sediments deposits are likely responsible for the increase in low slope areas. 

Slope distribution for Mathinna Group lithology of the Scamander is bimodal (Figure 

3.10 and Table 3.5). In first order streams, the peak is greater in the higher slope 

range of 30 o to 45 o while in second order streams the peak is higher for low slopes. 

Figures 3.12C and 3.13C provide further evidence that low slopes are more 

prevalent in second order streams, which are less regular and more sinuous. First 

order streams on Mathinna Group lithology are very similar for the Scamander and 

Avenue, but second order streams are more different. The complexity of the 

Scamander headwaters catchment, where some first order streams in granite 

lithology feed into second order streams on Mathinna Group lithology and sand is 

transported downstream, suggests these second order streams are influenced by a 

variety of factors. A further complicating factor is the influence that granite bedrock 

has in acting as a barrier to upstream progression of incision.  
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Figure 3.11 Slope distribution within near-stream zones of 1st and 2nd order streams: First and second order streams of the Scamander on 

granite lithology have similar distributions, with low slopes of <10o making up most of the area. First order streams of the Avenue in Mathinna 

Group lithology have most of their area in the high slope range of 30 to 50o, while second order streams have a higher proportion of slopes in 

the low range. The slope distribution for Mathinna Group lithology of the Scamander is bimodal, with the higher slope peak greater in first order 

streams. Granite in the Avenue is limited to one first and one second order stream, with evenly distributed slopes. 
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TABLE 3.5 MEASURES OF CENTRAL TENDENCY FOR SLOPE IN NEAR STREAM ZONES. 
 

Lithology Granite Mathinna Group 

Catchment Scamander Avenue Scamander Avenue 

Order 1 2 1 2 1 2 1 2 

Mode 3 5 31 36 39 (4) 8 (36) 44 41 

Mean 17.9 17.54 23.99 23.61 29.55 22.38 34.12 29.96 

Standard 

deviation 

12.52 12.56 11.21 12.60 14.11 13.32 12.44 13.96 

Count 505096 56689 30011 84830 557889 770441 719994 775922 

 

Boundary conditions that result from the prevalence of granite in the headwaters of 

the Scamander produce a different response to incision than occurs in the Avenue. 

Coarse grained sand bed systems readily erode to widen channels, after which sand 

deposits hydraulically, aggrading beds rapidly to reduce stream energy and reach 

quasi equilibrium (Simon and Rinaldi, 2006). Fine-grained cohesive beds, formed at 

floodplain pockets from the suspended sediments produced by Mathinna Group 

rocks, resist lateral erosion, maintaining steep incised channels for longer periods. 

Combined with the tendency to release rectangular blocks and form regular channels 

in bedrock-controlled sections associated with Mathinna Group rocks, this results in 

well-defined channels that maintain high energy conditions in the Avenue.  

The response of the Scamander River to the historical disturbances described in 

Chapter 2 is subject to the influence of the complex boundary conditions within the 

catchment. Cycles of sea level rise and fall associated with glacial periods would 

have been transmitted differently through the Avenue catchment than the 

Scamander’s headwaters. The observation that Barnes Creek tributary to the 

Avenue will eventually capture the South Esk River (McClenaghan et al., 1992) is 

evidence of the high rate of progression of incision in this catchment. The incision 

prone Avenue is likely to have responded readily to base level changes. The 

mechanisms by which granite inhibits incision are likely to have slowed its 

progression through the Scamander’s headwaters. The contrasting condition of the 
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upper reaches of the two rivers provides evidence that incision has played a greater 

role in the Avenue than in the Scamander.  

 

 

Figure 3.12 Map extracts of slope in 1st order streams of Scamander and Avenue:  Buffer zone 

extends 30m either side of stream, slope is displayed within the buffer, darker colours represent 

higher slopes. Streams are shown from initiation point in each type of lithology, and at similar 

elevation. A is one of many first order streams of the Scamander on granite lithology. B is the only 

first order stream of the Avenue on granite. Note indistinct channels, irregular slopes, and lack of 

incision at headwaters in A. First order streams in Mathinna Group lithology of the Scamander (C) 

and Avenue (D) have steep walls with high slopes (dark shade), and a well-defined channel.  

C D 

A B 
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Figure 3.13 Map extracts of slope in 2nd order streams of the Scamander and Avenue: Buffer 

zone extends 40m either side of stream, slope is displayed within the buffer, darker colours 

represent higher slopes. A is one of many second order streams of the Scamander on granite 

lithology. Note indistinct channel and irregular slope and very limited incision. B is the only second 

order stream of the Avenue in granite, incision is present, with some irregular sections. Second order 

streams in Mathinna Group lithology of the Scamander (C) are incised, but steepness of walls is more 

irregular than in the 2nd order streams of the Avenue (D), where steep concave bends are becoming 

evident.  

A B 

C D 
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3.5 Conclusions 
 

Comparison of the Scamander River’s headwaters with its main tributary the Avenue 

River above their junction, provides evidence of different boundary conditions related 

to lithology that operate within the two sub-catchments. 

Field observation of the main channels shows that the Scamander has shallower, 

less regular channels with high roughness due to boulders on the bed, and 

vegetation established in deposited sand. These channel characteristics produce low 

flow energy and allow floods to spill over at relatively low levels. The Avenue has 

incised, regular channels, with sheets of cobble and gravel deposited on the bed, 

that provide little anchorage for vegetation and create low roughness conditions. 

Such channels confine relatively high flood levels to produce high energy flows.  

Assessment of a geological map using geographic information systems analysis 

shows that granite and Mathinna Group sedimentary rocks are differently distributed 

within the two sub-catchments. Granite makes up 45% of the area of the Scamander 

above Riversmeet and dominates the upper half of this sub-catchment, allowing 

quartz sand derived from it to influence downstream channels. By contrast, granite 

forms less than 5% of the Avenue’s catchment in an area located just above 

Riversmeet junction, so that 95% of the main channel cannot be influenced by 

products of breakdown of granite from upstream. Mathinna Group sedimentary rocks 

are the main lithology of both catchments, they form 99% of the Avenue’s channel, 

and 61% of the Scamander’s channel, which is 39% granite. 

Analysis of stream networks in GIS shows that the Avenue has a greater catchment 

area, slightly greater maximum flow length, and greater total flow length than the 

Scamander above their junction. A catchment with numerous tributaries of similar 

length such as the Avenue, generally produces flood hydrographs with higher peaks 

than a catchment with the elongate shape of the Scamander’s catchment. These 

characteristics suggest that the Avenue is the dominant tributary in the catchment in 

terms of flow. It could be argued that the Avenue should be considered the 

Scamander River’s main stem, as was depicted in the earliest map of the catchment.  

Cross sections extracted from first and second order main channel reaches of the 

Scamander and Avenue confirm the steeply incised nature of channels of the 
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Avenue on Mathinna Group lithology, and the shallower, irregular channels of the 

Scamander on granite. Investigation of slope distribution in first and second order 

tributaries through visual display in GIS and graphical analysis shows that these 

contrasting channel patterns in lower order tributaries are influenced by lithology. 

Mathinna Group lithology produces regular, incised first order streams with steep 

banks in both sub-catchments. However, there is a much higher peak in the high 

slope range for the Avenue. Granite lithology produces shallow and irregular first and 

second order streams in the Scamander. Slope distribution is more complex in 

second order streams. In Mathinna Group lithology, floodplain pocket formation 

increases the prevalence of areas of low slope. Second order streams in granite 

appear to be influenced by other factors, including upstream lithology.  

Lithology distribution influences channel character through various processes. The 

dominance of Mathinna Group lithology in the Avenue creates regular, steep walled 

channels due to characteristic weathering processes. Joints form due to weak 

bedding layers which lie perpendicular to pressure faults, so that angular blocks are 

released to form well defined channels. Further breakdown produces cobbles and 

gravel that travel as bedload and act as tools for saltating abrasion which causes 

vertical incision downstream. Regular channels with sheets of imbricated cobbles 

covering their bed have low roughness which promotes high stream powers. Even 

relatively large floods are contained within well-defined bankfull levels and 

connectivity with surrounding areas is low. The interaction between this lithology and 

cycles of sea level rise and fall that have occurred in Tasmania provide an 

explanation for the Avenue’s incised channels and the progression of incision into 

low order tributaries.  

The presence of granite in the Scamander headwaters catchment adds complexity to 

channel processes. Granite breaks down to rounded boulders by exfoliation and 

releases coarse quartz sand. It is resistant to vertical incision and acts as a barrier to 

its upstream migration. Boulders on the channel bed inhibit vertical incision and 

increase channel roughness. Downstream transport of sand from granite lithology 

blankets channels and provides anchorage for vegetation which increases 

roughness. These conditions promote low stream powers and allow even low-level 

floods to overflow the channel and store water in adjacent wetlands. 
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The contrasting characteristics of the Scamander and Avenue suggest that the 

Scamander would have higher base flows, through storage of water in the 

landscape. In the Avenue Catchment, a higher proportion of flow would be lost 

during floods, with little catchment storage. This would suggest that any water 

storage dams that might be required in the future should be in the Avenue 

catchment, to capture runoff, allowing the Scamander to contribute naturally to base 

flows from water stored in the landscape. Given that there is only a single flow gauge 

in the Scamander catchment, below Riversmeet junction, this difference in flows 

cannot be verified. Separate flow gauges in both sub-catchments are highly 

recommended to improve understanding of flow dynamics and water storage 

potential in this River. 

The folded and hardened layers characteristic of Mathinna Group rocks increase 

channel complexity by forming forced bends where resistant, vertically displaced 

layers lie perpendicular to the flow path. These features are prominent in the 

Avenue, but also occur on Mathinna Group lithology of the Scamander above their 

junction. Typically, the channel collides with a rock wall, and forms three sharp turns 

before returning to its downstream path. Floodplain pockets form in the lee of walls, 

providing a sedimentary record of alternating periods of high and low flow energy. 

Sediment dating in these pockets could provide data about the timing of past base 

level changes, and whether these are related to sea level.  

The formation of old folded rock forced bends in Mathinna Group lithology supports 

the argument that ingrained meanders develop their curvature as they cut down 

through rock layers, in this case, curves are not inherited from meanders developed 

in a river flowing on an alluvial plateau. Rather, the planform result from interaction 

between flow energy and the erosion resistant, folded layers characteristic of 

Mathinna Group Sedimentary Rocks, and may be a unique feature of this lithology.  

The evidence in this chapter suggests that differences in lithology produce different 

responses to incision in the Scamander and Avenue sub-catchments. Upstream 

migration of incision, resulting from morphological change at the river opening which 

effectively lowered base level (Ch 2) can be expected to impact differently on the 

Avenue and Scamander.  
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In Chapter 4, the contemporary condition of channels of the Scamander River below 

the junction of these two tributaries will be explored. The influence of base-level 

changes associated with glacial cycles in the development of channels will be 

considered. 
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Chapter 4: Contemporary geomorphology of the Scamander 
River based on the River Styles Framework 
 

4.1 Introduction 
This chapter investigates contemporary channel condition of the Scamander River, 

focussing on the channels below the junction of the Scamander with the Avenue. It is 

based on the Reading the Landscape approach (Brierley et al., 2013) which is 

derived from the River Styles Framework (Fryirs and Brierley, 2013). The Framework 

was designed for Australia and has been applied to many Australian rivers (Brierley 

et al., 2002, Brierley et al., 2011, Fryirs, 2003). It is geomorphology based, and uses 

a constructivist approach, which first identifies geomorphic units, then defines 

reaches based on transition zones, and assesses their functional morphology 

(Brierley and Fryirs 5: 261). 

Reading the Landscape focuses on ‘place-based understanding’ which recognises 

that both processes common to most rivers and historical impacts that may be 

unique influence river character. The Scamander River’s unusual post-European 

settlement events make it likely that local events have left an enduring impact. Site 

specific appraisals are used to encourage understanding of local stories and give 

insights into differences. Awareness of the inherent variability of river systems, as 

distinct from change due to disturbance, either natural or due to human impacts, is 

an important element (Fryirs, 2003).  

The aim of Chapter 4 is to develop place-based understanding of the Scamander 

River. This involves identifying links between contemporary channel condition and 

historical disturbance events and evaluating channel progression along a trajectory 

of change. To achieve this the contemporary geomorphological character of the 

Scamander River is first described, mapped, and analysed, using desktop analysis, 

supported by field assessment.  

The objectives of this chapter are to: 

1. Identify and map channel reach boundaries based on transition zones, and 

river style for the Scamander River from its headwaters to the outlet, and for 

the Avenue River. 
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2. Describe process form relationships evident in groups of reaches with shared 

features and consider where the influence of common processes and unique 

historical events can be recognised. 

3. Interpret the relationship between channel form and historical disturbance 

focussing on channels of the lower catchment. 

4. Consider geomorphic evidence of progression along a trajectory of change for 

selected reaches. 

4.2 Background 
 

4.2.1 The River Styles Framework 
 

The River Styles Framework is a geomorphology-based river classification system 

designed for Australia. It aims to provide a scientific basis for comparing similar 

systems and assessing river condition, and a consistent template for management 

decisions (Brierley et al., 2002). It uses a constructivist approach, first identifying 

geomorphic units, then defining reaches based on transition zones, and assessing 

their functional morphology (Brierley and Fryirs, 2005: 261). A reach is defined as a 

length of a river that operates under relatively uniform boundary conditions and has 

relatively consistent morphology and assemblage of geomorphic units (Fryirs and 

Brierley 2013 p203). A degree of subjective judgement is involved in defining reach 

boundaries, which may be abrupt such as tributary junctions, or gradual transition 

zones such as changes in slope, or there may be segments of repeating patterns 

(Brierley et al., 2013). River types are defined according to the degree to which their 

channels are confined within the valley, as well as channel planform and continuity 

(Fryirs and Brierley, 2013). A River Styles database for New South Wales stores 

classifications for 219,000 kilometres of stream length in the State (Macquarie, 

2012). 

 

4.2.2 Channel adjustment 

Different energy levels and differing capacities for channel adjustment characterise 

different river types. Natural capacity for adjustment is the ease with which channel 
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dimensions can change in response to flow conditions; adjustment can occur in 

several dimensions (Figures 4.1 and 4.2) (Brierley and Fryirs 2005 p147-152). 

 

Figure 4.1: Capacity for adjustment in channelised valley fill river style: Dotted arrow indicates 

capacity for wholesale adjustment by shifting channel position.  Sedimentary banks readily allow 

lateral adjustment, which is restricted on the bank at left by a bedrock outcrop. Vertical adjustment 

downward is limited by bedrock, deposition of sands and gravel within channels allows adjustment 

upwards. Diagram adapted from (Fearman, 2014). 

 

 

Figure 4.2: Capacity for adjustment in gorge river style: This bedrock confined gorge river style 

has limited capacity for adjustment as shown by presence and strength of arrows.  Lateral 

adjustment is limited to erosion of a layer of sediment deposited over bedrock.  Vertical adjustment 

occurs as gravel slugs move through reaches, but is limited by bedrock channel base, deeply incised 

valley prevents wholesale channel adjustment. Diagram adapted from (Fearman, 2014) 

Lateral channel adjustment occurs readily in alluvial settings, as sediments can be 

readily eroded, changing channel width to accommodate increased flows. Wholesale 
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adjustment occurs where a river channel cuts a new path in response to flow 

obstruction and is common on broad floodplains. Vertical channel adjustment occurs 

readily where sediment supply is plentiful; where rivers have incised to bedrock, 

such as during prolonged periods of base level fall, adjustment upwards can be 

achieved through sediment deposition, but adjustment downwards is limited to the 

rate of erosion of bedrock (Barnett-Moore et al., 2014).  

 

4.2.3 River evolution and landscape memory 
 

In many Australian rivers, channel movement is restricted by bedrock structures, and 

erosion resistant landforms created under past conditions (Cohen and Nanson, 

2008). Australia’s position, away from active tectonic boundaries, has allowed such 

landscape forms to be preserved to a greater extent than is common elsewhere 

(Fryirs and Brierley, 2013). Termed ‘landscape memory’, they influence 

contemporary river morphology and behaviour, particularly in south-eastern 

Australia, (Brierley, 2010). A significant proportion of rivers in many landscapes have 

their planform influenced by confining features, including bedrock outcrops, 

abandoned floodplains (i.e., terraces), and regolith, but these are relatively little 

studied (Fryirs et al., 2016).  

A confining bedrock margin, that abuts much of the channel, limits planform 

adjustment and the formation of floodplain pockets in partially bedrock confined 

rivers. Base level is also confined, so that bedrock determines bed morphology. 

Higher energy river segments have a greater proportion of bedrock confinement, 

because their high energy flows erode down to resistant structures; this provides 

greater stability in the face of changes to flow velocity making these channels 

resistant to disturbance (Fryirs and Brierley, 2010). The degree to which rivers retain 

landscape memory of past disturbance is influenced by many factors. These include 

geomorphic structures, sediment and vegetation interactions, and thresholds; the 

influence of disturbance on contemporary process-form relationships therefor varies 

in rivers and reaches (Fryirs and Brierley 2013 p28).  

Changes in sea level influence base level controls on flow energy in channels, which 

impacts on river development. Sea levels In Tasmania fluctuated repeatedly, during 
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glacial periods beginning 2.4 MY, rising to 20 metres above current levels, and falling 

to 130 metres below current levels (Corbett, 2019). Differential response of dominant 

lithology to changes in flow energy (described in Chapter 3) complicates the impact 

of repeated sea level rise and fall on the Scamander and Avenue Rivers. Partial 

preservation of landforms created at different sea levels increases the complexity of 

landscape memory in the catchment.  

 

4.2.4 River degradation and the trajectory of recovery 
 

Disturbances which increase flow energy relative to sediment supply can initiate a 

process of incision which progresses through the catchment as a systematic 

lowering of the channel bed, known to geomorphologists as degradation. The 

process involves stages which progress at different rates in different settings. 

The phases of channel adjustment over time are described by channel evolution 

models (CEMs). They depict morphologic stages, characterised by particular 

adjustment processes, and enable past and future responses of river channels to be 

interpreted based on reconnaissance (Simon and Rinaldi, 2006). The classic CEM 

model involves four stages and applies where excess transport capacity initiates the 

disturbance. A stage of vertical incision (or degradation) steepens channel banks, 

followed by a second stage of further incision and widening of the channel, a third 

stage of aggradation of the bed is accompanied by further widening, and finally a 

fourth stage of development towards quasi equilibrium, in which channels narrow as 

they aggrade further, and bank slopes flatten (Booth and Fischenich, 2015). The 

imbalance between transport energy and sediment supply is greatest immediately 

following disturbance, so the maximum rate of morphologic change occurs during the 

first stage (Simon and Rinaldi, 2006).  

Partly because the rate of widening depends on resistance and character of channel 

boundary sediments, different river styles progress through the stages at different 

rates (Simon and Rinaldi, 2006). Coarse grained, sand bed river channels readily 

erode and widen, but because sand is deposited hydraulically, they also aggrade 

quickly to reduce stream energy and reach quasi equilibrium. Channels with fine 

grained cohesive banks resist lateral erosion, remaining steep for longer, as fine 
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sediments transport out of the system so that aggradation does not occur readily. 

This maintains high energy channels longer. Through these influences, incision 

progresses through a similar sequence of events at very different rates, and results 

in differing channel forms in different rivers.  

The rate at which disturbance moves through a system is complicated by the 

influence of bank materials, geomorphic and landscape controls (Fryirs and Brierley, 

2000), tributary trunk relationships (Cohen and Brierley, 2000) and other factors. A 

lagged response results, with different reaches and sub-catchments at different 

stages at any one time, with different potential for long term recovery. Recovery from 

extreme disturbance events may be impossible, with a lagged response through the 

system likely to continue indefinitely (Fryirs, 2017). 

Based on historical insights about a river’s past condition and understanding of its 

recovery potential, management can be targeted at achievable outcomes. Adaptive 

management principles can be applied that set ‘moving targets’ which can be 

adapted as natural recovery processes progress (Brierley and Fryirs, 2016). In rivers 

where information is lacking and catchment history is complex, moving targets are 

essential as they leave room to adjust goals as understanding increases. 

 

4.3 Methods 
4.3.1 Defining reaches and identifying river styles 
 

The Scamander River has been classified into reaches from its headwaters to the 

outlet, with boundaries based on upstream transitions. Visual evidence has been 

used to determine reach boundaries and identify geomorphic units. This was based 

on state aerial photography and ESRI imagery from Land Information Systems 

Tasmania (Tasmania, 2017) as well as a 1:25,000 map of lithology of the catchment 

produced by Mineral Resources Tasmania (Calver et al., 2011). A 2metre resolution 

digital elevation model (DEM) of the Scamander catchment created from data 

collected in 2014 by Forestry Tasmania has been used with ArcGIS tools to develop 

further data and images. This included elevation, slope and profile curvature 

imagery. Field methods are described in Chapter 3. Observations and photographs 
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collected in the Scamander catchment by the author over several years have 

contributed to observations of channel change.  

Definition of Reach boundaries have been defined and river styles identified for the 

Scamander from its headwaters to its outlet, and for the Avenue River. Processes 

selected to define reach transitions include commencement of channel incision, 

change of lithology or valley confinement, appearance of a definable channel or of 

floodplain pockets along valley margins, significant tributary junctions and interaction 

between river and tidal flow. The River Styles Framework has guided river style 

identification. Where the Scamander River’s channels flow through the estuarine 

basin and have characteristics that may be unique to the Scamander, names for 

river styles have been developed from a combination of riverine and estuarine 

features.  

Reach boundaries have been manually digitised as a polyline shapefile and overlaid 

onto a 2-metre resolution DEM of the catchment. The Scamander River’s lower 

reaches to the opening have been mapped onto an extract of the 2 metre (DEM) 

showing elevation with hillshade applied, overlaid with geology. A 20m contour line 

has been included to approximate maximum sea levels during interglacial periods. 

Reach descriptions have been developed separately in tabular form for the 

Scamander’s main channels in the lower catchment (Table 4.2 in results) for the 

Scamander above Riversmeet (Table 4.4), and for the Avenue River (Table 4.5). 

Geomorphic units, river style and upstream transition have been tabulated for each 

reach. For the Scamander above Riversmeet, granite or Mathinna Group lithology 

provide the basis for process form relationship groups due to the strong influence of 

lithology on channel form and sediment processes. Lithology does not change along 

the main channel of the Avenue and consecutive reaches are often very dissimilar. 

Process form relationships have therefor been presented separately (Table 4.6) with 

groups based on shared characteristics, including level of bedrock control, valley 

widening, lithology, and bedload. In the Scamander’s main channels, reaches have 

been grouped based on the degree of tidal influence and saltwater intrusion. 

From reach SM08 to SM01 (outlet) (Figure 4.4 in Results), channels of the 

Scamander are influenced by tides, and too deep for direct observation of channel 

bed conditions. In October 2019, a Garmin GT20-TM Transducer (measurement 
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error 0.05m) was used to map the river bottom in reach SM05 (Figure 4.6 in 

Results). This device produces a contour image on a screen but has no download 

capacity. The contour image on the screen was photographed from 10 cm distance 

to produce a series of images which were cropped and assembled digitally into a 

single image in Microsoft Paint 2007. A recreational diver provided further 

observations of the nature of the channel bottom at this site in 2017. 

4.3.2 Assessing Trajectory of Recovery 
 

Stage of channel evolution has been assessed based on the classic channel 

evolution model (CEM) for reaches which have a capacity for lateral adjustment and 

sufficient available information. CEM applies to natural channels disturbed by excess 

transport capacity, such as occurs with a base level fall (Booth and Fischenich, 

2015). The stages are outlined in Table 4.1. 

TABLE 4.1 STAGES OF CHANNEL EVOLUTION INITIATED BY EXCESS TRANSPORT 
CAPACITY 

Stage Process Channel changes 

1 Vertical incision  Channel deepens and banks steepen, most 
rapid rate of morphological change 

2 Further incision and 
widening 

Channel continues to deepen, and banks are 
eroded, rate of widening depends on bank 
materials 

3 Aggradation and 
further widening 

Sediments build up to reduce channel depth 
and bank erosion continues. 

4 Quasi equilibrium Channels narrow as they aggrade further, 
bank slopes flatten, vegetation establishes.  

After (Booth and Fischenich, 2015) 

 

Recovery potential has also been interpreted as presented by Fryirs and Brierley 

(2000) Figure 4.3.  
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Figure 4.3: Recovery potential: Possible outcomes for reaches within a river affected by 

disturbance may be very different. Adapted from (Fryirs and Brierley, 2000) 

These two approaches have been selected as appropriate level of information 

available for reaches in this study. More sophisticated approaches (Brierley and 

Fryirs, 2016) require inputs such as stream power calculations and detailed evidence 

of changes in channel dimensions over time; these are not available for the 

Scamander. The approaches used here give an indication of likely reach evolution 

based on local knowledge and historical information informed by geomorphology and 

involve a degree of subjectivity. 

 

4.4 Results and Discussion 
4.4.1 Scamander River channels below Riversmeet 

 

Reaches of the Scamander River from its junction with the Avenue to its outlet to the 

Tasman Sea are mapped onto a hillshade background with lithology in Figure 4.4. 

Reaches have been numbered and are discussed beginning at the outlet. This is to 

allow for the influence of disturbance in this catchment which occurred at the outlet 

and travels upstream through the catchment. In Table 4.2 geomorphic units are 

described, river styles and upstream transitions are identified. Process form 

relationships are described for groups of reaches. This section of the Scamander will 

be the focus of this chapter. 
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4.4.2 Scamander River estuarine channels  
 

A contour line at 20m APSL, the approximate maximum sea level reached during 

interglacial periods in this region, extends beyond Riversmeet junction (Figure 4.4) 

into the lower channels of the Avenue. Under these conditions, much of the 

contemporary Scamander River valley would have been inundated by seawater. By 

contrast, during glacial periods, when sea levels fell up to -130 m APSL, rivers 

flowed over the steep continental shelf off Tasmania’s east coast. Under these 

conditions, the Scamander’s contemporary estuarine channels would have been in 

the mid catchment, where channels are more energetic. The channels below 

Riversmeet would alternately have carried high energy flows that eroded the channel 

bed during periods of low sea level and been low energy sites of channel 

aggradation and deposition of floodplains during high sea levels. These 

approximations are significant because they indicate that structures preserved within 

the contemporary catchment as landscape memory have been formed under, and 

persisted through, contrasting flow conditions over repeated glacial cycles lasting 

thousands of years. 

Reach SM01, the Scamander’s contemporary outlet to the sea is an unstable 

channel first formed when the second bridge at Scamander collapsed in 1889 (Anon, 

1889). This unusual reach has been named a ‘moving channel sand belt within a 

flood tide delta’ for this study, as no appropriate existing river style was found. It is 

frequently closed in dry periods, opened by heavy flows, and has been artificially 

opened at irregular intervals since 1897 (Fearman, 2017).  

Another three outlets to the sea are part of the landscape memory of the Scamander 

(Figure 4.4). The outlet depicted on the earliest map (Dawson, Circa 1844) was 

stabilised by a barrier typical of wave dominated coasts. It lay approximately 400m 

north of the contemporary opening and had been in place about 5,000 years, the 

period of relatively stable high sea level (Morrison and Ellison, 2017). It was often 

closed during the winter and is believed to have been further stabilised by a rocky 

layer below the channel (See Chapter 5). A third flow path was activated during the 

flood of 1929 when the sixth bridge gave way and an unusually high concentration of 

wood blocked the river opening, diverting flow behind the dunes to Falmouth (Anon, 

1929). 
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A fourth abandoned river opening was described by early geologists (Jennings, 

1968, Twelvetrees, 1911). It extends from Reach SM03 south eastward, at a higher 

elevation than the current outflow, but below 20 metres APSL (Figure 4.4). Based on 

the slow rate of erosion of the rocky gorge, the flow path through it can be assumed 

to predate the Holocene period (Corbett 2020) and have existed through cycles of 

sea level rise and fall. The abandoned opening is much older. The morphology of the 

contemporary opening is recent and unstable. Whether it will remain degraded, or a 

new, stable form can be created depends on numerous factors. These will be 

discussed further in Chapter 5, based on observations from community members. 
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Figure 4.4: Map of Scamander River showing reach boundaries and landscape history. Extent of sea level intrusion at 20m APSL is show in red. Alternate 

outlets to the sea, H with inner and outer channel digitised from earliest historical map (Dawson, 1844) about 400m north of current opening, PH - pre-Holocene 

opening at lower right, C – contemporary opening and 1929 path taken by flow after last bridge collapse.  

 

Outlets: 

C Contemporary 

H Historical  

1929 Last bridge 

PH Pre-Holocene 
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TABLE 4.2 SCAMANDER RIVER MAIN CHANNEL REACH ASSESSMENT: 
 

ID* 
NAME 

Geomorphic Units * 
Erosional (E) or Depositional (D) 

Reach Description 
/ River Style 

Upstream 
Transition 

Process Form Relationships 

SM01 
River 
Mouth 

L & R: Sand sheets (D) 
CB: Mobile sand bed (E) 

Unconfined valley, 
moving- channel 
sand belt within 
flood-tide delta 

Sea level sand 
deposition, 
wave influence  

Significantly tide influenced: Legacy features: 
Drowned river valley due to sea level rise 
between -13,000 to -5,000 BP. Estuarine 
barrier due to wave dominated conditions, low 
energy environment on landward side.  Arid 
climate, frequent high rainfall events, efficient 
sediment delivery, basin infilled to near 
contemporary sea level. 
Catchment history post 1850:  Collapse of 
bridges in floods transporting large wood 
(1865 to 1929) scoured out barrier.  
Contemporary features: River opening blocked 
by a shallow sand plane with unstable moving 
channel. Flood flows carry sediments and 
wood out to sea. Tidal fluxes move inland 
when channel is open to the sea. Water levels 
built up to approx. 1m above sea level when 
opening is blocked by sand. Contemporary 
channel banks are fine cohesive sediments, 
incised with undercutting and slab failure. 
Channel bed incised to bedrock, with sand 
sheets depositing on bed and attached to 
banks within channel at Prices Strait. Some 
overbank deposition of fine sand as levees and 
by evaporative deposition within backswamps. 
Lateral bedrock control by rock walls 
minimises channel migration despite powerful 
flows during floods.  

SM02 
Basin 
Outlet 
Gorge 

L & R: Laterally bedrock confined banks (E), 
Bank attached sand deposits (D) in lea of rock 
outcrops (E) 
CB: Sand deposits (D) atop bedrock (E) 

Bedrock confined 
gorge, with in 
channel sand 
deposits 

Lateral 
bedrock 
confinement 
through gorge 

SM03 
Basin 
Circuit 

L: Mudflats with levee of silt and sand sediments, 
with embedded cobble layers (D), incised bank with 
undercutting and block failure (E), 
R: Bedrock bank (E) with floodplain pockets(D) 
behind rock armouring and road. 
CB: Sand deposits (D) atop bedrock, deep pools at 
rock outcrops (E) 
 

Sediment filled 
estuarine basin, 
with incised 
bedrock confined 
tidal river channel 

Increased 
valley width, 
reduced slope, 
strong tidal 
influence 
within 
channels 

SM04 
Prices 
Reach 

L: Bedrock and colluvium slopes (E) with floodplain 
pockets (D), extending to mudflat with levee (D). 
R: Fine silt floodplain (D) in lea of rock ridge (E), 
with backswamp and shallow levee (D), Steep 
incised fine cohesive banks atop sand layers (D), 
with undercutting and block failure (E) 
CB: Bank (L) attached sand sheets (D) sand bed (D), 
pools, patches of seagrass (Zostera muelleri) re-
establishing along base of banks. 
 

Partly confined 
valley with 
continuous 
floodplain, straight, 
sand bed channel. 

Right Arm 
tributary input 
of sand, 
moderate tidal 
influence 

SM05  
Hospital 
Corner to 
Right Arm 

L & R: Lateral confinement by rock wall and 
colluvium at concave bends (E), fine cohesive 
sediment deposits at convex bends, embedded 
cobble and sand layers (D), steep incised banks (E);  
CB: Bank attached sand deposits (D) over bedrock. 

Gooseneck bends 
forced by rock 
outcrops 
perpendicular to 
channel (Abrupt) 

Sinuous valley, 
lateral bedrock 
control 

Code for Geomorphic Units column: L – Left Bank, R- Right Bank, CB – channel Bed; (E) Erosional and (D) Depositional formations 
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Table 4.2 continued 
ID* 
NAME 

Geomorphic Units * 
Erosional (E) or Depositional (D) 

Reach Description 
/ River Style 

Upstream 
Transition 

Process Form Relationships 

SM06 
Dunns  

 L: Fine cohesive floodplain deposits (D), embedded cobble and 
sand layers (D), incised channel banks (E), paleochannel (E), active 
erosion at island and concave bank of elbow bend (E), deposition at 
convex bend (D),  
R. Fine cohesive floodplain(D), flood runner (E), tributary with swale 
deposits (D). 
CB: Bedrock (E) with submerged sand and gravel deposits (D).  
 

Unconfined 
valley with 
continuous 
floodplain 

Midstream 
island outcrop  

Elevated floodplain and tidal 
influence 
Legacy features: Elevated 
floodplain sediment deposits 
over bedrock and remnant 
structures that lie above 
contemporary flood levels. 
Complex channel forms 
including flood-channels, 
abandoned channel, ridge and 
swale topography are activated 
at flood levels above bankfull 

(Estimated Q5).  

Contemporary features: Deeply 
incised channel with high level 
of lateral bedrock control. 
Mixed bedload of cobbles, 
gravel, sand, plus suspended 
sediments during floods, 
suggests migration of incision 
upstream.  Mixed bedload 
deposition across channel 
where vertical bedrock control 
reduces depth, and at mid-
stream island (SM07). Tidal 
influence, water level 
maintained near sea level or 
above in channels, depending 
on status of opening and river 
flows. 

SM07 
Upstream 
of 
Billy Goat 
Island 

L & R: Laterally bedrock confined channel, steep hillslopes (E), 
veneer of fine sediments over right bank and bank attached mixed 
load deposits (D). Floodplain pockets of fine cohesive sediments 
with embedded cobble/ gravel layers (D) vegetated with native 
shrubs and trees, grasses, and semi-aquatics to water line.  
CB: Mixed bedload (largely cobbles, gravel, sand) (D) over bedrock 
base (E), Stable in stream vegetated island with partly sorted 
bedload deposition upstream (D) 
 

Partly confined 
valley with 
bedrock 
controlled, 
discontinuous 
floodplain 

Reduced depth 
of bedrock 
below channel, 
cobble, and 
gravel 
deposition 

SM08 
Semmens 
 

L & R: Elevated floodplains of fine cohesive sediments with 
paleochannels (D), steep incised banks (E) of fine sediments with 
embedded cobble layers (D), well vegetated lateral bedrock 
outcrops (E),  
CB: mixed bedload (sand, gravel cobbles (D) atop bedrock (E) 

Partly confined 
valley, with 
planform 
controlled 
discontinuous 
floodplain 

Floodwaters 
re-enter 
channel from 
flood-runner 
 

SM09 
Loyatea 
 
 

L:  Laterally confined by bedrock and cemented cobbles and 
boulders (E), stable soil covering, diverse native vegetation (grasses, 
semi-aquatics, shrubs, trees close to water line. 
R: Floodplain of fine sediments with flood channel (D), stable banks 
with diverse native vegetation including large trees close to water 
line, with embedded large wood (D)  
CB: Shallow channel, mainly bedrock (sandstone, Mathinna Group). 
with scour pools (E), some bank attached mixed bedload (gravel 
and sand) (D), in stream large wood with forced sand deposits (D). 
 

Partly confined 
valley, with 
discontinuous 
planform-
controlled 
floodplain 

Reduced 
bedload 
deposition, 
raised bedrock 
channel bed, 
junction with 
paleochannel 
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Table 4.2 continued 

ID* 
NAME 

Geomorphic Units * 
Erosional (E) or Depositional (D) 

Reach Description / 
River Style 

Upstream 
Transition 

Process Form Relationships 

SM10 
Ryans 
Bridge 

L & R: Elevated floodplain of fine cohesive 
sediments with pasture (D), incised banks with 
native vegetation, willows, and weeds (E), 
CB: Bank attached bars of mixed bedload 
(Cobbles, gravel, sand) some vegetated- willow, 
weeds, semi-aquatics (D), pools, chute channels. 
Low concrete weir atop bedrock across channel 
near downstream end. 

Unconfined valley, 
incised planform-
controlled channel, 
mixed bedload 

Bridge 
influence, active 
erosion, 
bedload 
deposition 

Above saltwater intrusion 
Contemporary features: Significant bedrock 
and planform control. Incised channel, with 
mixed bedload including cobbles, gravel, and 
sand. Active gravel slugs at SM11 and SM10. 
High suspended sediment load and wood 
transport during floods, some accumulation of 
wood on floodplain surfaces. Floods confined 
within channel to approx. Q5. Hydraulic 
deposition of quartz sand mixed with coarser 
bedload forms bank attached bars and bars at 
mid-stream, stabilised largely by native 
vegetation. Repeated disturbance by bridge 
washouts at Ryans bridge destabilises banks, 
willows (Salix sp.) and weeds are prevalent 
here. Consistent with historical channel 
incision, followed by infilling with gravel, and 
gradual re-stabilisation of banks where further 
disturbance is now occurring. 

SM11 
Water 
Supply 

L: Elevated floodplain of fine-grained cohesive 
sediments with pasture(D), bench with willows, 
incised banks (E), native vegetation. 
R: Steep rocky slope with native veg (E),  
CB: Bank attached partly vegetated bars of coarse 
mixed bedload (Mainly cobbles of Mathinna 
Group, gravel, little sand) (D) atop bedrock (E), 
gravel slugs (D), pools, chute channels (E) 

Unconfined valley, 
planform-controlled 
channel, mixed 
bedload 

Instream 
deposition of 
sand, gravel, 
instream 
vegetation 

SM12 
WRT Meter 

L & R: Stable valley infill sediments (D) atop 
bedrock,  
CB: Sand and gravel patches (D) atop Bedrock (E)  

Partly confined 
valley, planform-
controlled channel 

Planform 
controlled, 
stable reach 

SM13 
Upstream 
Ryans Bend 
 

L: Bedrock bank with sediment remnants 
alternating with colluvium (E), R: Valley infill fine 
sediments with embedded cobble and gravel 
layers (D) 
CB: Mixed bedload (Cobbles, gravel, sand) (D) 
atop bedrock (E) 

Partly confined 
valley, bedrock-
==controlled 
channel 

Valley widening, 
channel incised 
into floodplain. 
 

SM14 
Rivers Meet 

Laterally confined by bedrock (E), Sand banks 
with gravel deposits (D),  
CB: Mixed bedload (cobbles, gravel, sand) (D) 

Confined valley with 
floodplain pockets 

Junction of 
tributaries with 
different 
bedload chars. 

Code for Geomorphic Units column: L – Left Bank, R- Right Bank, CB – channel Bed; (E) Erosional and (D) Depositional formations 
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Reaches SM02 to SM05 are associated with the Scamander’s estuary, which has 

features characteristic of a wave dominated estuary (Figure 4.5 A) and others that 

are unusual. The gorge (SM02) is not typical and lack of a stable barrier at the 

opening is unusual. The gorge contributed to destabilisation of the opening during 

bridge collapses by containing wood transported towards the bridges during floods 

and confining water backed up in the basin to a narrow channel, causing it to rush 

forcefully towards the barrier. Having little room for adjustment between bedrock-

controlled channel walls, adjustment in the gorge is limited to the vertical dimension, 

giving it a high probability of recovery. Sand deposits adjacent to the walls suggest 

channel aggradation to conditions compatible with low energy periods is underway. 

The incompletely filled basin is typical of a semi mature wave dominated estuary 

(OzCoasts, 2015) but the energetic channels flowing around it are not. River 

channels normally flow into the estuary’s basin (Figure 4.5A), but in the Scamander, 

they flow around the basin to the opening, resembling those of a wave dominated 

delta (Figure 4.5 B). Basins fill with sediments during low energy conditions 

associated with high sea level phases, once the basin is full, channels typically flow 

over the sediments and the channels become the estuary, which may then be called 

a ‘mature riverine estuary’ (Roy et al., 2001).  

The incised channel flowing around the basin (SM03) of the Scamander is evidence 

of incision occurring once the basin is nearly filled, through some form of base level 

fall. Past periods of low sea level may have created these channels. Their planform 

is unchanged since the first mapping of the catchment (Dawson, Circa 1844) and 

they cannot be a direct result of disturbance in recent times. Upstream transmission 

of incision resulting from bridge collapses is likely to have follow pre-set channels, 

that were largely filled with sediments (Figure 2.4). Reach SM03 has steep, incised 

banks of fine cohesive sediments over layers of sand and gravel, which provide 

evidence of periods of high energy alternating with low energy flows. Contemporary 

high energy conditions are not compatible with high sea levels, nor with the 

depositional environment described in this area during the late 1800’s, which 

accumulated wood and fine sediments (Vagrant, 1889, Idler, 1891). The reach is 

disturbed development of a new stable condition depends on delivery of sediments 

from the upper catchment, and whether its steep, incised banks can re-stabilise. This 

will be influenced by many factors, including land use and recreational impacts. 
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Figure 4.5 Typical features of wave dominated estuary (A) and delta 

(B) 

 At the mouth of a wave dominated estuary, high wave energy 

produces a sand barrier across the opening. A low energy, 

depositional environment results on the landward side. The basin 

is gradually infilled with terrigenous sediments deposited at the 

fluvial delta, where river channels enter the basin.   

Once the basin is filled, a wave dominated delta (B) results. At this 

stage, river channels flow to the sea, and the channels become the 

estuary (Ozcoasts, 2015). These are also known as mature riverine 

estuaries (Roy et al. 2001) 

 

A 

B 
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SM04, Prices Reach, is a 1.5 km long straight channel, that has change little in 

planform since William Dawson first mapped the catchment circa 1844. Bedrock 

control is exerted at its northern entry by a wall of vertically uplifted Mathinna Group 

rocks that rises to 11m above water level, and a river cliff carved into the Scamander 

Tier (Table 4.3 A and Figure 4.6). A backswamp extends along the entire length of 

Prices Reach. Exploratory sediment coring revealed that fine, dark cohesive 

sediments extend beyond 1.9 metres depth, with no evident layering. Basal deposits 

in backswamps in the Hunter River Valley have been Optically Stimulated 

Luminescence (OSL) dated at 24.93.0 years BP (Fryirs and Brierley, 2010). 

Bedrock control. Dating was beyond the scope of this study, but the age of this 

backswamp may include several glacial cycles, given the slow rate of erosion of the 

bedrock formations at its opening. 

On Prices Reach, boats towing water skiers or other recreational devices are exempt 

from the 5 Knot speed limit that applies to other parts of the Scamander, and to most 

rivers in Tasmania. Survey participants (Chapter 5) whose families have used the 

reach for decades for recreation observed that the channel was too deep to dive to 

the bottom in the 1970’s and has aggraded so that it is now possible to stand in 

many parts. Channel banks are steeply incised and consist of very fine dark, 

cohesive sediments which resist erosion. Such channels have been shown to 

prolong the stage of deep incision that follows fall in base level (Simon and Rinaldi, 

2006), the timespan may therefore be compatible with incision initiated by historical 

bridge collapses.  

At the northern end of Prices Reach, the Scamander is joined by Arm Creek, which 

flows through a shallow basin filled with fine sediments. This section of the river 

resembles the banks of the estuarine channels of the Scamander depicted in the 

painting (Figure 2.1) and photograph (Figure 2.4) which are the earliest images of 

estuarine channel banks on the Scamander. Arm creek contributes a high sediment 

load to flood flows (Table 4.3 B). The condition of the basin through which Arm 

Creek flow suggest it may have preserved conditions prior to disturbance. This 

raises a question about flow interactions and the possible role of log jams promoted 

by the narrowing of the channel and hanging cable bridges at this site (Chapter 5).  
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TABLE 4.3 PRICES REACH (SM03) FEATURES INFLUENCING RESILIENCE AND 
RECOVERY 

 

A.  
Bedrock outcrop of vertically 
displaced Mathinna Group 
rocks, with river cliff opposite 
confines entrance to reach 
and restricts planform 
adjustment to disturbance.  

 

B. 
Input of sediment laden flow 
from Arm Creek at right joins 
Scamander at left, entering 
Prices Reach during heavy 
rains April 14, 2011.  

 

C. 
Build-up of sediments against 
incised banks about 1m high 
along Prices Reach reshapes 
angular banks, sediments 
subsided over some years. 

 

D. 
Sediments at base of bank 
indicate aggradation of 
channel bed. Block failure of 
undercut incised banks cause 
well established riparian 
vegetation to collapse, 
widening channel.  
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Figure 4.6: Map of Antecedent controls in Scamander River lower channels: Blue represents level surfaces which include sediment deposits and water 

bodies. Incised riverbanks appear as yellow to green lines. Surface elevation of backswamps and adjacent ridges is shown at erosion resistant landforms. 
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The channel bed of Prices Reach is shallow immediately downstream of, and 

increases gradually in depth with distance from, the junction with Arm Creek (Figure 

4.7). During the flood of 2011, which occurred after clearing of pine plantations from 

the Arm Creek catchment, sand deposits were draped over the banks of Prices 

Reach, reforming angled slopes (Table 4.3 C) These deposits subsided with time, 

but sand continues to build up against the base of incised banks during high flows. 

Although riparian vegetation is substantial, block failure along these banks has 

increased in recent years (Table 4.3 D). Large blocks of soil and trees have fallen 

into the channel with heavy flows in 2020 following several years of drought. Semi 

aquatic vegetation has been establishing slowly on deposits at base of banks and 

sea grass, most likely Zosteri muelleri (Rees, 1993). 

This sequence of changes suggests Prices Reach has entered the third stage 

following disturbance, which involves further aggradation and widening of the 

channel (Table 4.1). This may lead to establishment of a more stable, created 

condition (Figure 4.3) with a new equilibrium. Fallen blocks and depositing sediments 

would need to stabilise to develop angular banks. Persistence of establishing 

vegetation, and retention of fallen trees would be required, which will depend on 

stream powers during floods, riparian zone management, and possibly the influence 

of boat wakes. 

Reach SM05 begins at the Prices Strait ridge, and winds around a second ridge at 

Hospital corner. Its planform resembles alluvial meanders, a characteristic which can 

cause misinterpretation of river styles. Fryirs and Brierley (2010) caution that field 

evidence is needed to correctly identify reach character. The two curves in Reach 

SM05 are represented as ‘alluvium, swamp, and marsh deposits’ in the St Helens 

Geological Atlas (Hollick and Meech, 1987). It is likely that geologists producing the 

map did not visit this part of the Scamander on foot due to time restrictions and the 

labour-intensive nature of geological mapping (Corbett, 2020 personal 

communication).  

These details are relatively insignificant on the scale at which geologists map 

lithology, but highly significant in terms of river geomorphology. An alluvial meander 

represents a very different set of river processes from a bedrock-controlled bend. 

These erosion resistant structures reduce the Scamander’s capacity for lateral 
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adjustment at this site. This makes channel planform highly resistant to high energy 

flows and has a very significant influence on both the stability of the backswamp and 

the nature of response to historical disturbance events.  

A backswamp has also formed at Hospital Corner with deposits of whitish clay. The 

very different characteristics of the backswamps are consistent with Fryirs and 

Brierley (2010) finding that landscape memory can be different for each floodplain 

pocket, reflecting controls on valley width and persistence of secondary confining 

features which produce unique sets of conditions.  

The channel bottom of Reach SM05 is illustrated in Figure 4.7 as measured with a 

transducer and it was further investigated by a diver. Pools up to 9m deep, scoured 

down to bedrock, with boulders at their base, were found where the channel collides 

with rock walls. Between the rock walls, sand is draped over the bottom, reducing 

channel depth to less than 2 metres in places This pattern resembles the distribution 

of bedload in the ‘old folded rock forced bends’ described in Chapter 3 where pools 

containing boulder are found at the base of the rock walls, with cobble bedload 

deposited where flows are less energetic. Bedrock determines bed morphology in 

rivers with discontinuous floodplain pockets, and sediments deposit in response to 

flow energy (Fryirs et al., 2016). This suggests that river hydraulics during floods 

dominate sediment dynamics in this reach, despite the influence of tides on water 

levels. Channel aggradation is occurring at pockets of lower flow energy, while Most 

of the bed is subject to stream powers too high to deposit available sediments, but 

channel aggradation is occurring at pockets of lower flow energy.  

Energetic floods, inputs from tributaries and changing opening regimes all influence 

flow and sediment dynamics in these tidally influenced reaches of the Scamander. 

These factors add complexity to the progression through the stages of channel 

evolution, and to the recovery potential of individual reaches (Simon and Rinaldi 

2006). This contributes to a complex lagged response to disturbance that will 

continue to change over time.  
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 Figure 4.7 Depth profile of Reach SM05: Deep pools formed where flow collides with rock walls, alternate with shallower sections.   

Riverbed levels out and becomes moderately shallow at Prices Reach (lower right). 
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4.4.2 Middle Reaches of the Scamander’s main channel 
 

Reaches SM06 to SM09 are tidally influenced to a lesser degree, with saltwater 

penetrating to the transition between reaches SM09 and SM10 (Figure 4.4), where 

the Scamander water supply weir is located. Contemporary channels show a high 

degree of bedrock and planform control. Quaternary sediment deposits form a 

floodplain in which evidence of previous, lower energy channels is preserved. 

Abandoned channels evident on floodplain deposits within the valley between 

(Figure 4.8, A, B & C) have low flow capacity, and little bedrock control relative to 

contemporary channels These characteristics are consistent with lower energy 

conditions that would be expected during periods of aggradation, when sediment 

supply exceeds flow capacity. Contemporary channels lie closer to concave bends 

carved into bedrock river cliffs, a higher energy channel position, which is resistant to 

further change. This suggests contemporary channel form is influenced by high 

energy conditions, despite high sea levels existing in the area for some 5,000 years 

(Morrison and Ellison, 2017). This contradiction would be consistent with high energy 

disturbance events recorded since European settlement (Ch. 2) influencing channel 

morphology, against a background of an extended period of aggradation.  

Investigations in similar rivers have shown that partly confined terraces and 

floodplains occurring at similar elevations in the same valley can originate in different 

cycles, with different basal ages (Cohen and Nanson, 2008). Extensive sediment 

dating would be required to determine the period in which these channels were 

developed in the Scamander. 

The upstream transitions of reaches SM09 and SM07 occur where channel depth is 

reduced by erosion resistant bedrock. Mixed bedload is deposited in stream at these 

locations. At reach SM07, deposition of sand and gravel is occurring at an instream 

island and the adjacent floodplain is eroding causing an increase in channel 

sinuosity. Increased sinuosity is one of the indicators of the fourth phase of channel 

adjustment, when the channel moves towards a new equilibrium. However, 

movement of gravel slugs through these channels may contribute to further 

degradation. The complexity of sediment deposition and erosion in these reaches is 

consistent with a lagged response to disturbance. The variety of factors acting on the 

channels complicates the potential for future response.
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Figure 4.8: Landscape history in sediment deposits Reaches SM04 to SM14: Extent of valley deposits outlined in yellow, abandoned channels in blue. 

Preserved landforms and evidence of channel change reflect complex landscape history. At A, B and C, abandoned channels are evident. At D, the lobe 

consists of clay with embedded rounded boulders. At F and G, resistant ridges define river planform and promote backswamp formation (Detail in Figure 

4.7). Level area at E has a veneer of quartz sand with rounded quartz pebbles. Fine, dark sediments fill the basin from H towards the sea, a natural levee 

of sand with embedded gravel and cobble layers along left side of the channel from Prices Strait to the opening gorge is steeply incised. 
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4.4.3 Channels below Riversmeet Junction  
 

Below the junction of the Avenue with the Scamander (reaches SM14 to SM10, 

Figure 4.4) a group of reaches are influenced by the combined flow from these two 

contrasting streams and the products of erosion of their different lithologies. The 

influence of lithology on channels reduces, as bedrock control gradually decreases, 

an irregular, partly confined valley develops, with increasing planform control. 

Adjustment in planform is limited in such rivers, with channel adjustment occurring 

mainly through vertical incision and aggradation.  

In reaches SM14 to SM10, the channel is incised and steep walled. During high flow 

events, it is highly connected in terms of sediment transport with the Scamander and 

Avenue. It transports mixed bedload of large cobbles, gravel, and sand, and carries 

plentiful large wood. As flow velocity reduces, gravel slugs deposit in the channel 

and act as a ‘blanket’ trapping finer sediments during low flows. Fryirs et al. (2007) 

describe similar conditions in other Australian rivers as ‘pulsed’ sediment 

conveyance, which is associated with disturbed channels. Highly variable flows, 

typical of Australian rivers, along with efficient sediment delivery, which is associated 

with semi-arid climates, contribute to these conditions. Sediments are derived mainly 

through gullying and bank erosion processes, which is consistent with evidence of 

sediment delivery from incised tributaries in the Avenue (Chapter 3.)  

Fryirs et al. (2007) describe the relationship between sediment transport and flow 

energy in terms of a series of buffers, barriers and blankets that impact to different 

degrees on continuity of sediment transport as flow conditions change. These 

impediments are activated and de-activated at different flow levels, changing the 

effective catchment area from which sediments can be transported at different flood 

levels. Gravel slugs in this part of the Scamander catchment are one form of blanket, 

which traps finer sediments, including sand, during low flows, but when gravel 

becomes mobile in higher flows these sediments are transported with the gravel 

further downstream. Considerable change to channel form can occur in floods that 

exceed the flow energy required to mobilise gravel.  

The presence of vegetated bank-attached-bars suggests the channel is progressing 

to the fourth phase of the cycle of degradation and recovery, which follows 
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considerable aggradation of the channel. The timing of large floods, and the rate at 

which in-channel banks can be stabilised by vegetation, influence recovery potential. 

If these features remain stable, the channel begins to narrow and move towards a 

new state of quasi equilibrium. The recovery potential of these reaches therefore 

depends on future rainfall patterns, and land use activity such as forest clearing that 

may influence flood response. 

4.4.4 Reach assessment for the Scamander above Riversmeet 
 

The reaches of the Scamander above Riversmeet are grouped in Table 4.4 based 

on lithology and mapped in Figure 4.9. They are discussed beginning at the 

headwaters, consistent with the influence of flow conditions. The first five reaches 

flow over granite lithology (Granite headwater group), alternately flowing over 

shallow terrain and through steep gorges. Where terrain is shallow, low energy 

channel forms - Intact valley fill (SU14, SU12) and Discontinuous multi-channel sand 

bed (SU10) are well vegetated and appear intact. Channels in low slope sections are 

shallow, with poorly defined bankfull levels. These channels are difficult to 

distinguish in aerial photos as they are densely vegetated. Even in the field, at road 

crossings, channels can barely be distinguished through the trees and cannot be 

accessed. Riparian, in stream and aquatic vegetation are found throughout these 

channels, and allochthonous organic materials accumulate within and beside them. 

There is no evidence of active vertical incision or bank erosion in aerial photographs.  

These features are evidence of low energy, undisturbed channels, consistent with 

contemporary flow conditions. They are also consistent with characteristics 

described in early reports on streams in Tasmania shortly following arrival of 

Europeans, and conditions inferred by Walter and Merritts (2008) to have been 

prevalent in the Atlantic Piedmont of the USA prior to changes induced by mill dam 

construction. 

Bedrock confined gorges (SU13, SU11) have high resilience. They are persistent 

channel types which are compatible with a wide range of flow conditions and change 

little as neither lateral nor vertical adjustment are readily possible, except where 

sediment is available from upstream to allow aggradation of the channel bed. This 

group of reaches are in intact condition. 
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TABLE 4.4: SCAMANDER RIVER (ABOVE RIVERSMEET) REACH ASSESSMENT 
 

ID* 
Name 

Geomorphic Units 
 

Reach 
Description / 

River Style 

 
Upstream 
Transition 

 
Process Form Relationships 

 
SU14 

Haleys Country 

L & R:  Shallow banks of sand and organic 
matter (D), indistinct vegetated channel (D) 
CB:  Sediment deposits (D) 

Intact Valley 
Fill 

Stream 
initiation in 

granite lithology 
(Gradual) 

Granite Headwaters Group: 
Granite lithology dominates in the upper 
catchment. Layers flake off boulders under 
the influence of temperature change 
including heat from fires, water penetration 
and freezing. Flakes with coarse crystals 
erode further to coarse sand which settles 
in low lying areas mixed with organic matter 
to form deposits with high water holding 
capacity. Stream channels have shallow 
banks and are poorly defined. Sand is 
hydraulically deposited on the stream bed, 
providing anchorage for aquatic, semi-
aquatic and terrestrial plants. Channel 
roughness is high due to vegetation, 
boulders, and trapped wood. Granite 
bedrock makes channel bed resistant to 
vertical incision. Stable, shallow channels 
allow flow to move onto surrounding area 
at relatively low flood levels. High lateral 
connectivity increases water storage in 
catchment. Sediment source zone, with 
limited transfer to downstream reaches. 
 

SU13 
Gorge with 
floodplain 

pockets 

L & R:  Steep hillslopes (E), V-shaped valley 
(E), incised channel (E) 
CB:  Sand (D), bedrock (E) 

Confined 
valley, steep 
headwater 

Channel incision 
to V-shaped 

gorge (Gradual) 

SU12 
Mt Albert to 

Risky Ridge Rds 

L & R:  Sediment deposits (Sand, silt, organic 
matter) (D), highly vegetated, indistinct 
channel (D) 
CB: Sand, organic matter, plant material, 
instream vegetation (D) 
 

Unconfined 
valley, Intact 

valley fill 

Valley widening, 
slope reduction 

(Gradual) 

SU11 
Granite Gorge 

L & R: Steep densely vegetated hillslopes (E), 
CB: Granite bedrock and boulders (E), sand, 
dense instream vegetation 
 

Confined 
gorge 

Valley deepens 
(Gradual) 

SU10 
Granite Valley 

L & R:  Wide, flat bottomed valley, granite 
boulders (D), sand and gravel deposits (D), 
densely vegetated, discontinuous channel 
with wood accumulation (D) and shallow 
floodplain channels (E)       CB:  sand, gravel, 
boulders (D), densely vegetated, 
accumulation of allocthonous material (D) 

Unconfined 
valley, 

discontinuous 
multi-channel, 
sand bed with 

boulders 

Granite valley 
widens, 

deposition 
across valley 

floor 
(Gradual) 

 

Code for Geomorphic Units column: L – Left Bank, R- Right Bank, CB – channel Bed; (E) Erosional and (D) Depositional formations 
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Table 4.4 Scamander above Riversmeet Cont’d 
 

ID* 
Name 

Geomorphic Units 
 

Reach Description 
/ River Style 

 
Upstream 
Transition 

 
Process Form Relationships 

 
SU09 

Almas Cr to 
Raingauge Hill 

 
L & R:  Steep vegetated hillslopes (E), narrow 
vegetated valley with sinuous discontinuous 
channel (E) and floodplain deposits of gravel 
and fine sediments (D), wood accumulation 
(D), floodplain channels (E) 
CB:  Bedrock (E), with sand and gravel deposits 
(D), accumulated allocthonous material. 
 

 
Partly confined 

(33%) valley with 
meandering 

irregular planform 
controlled 

discontinuous 
floodplain 

 
Change to 

Mathinna Group 
lithology 
(Abrupt) 

Upper Mathinna Group: 
Lithology changes to Mathinna Group 

sedimentary rocks, which degrade 
along weak lines between layers to 

produce angular cobbles and gravel. 
These travel as bedload during floods 
and deposit as sheets on channel bed. 

Further breakdown produces fine 
sediments transported as suspended 

load.  Suspended fine sediments 
produce pockets of fine cohesive 
floodplain.  Mathinna Sediments 

breaking down along layers causes 
channels to be more well defined with 

steeper banks. Sand from upstream 
mixes with bedload to promote 

deposition within channel and provide 
anchorage for vegetation, maintaining 

channel stability. This is a sediment 
source zone, with significant transfer 
to lower reaches, and limited storage 

along channel banks. 
 

 
SU08 

Ryans to Beahrs 
Cr 

 
L & R: Steep rocky hillslopes (E), well 
vegetated discontinuous floodplain deposits 
(D) 
CB:   Bedrock channel bottom (E) with, sand, 
gravel, and cobble deposits (D), in channel 
vegetation and wood (D). 
 

Partly confined 
valley (31%) with 

planform 
controlled 

discontinuous 
floodplain 

Inputs from 
tributaries 

flowing through 
Mathinna Shales. 

 

 
SU07 

Granite shale 
divide 

 
L: Steep slope with granite boulders (E), sand 
and organic matter (D), native vegetation 
R:  Steep rocky hillslope (Mathinna Group) (E), 
native vegetation. 
Narrow strips of sediment deposition both 
sides of shallow, partly vegetated channel (D) 
CB:  Boulders, sand, cobbles, gravel (D) 
 

Bedrock controlled 
narrow, confined 

valley, low 
sinuosity channel 

with boulders 

Creek bed flows 
along boundary 

between 
Mathinna 

sediments and 
granite ridge 

(Gradual) 

 

Code for Geomorphic Units column: L – Left Bank, R- Right Bank, CB – channel Bed; (E) Erosional and (D) Depositional formations 
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Table 4.4 Scamander above Riversmeet Cont’d 
 

ID* 
Name 

Geomorphic Units 
 

Reach 
Description / 

River Style 

 
Upstream 
Transition 

 
Process Form Relationships 

 
SU06 
Faultline 
Bend 

L Steep hillslope of granite with boulders 
(E) and course quartz sand with organic 
matter (D) 
R Steep rocky hillslope (Mathinna Group) 
with tributary input (E), Steep rock walls 
(E) 
CB:  Cobbles, sand (D) over base of 
Mathinna Group. bedrock with 
rectangular runs and outcrops (E) 
 

Bedrock 
controlled ‘old 
folded rock’ 
forced bend  

Lateral bedrock 
control by 
Mathinna Group 
rock wall 
perpendicular to 
flow  
(Abrupt) 

‘Old folded rock’ forced bend: 
Channel form and flow behaviour dominated by impact 
of flow on highly erosion resistant layers of Mathinna 
Sediments lying perpendicular to channel. A tight bend 
results with a typical pattern of channel form and flow 
behaviour described in Chapter 3. This is the only such 
formation in the upper reaches of the Scamander. 

 
SU05 
Granite Falls 
Run 

L & R:  Steep slopes with granite outcrops 
(E) and sand with organic matter (D), 
CB:  Shallow, irregular channel with 
granite boulders and bedrock (E), 
bedload of shale cobbles and sand (D) 
 

Granite Run Granite lithology, 
vertical bedrock 
control 
(Abrupt) 

 
Lower Granite Group: 
Granite lithology influences channel form, with granite 
bedrock limiting vertical incision and channel banks 
being irregular and relatively low slope. Bedload 
dominated by cobbles and gravel of Mathinna 
Sediments from upstream. Bedload scours channel bed 
when mobilised in floods and limits vegetation 
establishment. Change to Mathinna Sediments at 
downstream boundary narrows valley (bridge site) and 
promotes sediment deposition, forming floodplain 
pockets. Upper section is a sediment transfer zone, 
with sediment storage increasing downstream. 

 
SU04 
Downstream 
Helens 
Marsh &GKR 
Bridge 

L & R:  Slopes of granite with boulders 
varying in steepness (E), with sand and 
organic matter (D), Input of sediments 
from marshland and tributary (D), 
extensive reworking and stripping of 
floodplain (E), incised channel (E), island, 
double channel. 
CB:  Granite boulders, sand, some 
cobbles (D), bedrock base (E) 
 

Confluence 
Induced (Fryirs 
and Brierley, 
2010) 

Tributary input 
from marshland 
(Abrupt)  
 Sediment 
deposited across 
valley. 
(Gradual) 

 

Code for Geomorphic Units column: L – Left Bank, R- Right Bank, CB – channel Bed; (E) Erosional and (D) Depositional formations 
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Figure 4.9 Map of Scamander River above Riversmeet Junction showing geology and 

defined river reaches based the River Styles Framework 
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Downstream, a group of three reaches (SU09, SU08, SU07) flow over Mathinna 

group sedimentary rocks (upper Mathinna Group Table 4.4). These flow through 

narrow valleys, where some sediment deposits accumulate. Channels of these 

reaches are continuous, with a high level of lateral confinement from bedrock and 

remnant landforms. Field observations (of SU08, SU07) show that riparian, in 

channel and aquatic vegetation are intact. Channels are regular in width, with 

evident but low bankfull levels. Flood debris suggests low level floods overflow 

channel banks, maintaining continuity with surrounding areas and storing water. 

Coarse bedload originating from Mathinna Group rocks is mixed with coarse sand, 

deposited in depressions in the rough channel bed and providing anchorage for 

vegetation. These features suggest channels are compatible with contemporary flow 

conditions. There is no evidence of active vertical incision to which Mathinna Group 

rocks are prone. This is likely due to low stream powers resulting from channel 

roughness, protection of the channel bed by sand and a lack of tools of abrasion that 

results from these conditions. 

Two reaches (S05 and SU04) make up the Lower Granite Group. The channel of 

SU05 (Figure 4.9) is straight and well defined, like those in Mathinna Sediments. The 

channel bed is of smooth granite bedrock, with some loose boulders, and no 

instream vegetation. Bedload contains cobbles from the Mathinna Group rocks 

immediately upstream and some sand. Cobbles may be acting as tools for abrasion 

under the higher stream powers possible in the smooth channel, thus maintaining 

these conditions. Downstream, SU04 is less distinct, rougher, and more irregular 

suggesting the influence of granite lithology is dominating.  

The remaining three reaches (SU03, SU02, SU01 Lower Mathinna Group) (Figure 

4.9) flow through Mathinna Group sedimentary rocks to the junction of the 

Scamander and Avenue. Valley width increases and slope decreases in this section. 

Channels are consistent with Mathinna Group lithology, and similar to those in 

Avenue, in that they are regular in width, with well-defined bankfull levels and a high 

level of bedrock control.  

Valley sediment deposits are most well developed in reach SU02 (Figure 4.9). These 

channels have greater freedom to adjust laterally and horizontally, and there is 

evidence of changes in flow conditions recorded in sediments of this reach. Ingrown 
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meanders have been described in Chapter 3 and are visible at A, B and C in Figure 

4.10. Meanders B and C show evidence of having shifted down valley. Clearly, the 

river had reached its current elevation when the shift occurred. It cannot have been 

cut down from a higher elevation after this planform was established. suggesting the 

form of these curves is not inherited from a plateau at higher elevation. The shift also 

provides evidence of changes in stream power over time, but the age of these 

cannot be discerned. Reach SU02 also provides evidence of lateral channel 

displacement at C, which results from changes in flow energy. 

Evidence of wholesale channel adjustment, where the channel moves horizontally to 

a new position on the floodplain is also present (Figure 4.10 E and D). At D, stream 

capture is evident, where flow from one stream joins another as the ridge between 

them erodes down. Here the stream at right appears to have been flowing in a 

broader, more elevated channel until the stream at left eroded through the ridge 

separating them. Channel capture is a characteristic of mature catchments. 

There is evidence of significant change in flow energy over long time frames in the 

Scamander above Riversmeet, preserved as abandoned channels and shifted 

ingrained meanders in reaches with significant valley deposits. The condition of 

contemporary channels, including lack of incision and dense vegetation, suggest 

they either have not been recently affected by significant disturbance, or are capable 

of rapid recovery. 
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Figure 4.10 Landscape memory at Scamander above Riversmeet Reach SU02  A typical ingrained meander at (A) has a steep river cliff on 

outside and meander lobe on inside of bend. B and C are ingrained meanders that have shifted downstream. At D the stream on the right 

has been captured from a more elevated flow path by the stream at left, flowing in a more deeply incised valley. E shows relatively recent 

erosion and lateral channel movement recorded in Quaternary sediment deposits. The lighter area on far left is granite, on right are incised 

ridges of Mathinna Group rocks. Adapted from Tasmania 2017. 
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4.4.5 Reach assessment for the Avenue River  
 

Reaches for the Avenue River are illustrated in Figure 4.11 and their characteristics 

are described in Table 4.5. Because changes in lithology do not occur along the 

main channel, successive reaches do not form similar groups. Reaches have 

therefore been presented in functional groups in Table 4.6. They are discussed 

beginning at the headwaters, as for the Scamander above Riversmeet. 

The headwaters of the Avenue flow through a steep gorge (A13) which is incised 

from its initiation as a first order tributary (Figure 3.10). Lateral and vertical bedrock 

confinement allow little room for adjustment other than by erosion into bedrock and 

deposition of bedload. First order tributaries throughout the Avenue are incised 

providing evidence of the horizontal incision into bedrock to which Mathinna Group 

rocks are prone, and of the transmission of incision upstream which follows base 

level changes. Aerial photographs show dense vegetation cover in these lower order 

tributaries, suggesting incision is a long-term process, and not a result of recent 

disturbance. Verification in the field is not possible due to rugged terrain. 

Downstream of the Avenue’s headwaters, is a series of reaches with a high level of 

bedrock control (A12, A11, A10, A09). They flow through a deeply incised, steep 

sided valley that follows a sinuous course defined by ridges, with numerous inflowing 

tributaries. Several curves resemble the ‘old folded rock’ forced bends’ discussed in 

Chapter 3, but verification in the field was not possible. In aerial photographs that 

have been taken near mid-day, from Reach A10, deposits of bedload with an 

intermittent inset channel can be observed to cover the channel bed. Reaches are 

differentiated by increasing deposition of small pockets and narrow strips of 

floodplain. These characteristics are consistent with high energy flows that transfer 

bedload derived from Mathinna Group rocks, which is accompanied by saltating 

abrasion as discussed in Chapter 3.  

The transition to Reach A08 is the junction with Durham Creek (Figure 4.11), which 

approximately doubles the catchment area of the Avenue at this point. This major 

tributary is fed by several others which originate near the dolerite summit of Mt 

Nicholas. They contribute cobbles and gravel derived from dolerite and from the 

sedimentary rocks of Triassic and Jurassic origin that cap the ridges of the southern 
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edge of the Scamander catchment. Slope decreases, and the valley widens, the 

channel also widens significantly and follows a series of steep curves. These 

conditions are evidence of the long-term interaction of increased volumes of 

energetic flows from the tributary with Mathinna Group rocks (Chapter 3). Sheets of 

bedload cover the channel for the remainder of its course, showing that products of 

erosion upstream accumulate and are transferred through the reach. Channel banks 

are steeply incised with little in-channel vegetation. Floodplain pockets are also 

incised. These conditions provide evidence of active incision and erosion occurring 

in recent times. Bank attached, partially vegetated bars of cobbles and gravel 

suggest this reach may be entering a phase of recovery. Observation over time 

would be required to determine whether these features are enduring or removed by 

infrequent flood flows.  

The character of reach A06 contrasts with the rest of the Avenue due to the strip of 

granite underlying it. Abrasion by cobbles from upstream produces a granite run, 

with a relatively smooth bed of exposed bedrock, resistant to incision. The sheets of 

bedload that cover the channel flowing through Mathinna Group rocks upstream 

appear to be rapidly transferred through this reach. 

Influx of sand with cobbles from mixed lithology through which Catos Creek flows, 

influences the nature of the remaining reaches (A04, A03, A02, A01). Floodplain 

pockets have steep incised banks of floodplain pockets which provide evidence of 

recent active incision. Bank attached bars and mixed sediments in floodplain pockets 

suggest aggradation is occurring and provide greater anchorage for vegetation.  

Channels of the Avenue show a high level of incision and bedrock control, with little 

sediment storage. Where pockets of floodplain are formed, they are incised. This 

suggests flows in the Avenue are high energy, and incision is an active process. 

Existence of incised floodplain pockets suggests lower energy phases do occur. The 

timing of these phases is likely to be related to glacial cycles, but extensive sediment 

dating would be required to investigate whether a connection can be established. 

Determining whether floodplain pockets were accumulating at the time of European 

settlement would require dating of surface sediment in them.  
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Figure 4.11 Map of Avenue River catchment with geology 

and river reaches defined based on River Styles Framework 
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TABLE 4.5: AVENUE RIVER REACH ASSESSMENT 

ID* 
Name 

Geomorphic Units 
 

Reach Description / River Style 
 

Upstream Transition 
 

Process Form 
Relationships 

A13 
Headwater 
Gorge 

L & R:  Steep hillslopes (E), well-vegetated riparian zone 
CB: V-shaped incised channel(E), highly vegetated 

Steep headwater, heavily 
vegetated 

Initiation of valley incision 
(Gradual) 

Presented in  
Table 4.6 Reaches are 
grouped by similarity, 
rather than as 
consecutive reaches. 

 

A12 
Steep 
sinuous 
valley 

L & R:  Steep rocky hillsides (E), well vegetated riparian zone, 
in-stream vegetation 
Single, narrow incised channel(E) 
CB: Bedrock and gravel, in stream vegetation and trapped 
organic matter, occasional bank attached gravel deposits (D) 

Sinuous gorge Increased valley curvature 
(Gradual) 

A11 
Widening 
valley 

L & R:  Steep, densely vegetated hillslopes (E), densely 
vegetated, discontinuous floodplain pockets (D), with planar 
surfaces. 
CB: Single, narrow channel (E) with vegetation cover, gravel 
sheets, mid-channel and bank attached bars (D) 

Partly confined (79%) valley with 
discontinuous bedrock-controlled 
floodplain 

Deposition along valley 
walls 
(Gradual) 

 

A10 
Sharp turns 

L & R:  Steep well vegetated hillslopes (E), narrow incised 
single channel (E) with occasional narrow, vegetated 
floodplain deposits (D) 
CB:  Cobble and gravel bedload (D) 

Sinuous, confined valley (94%) 
with occasional floodplain 
pockets 

Deposition at bends 
(Gradual) 

 

A09 
Valley 
widening to 
Durham 

L & R: Steep, rocky, well vegetated hillslopes (E), occasional 
well vegetated floodplain pockets (D) 
CB: Vegetated bank attached and mid-stream bars (D), gravel 
sheets (D) occasional scour pools (E) 
 

Sinuous, confined valley with 
occasional floodplain pockets 

Floodplain pockets form 
(Gradual) 

 

A08 
Ballyhoo to 
Huntsmans 

L & R:  Bedrock walls at concave bends and steep hillslopes 
(E), alternating with floodplain pockets(D) 
CB: Sheets of mixed bedload, cobbles and gravel (D), 
vegetated in stream and bank attached bars (D), with chute 
channels and scour pools at bedrock walls(E) 
 

Sinuous partly confined valley 
with bedrock controlled 
discontinuous floodplain. 

Inputs from large tributary, 
contributing area approx. 
doubled (Abrupt) Overflow 
from Bark Hut Creek at 
Black Hole 

 

 

Code for Geomorphic Units column: L – Left Bank, R- Right Bank, CB – channel Bed; (E) Erosional and (D) Depositional formations 

Table 4.5 Avenue Tributary cont’d 
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ID* 
Name 

Geomorphic Units 
 

Reach Description / River Style 
 

Upstream Transition 
 

 

 
A07 
Big & Little 
Hop Bends 

 
L & R: Highly sinuous valley, steep, vegetated rocky hillslopes 
and ‘old folded rock’ walls perpendicular to flow (E), incised 
channel. 
CB: Bank attached mixed bedload (Cobbles and gravel) bars 
(D), bedrock scour pools at rock walls and chute channels (E) 
 

 
Bedrock controlled, ‘old folded 
rock‘ forced bends, incised mixed 
bedload channel with scour pools 

 
Repeated rock wall 
influence at fault lines 
(Abrupt) 
 

 

 
A06 
Long Gully 
Reach 

 
L & R:  Bedrock channel through hillslopes of granite 
boulders protruding from sand and organic matter 
deposits(E), gradually sloping banks. 
CB:  Granite run plane-bed with scour pools (E), Small sand 
and gravel deposits in lea of boulders(D) 
 

 
Confined valley gorge, granite run 
plane-bed with potholes 

 
Granite Lithology 
(Abrupt) 

 

 
A05 
Long Bend 

 
L & R: Steep, vegetated rocky hillslopes and rock walls 
perpendicular to flow (E), incised vegetated floodplain strips 
of fine sediments over cobble/gravel deposits (D) at convex 
bends. 
CB: Mixed bedload sheets (Cobbles, gravel, little sand) (D), 
with scour pools at rock wall (E) and chutes, bank attached 
gravel bars at some concave bends (D) with vegetation. 
 

 
‘Old folded rock’ forced bends, 
incised mixed bedload channel, 
with scour pools 

 
Rock wall perpendicular to 
channel 
(Abrupt) 

 

  
A04 
Catos Reach 

 
L & R:  Steep forested hillslopes, Incised channel (E) 
floodplain pockets of fine sediments over bedrock or cobble 
layers (D). 
CB: Mixed bedload (Cobble, gravel, sand) (D), pools and 
riffles (D), mixed bedload input from incised tributary in 
granite lithology (E) 
 

 
Confined valley with occasional 
floodplain pockets 

 
Influx of cobbles and sand 
from incised tributaries 

 

Code for Geomorphic Units column: L – Left Bank, R- Right Bank, CB – channel Bed; (E) Erosional and (D) Depositional formations 
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Table 4.5 Avenue Tributary Cont’d  
 
 
 
 

ID* 
Name 

Geomorphic Units 
 

Reach Description / River Style 
 

Upstream Transition 
 

 
A03 
Meadows 
Bend 

 
L & R: Forested, steep rocky slopes and bedrock 
walls perpendicular to flow (E) at concave bends, 
incised floodplain of fine sediments atop cobble 
layers in lea of walls (D), bank attached vegetated 
bars of sorted bedload (D) at convex bends. 
CB: Mixed bedload (Cobble, gravel, sand) (D), pools 
scoured to bedrock with angular boulders at rock 
walls (E) 

 
‘Old folded rock’ forced bend, mixed 
bedload channel with scour pools 

 
Rock wall Influence at fault 
line 
(Abrupt) 

 
A02 
Upstream 
GKR Bridge 

 
L & R:  Steep vegetated slopes (E), laterally bedrock 
controlled incised channel (E), Elevated vegetated 
floodplain strips of fine sediments with embedded 
layers of cobbles (D) at convex bends, 
CB:  Mixed bedload (Cobbles, gravel, sand) forming 
bank attached bars (D) with bedrock pools (E) at 
concave bends, chute channels between. 

 
Partly confined valley with bedrock 
controlled discontinuous floodplain, incised 
mixed bedload channel with scour pools 

 
Reduced valley sinuosity 
(Gradual) 

 

 
A01 
Downstream 
GKR Bridge 

 
L & R:  Laterally bedrock confined by steep 
vegetated slopes (E), Elevated, vegetated floodplain 
pockets of fine sediments over cobbles at convex 
bends (D) 
CB: Boulders and mixed bedload sheets (cobbles, 
gravel, sand) (D) Bedrock scour pools at bridge and 
at concave bends (E) 

 
Sinuous partly confined valley with bedrock 
controlled, discontinuous floodplain, 
incised channel with gravel sheets and 
scour pools 

 
Reduced slope, bedload 
deposition and floodplain 
pockets form 
(Gradual) 

 

Code for Geomorphic Units column: L – Left Bank, R- Right Bank, CB – channel Bed; (E) Erosional and (D) Depositional formations 
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TABLE 4.6: PROCESS-FORM RELATIONSHIPS FOR AVENUE RIVER IN FUNCTIONAL GROUPS 

Group Description 

A13 
Headwaters 

Mathinna sediments incised to form a narrow, straight valley. Lateral and horizontal movement is bedrock controlled. Channel is 
incised to form a distinct, V-shape with steeply sloping walls.  Incision has progressed upstream to form numerous 1st order 
tributaries. This is a sediment source zone (at rate of incision) and transfer zone.  

A09. A10, A11, A12 
High Lateral 
Bedrock Control 
Group 

As incision increases, valley becomes increasingly sinuous. Channel is incised, with evident bankfull level, and a high level of lateral 
bedrock control. Floodplain strips and pockets of fine sediments begin to form and become more prevalent in downstream 
direction as valley widens and slope decreases. All surfaces are well vegetated. These are largely transfer reaches, floodplain 
sediments appear to have been deposited under lower energy conditions. Some storage now occurs within stream. 

A08 
Widening Valley 

Catchment area approximately doubles, as input from a third order tributary draining a region of Mathinna Sedimentary Rocks 
enters this reach. Reduced slope and increased valley width promote deposition of fine cohesive sediments as floodplain pockets. 
These appear to have been formed under previous lower energy conditions. Contemporary channel is incised, with significant 
lateral bedrock control at concave bends and evident bankfull levels. Mixed bedload is transferred through the reach; partly 
vegetated in stream and bank attached bars indicate some sediment storage is occurring.  

A06 
Granite Reach 

This reach flows through a seam of granite in a shallow valley with well vegetated slopes covered in sand with protruding granite 
boulders. Channel banks are less distinct, bankfull level not clearly distinguished so that flow connectivity with surrounding area is 
increased. Granite resists vertical incision forming a granite plane channel bed with scour pools. Transfer reach for bedload 
including cobbles which provide tools for bed abrasion; sand deposits hydraulically in lea of boulders. 

A03 (1), A05 (1), 
A07 (3) 
Laterally Forced 
Reaches 
(‘Old folded rock’ 
forced bends)  
 

Channel form is influenced by flow interaction with highly erosion resistant vertically displaced layers of Mathinna Sediments/ ‘old 
folded rocks’ that lie perpendicular to flow direction. A tight, forced bend forms which resembles a meander when viewed from 
above but is highly immobile. Scour pools with loose blocks of stone occur at base of wall. Fine sediments deposit at convex bend 
opposite wall, and downstream in lea of wall. Features appear to become increasingly well-defined as the channel continues to 
scour down and build up floodplain pockets over time. Under contemporary flow conditions, erosion of floodplain pockets acts as a 
source of sediments, bedload is transferred through the reach, and deposition occurs in bank attached bars and on floodplains, 
these processes vary with flow stage. The number of ‘old folded rock’ bends in each reach is given in brackets.  

A01, A02, A04 
Mixed bedload 
Reaches 
 

Mathinna Sedimentary rocks fracture along weak lines between sediment layers. Rock detaches as blocks, forming well-defined 
channels prone to vertical incision in which bankfull levels are evident. Influx of sand from granite upstream in channel and from 
tributaries originating in granite lithology enables hydraulic deposition within channel to form bank attached and in channel bars 
and provides anchorage to enable some vegetation to establish. As valley widens, fine cohesive sediments from breakdown of 
Mathinna Group deposit at convex bends and tributary junctions to form floodplain pockets. These appear to have formed under 
past lower energy flow conditions and have been incised to form precipitous banks.  Under contemporary flow conditions these 
are largely transfer reaches for mixed bedload of cobbles and gravel (from Mathinna. Group.) which cover much of the channel bed 
in sheets. 



146 

 

4.5 Conclusions 

4.5 Conclusions 
 

Applying the Reading the Landscape approach, this study considers the influence of 

unique historical impacts as well as long-term processes common to many rivers. 

Evidence from the Scamander shows that the relative significance of these two types 

of factors varies spatially within the Scamander River catchment.  

Scamander channels for which there is evidence of ongoing geomorphic change, 

have been compared to the classic channel evolution model to evaluate their 

position on a trajectory of change. This model was considered applicable for this 

study because it presents stages through with channels progress when disturbance 

creates flow energy in excess of sediment supply, which is consistent the historical 

scouring out of the channel opening, effectively lowering base level. 

The Avenue and Scamander above Riversmeet have been shown in Chapter 3 to 

have contrasting character related to the long-term influence of processes operating 

in granite and Mathinna Group lithologies. River styles in the Scamander, identified 

in this chapter, include intact valley fills and discontinuous multi-channel sand bed 

river styles, which are low energy river forms, with rough, highly vegetated channel 

beds and lack of bank incision. These conditions suggest these channels are not 

significantly impacted by upstream progression of incision resulting from historical 

disturbance. They appear capable of rapid recovery from disturbance, which is not 

readily transmitted along channels due to deposition of disturbed vegetation and 

sand at the plentiful points of roughness along channels. Where they flow over 

Mathinna Group lithology, reaches of the Scamander exhibit regular troughlike 

channels, formation of ‘old folded rock forced bends’ and floodplain pockets, features 

associated with Mathinna Group lithology. However, even these channels have 

relatively low channel banks, mixed bedload including sand, and well established in 

channel vegetation; the steep highly incised channels found on Mathinna Group 

lithology in the Avenue are absent. River styles in the Avenue are high energy, 

including gorges, sinuous, confined valleys, and a high level of bedrock control. Their 

incised channels are covered with mobile gravel bedload, vegetation is lacking on 

the bed, and banks at floodplain pockets are steeply incised. These contrasts 
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suggest that long-term processes associated with their different lithologies have 

produced channel character in the two sub-catchments that differ in their 

susceptibility to incision. The Scamander is highly resistant to, and has not been 

greatly affected by, upstream transmission of incision resulting from historical events. 

By contrast, in the Avenue, where granite is lacking, the incision prone Mathinna 

Group lithology produced a strong response.  

The character conferred on the two sub catchments by contrasting long term 

processes associated with lithology has mediated very different responses to 

historical disturbance in each. Reaches of the Scamander above Riversmeet are 

largely in condition that appears undisturbed, or well recovered. The Avenue has 

undergone vertical incision (Stage 1) which has progressed into tributaries; further 

incision and widening by erosion of banks is occurring in Reaches A01 to A05 (Stage 

2). This stage progresses slowly due to banks of fine cohesive sediment and is 

further limited by bedrock control on planform change. Gravel and sediments deposit 

on the channel bottom and some establishment of vegetation is evident at curves 

and floodplain pockets, but uncertainty about the stability of these during flood flows 

means progression to Stage 3 or 4 is uncertain.  

Below Riversmeet Junction, the main channels of the Scamander are subject to 

long-term processes related to a 2.4MY history of sea level fluctuations, from 130m 

below to 20m above current levels, over at least 5 glacial periods.  The influence of 

alternating periods of sediment deposition at high sea levels, and incision into 

bedrock at low sea levels is evident in preserved landforms of in the Scamander 

catchment. Preservation of landforms produced under past conditions is a process 

common to partially bedrock confined rivers, which results from Australia’s low level 

of tectonic activity.  

In the lower Scamander catchment, preserved landforms include narrow, sinuous 

paleochannels elevated on floodplain deposits. Levels of bedrock control are lower 

than in contemporary channels, which indicates lower flow energy conditions at the 

time of their formation. They were likely formed during periods of high sea level when 

lower energy conditions extended through the river system; but dating of sediments 

would be required to establish their age.  
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Preserved structures which confine channel planform, and promote the formation of 

floodplain pockets downstream, over thousands of years, are another common 

feature of such rivers. Floodplain pockets tend to be highly variable in age and 

structure within a river system due to the many factors that influence their formation. 

At Prices Reach and Hospital corner, uplifted layers of Mathinna Group sedimentary 

rocks form ‘old folded rock forced bends’ behind which contrasting floodplain pockets 

have formed. The backswamp at Prices Reach forms a straight channel over one 

kilometre long, formed of fine sediments high in organic matter, while Hospital 

Corner has a small backswamp of fine white clay. These bedrock structures make 

the reaches highly resistant to planform change so that disturbance is masked and 

can only be expressed through vertical channel incision. These floodplain pockets 

have steeply incised banks of fine cohesive sediments, and channels are deep. 

These conditions are inconsistent with the 5,000 years of high sea level, and 

contrast with those found in the Scamander at the time of European settlement when 

channels were shallow. This suggests that channel incision transmitted upstream 

from historical disturbance at the river opening has affected these banks. The degree 

of impact has been moderated by the limitations on channel adjustment resulting 

from the forced bends.  

Prices Reach (SM04) has been observed for decades by water skiers and appears 

to have evolved from an incised channel too deep to dive to the bottom of in the 

1970’s (Stage 1), to a channel shallow enough to stand in many places (Ch 5). 

Deposition of sand against banks during floods and block failure of well vegetated 

banks is now occurring (Stage 3). This reach may be evolving towards a state of 

quasi equilibrium.  

Aspects of channel character in the lower catchment are associate with forces 

operating in typical wave dominated estuaries, while others are unusual and can be 

understood as resulting from the impact of catchment history. Powerful wave forces 

typically form barriers at the opening of wave dominated estuaries. At the time of 

European settlement, the Scamander’s opening had a typical barrier, formed over 

some 5,000 years of high sea level. Morphological changes to the opening resulted 

from disturbance caused by historical bridge collapses described in Chapter 2. The 

contemporary opening’s low, wide sand flats, changing channel position and 

frequent closure reflect an imbalance between strong wave forces over a low tidal 
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range and energetic flood flows that are common to eastern Australian coasts, and 

the lack of moderating influence of the barrier, which was removed by unique 

historical disturbances. 

Sediments deposited within the Scamander’s basin are characteristic of estuaries 

influenced by extended periods of high sea levels. The high energy river channels 

flowing around the basin (SM03) are not characteristic of wave dominated estuaries. 

The highly bedrock-controlled planform of these channels is consistent with high 

energy conditions, likely associated with periods when sea level was much lower and 

flows through these channels were highly energetic. At the time of early European 

settlement these channels were shallower, with shallow muddy banks, consistent 

with sediment deposition within them during 5,000 years of high sea levels. Powerful 

flows associated with historical floods and bridge collapses incised these channels, 

returning them to a higher energy channel form. The condition of these reaches 

results from historical disturbance imposed on vulnerable sedimentary landforms.   

These examples show that understanding of the Scamander’s contemporary 

character requires both investigation of processes that generally apply to rivers, and 

consideration of this river’s particular historical circumstances, confirming the 

principles on which the Reading the Landscape process is based. Variable lithology 

over the extent of the catchment, and cycles of sea level change to which these 

lithologies respond very differently, influence the Scamander’s complex character. 

The Scamander’s response to a series of powerful disturbances, over a very brief 

period in terms of river development, has imposed behaviours on this pattern.  

Different geomorphological changes are evident in other parts of the river. Filling in 

of deep holes is evident in several reaches, while deep pools persist at the sharp 

curves in Reach SM05. Movement of gravel slugs, and erosion of banks are evident 

in reaches SM10 to SM07, particularly near Ryans Bridge, which has been washed 

away several times including in 2011. Accumulation of gravel and sand is evident in 

reach SM07 at an instream island and Reach SM11 above Ryans Bridge where 

aggradation within channels and formation of in stream bars also occurs.  

These observations are consistent with a lagged response to disturbance which is 

expected in complex river systems. Given the variable lithology, many diverse 

tributaries, prevalence of landscape memory that influences response at a reach 
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level, and partial preservation of high and low energy channels and sediment stores, 

a lagged response may continue in this river system for an indefinite period.  
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Chapter 5: Community Survey 
 

5.1 Introduction 
 

This chapter is part of a larger study which takes a Multiple Evidence Based 

approach (Tengö et al., 2014) to addressing the question of where change triggered 

by human activities fits into the context of natural variability and long-term evolution 

of the Scamander River in northeast Tasmania. MEB uses different knowledge 

systems to address complex questions of ecological change at various scales of time 

and space (Tengö et al., 2017). A range of accessible approaches has been applied 

in previous chapters. A timeline of historical events collated from newspaper reports 

available online at the Trove National Library Archive is presented in Chapter 2, and 

the impacts of these events on river form and behaviour are analysed based on 

contemporary scientific literature. The influence of geological controls on variability in 

the catchment is assessed in Chapter 3 using spatial analysis and field observation. 

A river assessment framework designed for Australia (Brierley et al., 2013, Fryirs 

and Brierley, 2013) is applied in Chapter 4 to assess contemporary channel 

geomorphology and its place along a trajectory of change. 

The aim of this chapter is to accesses community knowledge to expand upon a 

timeline of catchment history and assist in understanding the impacts of historical 

disturbance on the contemporary character of the Scamander, which in turn may 

inform river management into the future. 

Qualitative data is extracted from historical interviews of nine long-term residents 

and an online survey in Google Forms completed by 33 residents and recreational 

visitors between July 2017 and September 2019. It has been approved by the 

Human Research Ethics Committee (Tasmania) Network, Ethics Ref. H0016096 as 

‘Scamander River catchment history community survey’. Historical interviews were 

analysed using the Qualitative Solutions and Research International NVivo software. 

Tabulation and graphing of data were carried out using Microsoft Excel. 

The objectives of this chapter are to: 

1. Interview community members who have a close connection with the 

Scamander River to elicit observations about river behaviour and change. 
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2. Provide an opportunity for community members to contribute their insights via 

an online survey. 

3. Extract observations from both sources that relate to river behaviour and 

condition over the decades of living memory. 

4. Provide an overview of attitudes and concerns regarding the Scamander 

River as a community resource. 

 

5.2 Background 
 

Rivers have long been studied from the perspective of western science, its methods 

and assumptions, with little recognition of the significance of other forms of 

knowledge. Observations made by indigenous people, farmers, rural dwellers, and 

other stakeholders are increasingly contributing to scientific research as traditional 

ecological knowledge (TEK) (Huntington, 2000). The value of TEK has been 

demonstrated where resources are restricted (Esselman and Opperman, 2010) and 

where data required to deal with pressing environmental problems is lacking 

(Robertson and McGee, 2003). TEK has been shown to provide accurate knowledge 

of ecological processes such as seasonal changes in fish assemblage composition 

where communities are closely connected to natural resources (Esselman and 

Opperman, 2010). The holistic nature of traditional knowledge builds a 

comprehensive understanding of environmental change that extends beyond the 

spatial and temporal limitations of the scientific approach to monitoring (Brown et al., 

2018). TEK is increasingly recognised as a knowledge system which has intrinsic 

value rather than an alternative to fill in gaps where science has been unable to 

reach. 

In Australia, recognition of the intrinsic value of indigenous perspectives on water 

management and their incorporation into planning is growing (Yu, 2000, Venn and 

Quiggin, 2007, Toussaint, 2010, Langton, 2006). To evaluate the social impacts of 

increased water extraction, science has been used to quantify the economic benefit 

indigenous people derive from river dependent wild resources in two tropical 

Australian rivers (Jackson et al., 2011). Indigenous water rights are increasingly 

being recognised and asserted (O'Donnell, 2011, Langton, 2002). Focus is moving 
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from using indigenous knowledge as a contributor to science, towards recognising 

that indigenous interest in water resources must be respected because indigenous 

communities have a right to benefit from their resources. 

The Scamander River has been little studied from a scientific perspective as a water 

resource. The current study is limited by restrictions of time and resources, and by 

the perspective of a single individual, relatively new to this Island. TEK must usually 

be collected as a project of its own using social sciences methods, prior to being 

incorporated into scientific research in a multi-disciplinary undertaking (Huntington, 

2000). In this study, community knowledge contributes to understanding of changes 

in the catchment in recent decades and seeks some insights into the value of the 

Scamander River to the contemporary community. 

The collection of community knowledge as part of a larger study has presented 

challenges related to unfamiliarity with social sciences methods, including those 

related to involving communities in research. Every effort has been made during 

recruitment and data collection to perceive and allow for community sensitivities 

regarding past events and to follow appropriate protocols.  

Challenges in this area of social sciences begin with definition of terms. There is no 

universally accepted definition of TEK, with some definitions being broad, and others 

very specific (Powys Whyte, 2013). Greenwood et al. (2019) define TEK as evolving 

knowledge acquired over generations by indigenous and local peoples through direct 

contact with the environment and handed down through cultural transmission. It is 

specific to location, includes relationships of living beings with one another and the 

environment, and encompasses a world view which includes ecology and spirituality. 

Huntington (2000) uses a more general definition of TEK as ‘knowledge and insights 

acquired through extensive observation of an area or a species’ which may be 

‘passed down in an oral tradition or shared among users of resources’ but is ‘rarely 

written down’. Powys Whyte (2013) argues that by focussing on definitions, 

researchers create divisions that reflect different opinions on who has expert 

authority, and how TEK should be factored into policies. He argues that TEK should 

be understood as a collaborative concept, promoting learning between populations, 

and creating long term processes that allow different approaches to knowledge to be 

thought through. The use of definitions influences the way in which research is 
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viewed by others, and in this study, Tasmania’s history places some limitations on 

the use of definitions. 

Historical realities in Tasmania must be considered in defining TEK. Contemporary 

understanding of distribution of Aboriginal language groups in Tasmania suggests 

that areas belonging to three different language groups, the Pyemmairrener, 

Paredarerme and Tyerrernotepanner converge on Tasmania’s East Coast near 

Scamander (Smyth and Consultants, 2002). This suggests traditional ecological 

knowledge of the area would have been rich, involving the understanding of three 

different groups of people. Early European settlers in Tasmania took less interest in 

the traditions of Tasmania’s original inhabitants than Europeans showed towards the 

inhabitants of mainland Australia (Forward by Frank Ellis in Cotton, 2013). Partly as 

a result, few observations of Aboriginal ways of life were recorded by the newcomers 

in the Scamander area, as is true for the island of Tasmania as a whole. The near 

extermination and displacement of indigenous peoples over the early period of 

European settlement means that much of the TEK developed on Tasmania over 

thousands of years is likely lost. Survey of the remaining Aboriginal community was 

beyond the scope of this study and its ethics approval.  

An alternative term that can be used is Local Knowledge. The Food and Agriculture 

Organisation of the United Nations (UNFAO, 2020) defines local knowledge as the 

human capital of urban and rural people, it encompasses the skills, experiences and 

insights that people in all communities have developed over time and continue to 

develop for survival. The term is not restricted in terms of content or origin and 

includes, but is not exclusive to, traditional and indigenous knowledge. Local 

knowledge will be the term used in this study, rather than a generalised definition of 

TEK, in recognition of the loss of valuable traditional ecological knowledge in this 

region.  

Oral history and biographical research are often used in efforts to understand how 

ordinary people deal with situations involving war, trauma and ethnic conflict, and 

how these experiences shape people’s lives and mould relations between 

generations (Breckner, 2015). People intending to carry out oral history research 

must therefore be aware of interviewing techniques and ethical challenges, the 

dynamic nature of oral history and its relationship with processes of remembering 
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(Hajek and Davis, 2015). Sigmund Freud held that every experience of life is stored 

somewhere in a person’s brain, but more recent views hold that memory is 

refashioned not only by aging and the passage of time, but by new information and 

suggestions from others (Levine and Sebe Bom Meihy, 2001). When oral history is 

used as a component of scientific research in other fields, it is important to maintain 

consideration for the vulnerability of the community even if the topic of research has 

no apparent conflict associated with it. 

In Tasmania, the island’s convict history introduces some complexities to any oral 

history investigation, particularly in rural areas. Alexander (2010) describes the 

complex relationship of Tasmania’s population with their Island’s past, and the 

lengths to which families with a convict connection went to develop a more socially 

acceptable version of their family history. The author also discusses the changes 

that have occurred in recent times, leading to greater acceptance of past 

circumstances, and a renewed interest in family history (ibid, 228-265). In his 

investigation of families dealing with communication about a past with hurting 

memories, Bachmann (2013) found that most families who deal with difficult past 

events cope by avoiding talking about the past at all. To the extent that this may 

apply in Tasmania, the reluctance of community members to take part in historical 

interviews, or to discuss particular questions, needs to be treated with appropriate 

sensitivity. These issues add to the challenges of using relatively unfamiliar social 

sciences techniques as a part of an investigation within a natural sciences project.  

Participants ability to recall and clearly communicate their observations in the context 

of an interview determine the reliability of results obtained from qualitative interviews 

(Nash et al., 2019). Similarly, participation in online surveys is dependent on 

participants familiarity with the technology. Literacy is a generational problem in 

Tasmania, the State’s rural population has low rates of educational attainment, and 

high numbers of people who leave school early (Dingle, 2013). Attitudes among 

Australia’s rural population towards the relevance of higher education are a 

significant barrier to student attainment (James, 2001). These factors are highly 

likely to influence participation in online surveys and willingness to take part in an 

interview for a university study. 
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In their study of community perceptions of environmental conditions in an urban and 

a rural setting in Nepal, Nash et al. (2019) found that ‘a single locally salient issue’ 

significantly influenced overall perceptions in both communities. The death of large 

numbers of fish, mainly Bream (Acanthopagrus butcheri), in the Scamander River 

during the winter of 2015 (ABC, 2015; Clark, 2015) provides a similar issue with 

potential to influence perceptions in this study. The possible influence of this event 

will be further discussed in the results.  

These issues require sensitivity in collecting observations from participants, and 

caution in interpretation of the results. 
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5.3 Methods 
 

5.3.2 Survey design and participant recruitment 
 

A semi-structured approach was taken to historical interviews, with guide questions 

designed for a content analysis (See Appendix 4 for questions). The aim of these 

interviews was to collect information about changes in the Scamander during living 

memory. Purposive sampling was used to identify community members with a 

reputation for being interested observers of the river. Individuals were approached 

directly and asked whether they would be willing to participate in interviews, 

emphasising that refusal would not offend. Invitations were also posted at well 

frequented sites in the local community such as the Post Office, and a letter box drop 

was made to residents along the Scamander River. Volunteers were invited to come 

to the author’s home or be visited at their homes. Nine interviews were carried out 

between 5/12/2016 and 26/09/2018, eight of these at the author’s home, and one at 

the St. Marys Community Health Centre. Notes were taken by the author during 

interviews, which were transcribed into Word as soon as possible after the interview. 

The information was de-identified by giving each interviewee a code and storing the 

code key in a password protected file. Hard copies were destroyed at the end of the 

project. 

Because numbers of interviewees were less than initially anticipated, a second 

approach was taken to enable participation of a greater number and diversity of 

community members. This was in the form of an anonymous online survey. Ethics 

approval was sought and granted (Ethics Ref. H0016096) to make modified 

questions available online via Google Forms. Participant information and consent 

forms were built into the online survey.  

The online survey aimed to describe the interaction of the contemporary community 

with the Scamander River (See Appendix 4). It invited any interested adult with a 

connection to the Scamander to answer closed-ended questions about activities 

undertaken and areas they are familiar with outlined on a map, and to express their 

concern, or lack of concern about issues via set questions. Optional open-ended 

questions asking for observations about areas linked to the map, and about fish were 

also included. The survey was followed by an invitation to be interviewed. 
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Participants were recruited via community newsletters, notices in public places such 

as the Post Office and local service station, NRM North and Break O’Day Council 

web pages.  

On Australia Day 2018, large numbers of recreational visitors were by the 

Scamander River. There were 21 survey respondents at this stage and had been no 

new responses for three months. The author approached recreational visitors, 

politely and tentatively, asking whether they would like to participate in an online 

survey, and requesting email addresses to send an invitation with a link. Twenty-six 

people agreed, provided email addresses and were sent invitations. An additional 

seven survey responses were received within the following week, four more by the 

end of February. Ethics approval was sought and obtained after the fact for this 

change to procedure, which resulted in a sample size increased to 32, and one 

additional participant completed the survey later. 

All survey results were thoroughly read by the author several times to become 

familiar with the content prior to commencing analysis. 

 

5.3.3 Data import into Excel and NVivo 
 

Online survey results were downloaded from the Google Forms site directly into an 

Excel spreadsheet. Errors in alignment of answers occurred that were related to 

confusion that occurred when changing file types, between comas, tabs, single and 

double quotation marks. Files were cleaned to resolve these problems, then 

imported into an NVivo project. This resulted in 32 Cases representing survey 

participants. Closed ended question answers were auto coded as attribute values in 

Case Properties, and open-ended questions from each participant were recorded in 

their Case Node. Nodes were then created for each open-ended question, and data 

from each participant coded into them. 

Historical interviews were thoroughly re-read by the author and notes made of points 

for further consideration. The interviews were also imported into the project as 

individual cases. Comments that referred to parts of the river were manually coded 
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into the nodes created from the online survey questions about areas of the river 

defined on the map.  

5.4 Results and Discussion 
 

5.4.1 Characteristics of the sample group 
 

The sample consisted of two groups. Nine long term residents, ranging in age from 

38 to 86 years agreed to be interviewed about the catchment history of the 

Scamander River. Thirty-three participants, ranging in age from 32 to 82 years 

completed the online survey between July 2017 and September 2018. Some 

individuals took part in both.  

Age and gender distribution of the sample has been derived from the online survey 

participants, plus those interviewees known not to have completed the online survey, 

to avoid double counting. Age distribution for Scamander from the Australian Bureau 

of Statistics 2016 Census, is compared with sample age distribution in Figure 5.1. 

Census data for Scamander was judged to provide the best available comparison, 

although visitors from outside the area were included in the survey. 

 

 

Figure 5.1: Age distribution of sample group relative to Scamander population: Data from 2016 

ABS Census (ABS, 2016) 
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The minimum age of survey participants was 26, and the maximum 86 years, a 

range of 60 years. The sample mean is 58.9, mode is 59 and the median is 59.5 

years. The ABS 2016 survey reported a mean of 51 years. The higher mean age for 

the sample reflects the omission of people under 18 years of age (24% of the 

Scamander population) due to ethics restrictions. Gender distribution in the sample 

is 54.5% male, 45.5% female; gender distribution in 2016 ABS Census Scamander 

population is 52.7% male 47.2% female.  

The sample contains a lower proportion of people aged 35 to 54 years, who may be 

less likely to engage in recreational activities on the River and surveys due to work 

and family commitments. Both young retirees (55 to 64 years) and young adults (25 

to 34 years) are relatively well represented, possibly being more engaged in outdoor 

activities due to fewer other commitment. Long term residents were actively 

approached for historical interviews, which also increased representation of older 

age groups.  

Most participants identified as residents of the area (Figure 5.2), however, the 

average number of recreational activities reported by residents was the same at that 

for recreational visitors (4.5). Clearly residential visitors to the Scamander are not a 

distinct group from residents. Those who belong to both groups may have preferred 

to identify as residents. The interests of recreational users of the river appear to be 

well represented, despite their apparent low numbers in the sample. 

 

Figure 5.2: Survey participants reasons for being at the Scamander River.  
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Although the sample represents demographics of the area well, it may be less 

representative of community attitudes. A self-assessment-based study on motivation 

of individuals who completed surveys found highly intrinsically motivated 

respondents were most likely to respond to surveys and put the greatest effort into 

responses (Brüggen et al., 2011). Other research showed that respondents 

assessed the relevance of survey requests differently, and responded according to 

this assessment (Groves et al., 2000). Approaches to recruiting respondents need to 

consider these differences to recruit a representative sample.  

The influence of motivation in creating sample bias is likely to have been high in this 

study sample, given cultural circumstances discussed previously. However, sample 

selection for this study was not aimed at evaluating the general population. A highly 

intrinsically motivated group is likely to have provided detailed, considered 

observations that were required, though the results of some questions may have 

been biased as a result. 

5.4.2 Community observations describing change in Scamander River 
 

The Community Survey’s main contribution to this study is to provide insights into 

changes in the River during living memory, and in areas for which there is no written 

record. Survey respondents were asked to identify areas they know based on the 

map in Figure 5.3. Responses have been displayed on the map as pie graphs. 

Respondents who answered that they know each area have been classified by their 

reason for being at the River.  

Optional questions also asked respondents to report observations of change in each 

part of the river. The number of respondents who reported observations are 

presented in Figure 5.4, along with the total number of comments related to each 

part of the river from both historical and online surveys. The online responses show 

that the River Mouth is better known than other parts of the river, the number of 

respondents who identify as knowing each area of the river reduces gradually to half 

the sample by Dunns Arm. However, analysis of the numbers of comments in Figure 

5.4 suggests a greater level of community engagement with the River Mouth, and to 

some extent Prices Reach, than with other areas. 
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Figure 5.3: Participant familiarity with different parts of the Scamander River. Online survey participants were referred to this map and asked to state whether they 

were familiar with each area. Pie graphs illustrate how many respondents, classified by their reasons for being at the river, declared that they know each area. White 

section of each graph represents respondents in all categories who declare that they do not know this part of the Scamander River. 
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Figure 5.4: Observations on different parts of the river: The orange bar shows the number of 

online respondents (out of 33) who commented in the optional question for each part of the river. 

Blue bars represent total number of comments related to each part of the river made throughout 

online and historical surveys. 

Prices Reach and the Scamander River mouth have provided a greater number of 

observations, with more detail than other areas. These reflect not only the number of 

people who have contact with each area, but also their engagement with issues that 

occur there.  

Creeks in the upper catchment - Area F  
 

Figure 5.5 shows Areas F to D in aerial view, with locations that are being discussed 

by participants indicated. The upper catchment of the Scamander is not readily 

accessible due to rugged terrain. Long term residents, who have lived their lives 

beside the river, and have a family connection going back several generations 

describe a reduction in open country and increase in size of creeks. Residents recall 

there having been farmed land in the upper catchment. Land was ploughed near 

Catos Creek and Binns Creek and ‘above where the Avenue River is.’ Cattle were 

kept at Big Marsh and Holloways Creek overwinter. These areas are now forested.  

Residents report that during the 1970’s flood ‘many creeks flowing into the river more 

than doubled in width. Wattle Creek was just small, you could step across. 70’s flood 

tore the channel out.’ Significant forest clearing occurred in the Scamander 

catchment during the 70’s, these observations suggest it’s impact on creeks and the 
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river was significant. Observers also comment that ‘Forestry operations seemed to 

change colorisation of the water, after stripping land of trees and excess tree waste 

flowing down the river.’  

Another participant reported that during the 2006 bushfires, he was asked to drive a 

bulldozer up the Avenue River filling in holes and levelling the bedload to provide an 

escape route for fire-fighting crews. In 2011, a moderately large flood lifted the 

concrete decking off the bridge on Granite Knob Road over the Avenue and washed 

away Ryan’s Bridge at Upper Scamander (Figure 5.5). Currently, recreational visitors 

use the channel of the Avenue for off road activity with vehicles. The impact of 

changes to bedload distribution and armouring of the channel resulting from bed 

leveling and subsequent vehicle traffic reduce channel roughness, which has the 

potential to contribute to high stream powers in the Avenue. 

 

Main river channels above Ryans Bridge – Area E 
 

Long term residents of this area express disappointment at not being able to 

convince others of the seriousness of floods that occur here. They state that ‘people 

don’t believe how high the floods go because no one can get up here in the floods – 

roads are underwater. Floods usually isolate our property, with ever changing levels 

and erosion in many places.’  

The 1970’s flood, (most likely that of 26 to 28 April 1974 in Figure 2.8) is 

remembered as particularly powerful and destructive. Reaching ‘approximately 16 

feet (4.9 m) above river level. Soil was seen ‘floating away on top of the water. There 

is always soil in the water, but you could actually see clods or islands of it floating 

along.’ A lot of erosion occurred below the bridge - a paddock was largely eroded 

away.  

Floods are described as fast flowing and deep, carrying silt and wood, which is 

sometimes deposited on paddocks. Residents describe four or five wooden bridges 

at Upper Scamander over the years, ‘Different heights were tried, it used to be lower, 

then they raised it, and then in caught logs.’ ‘The stuff – logs and trees that comes 

down there is unreal. Logs piled up on the flats a few years ago- that would not have 

happened before Forestry logging. That was mostly limb wood. 
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Figure 5.5 Aerial view of community survey areas D to F: Locations discussed by survey participants are indicated on a view from Google Earth taken 28/10/2020. 
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Changes in channel depth are also noted. Trout could once be caught in a deep, 

dark hole upriver from the water supply, which has since filled with gravel.  

Brown et al. (2018) highlights the contrast in the capacity of indigenous knowledge 

systems to identify long term changes in water quality with the limitations of water 

quality measurement. Through long term observation, indigenous people were able 

to identify key drivers of changes in river health that contributed to loss of mangroves 

in the in the Maroochy River. Water monitoring, with its focus on single attributes and 

limited spatial and temporal extent, failed to identify water quality changes. ‘Casual 

observation’ of change is given low priority by science, but the lack of monitoring 

precludes any scientific measurement of change in the Scamander River. Local 

people who are astute, and indeed the only, observers of flood behaviour in most of 

the Scamander catchment have warned of damages to water infrastructure before its 

construction. Their warnings were ignored by experts and were realised soon after 

construction.  

These observations of silt, islands of earth, and wood transported by turbulent floods 

provide evidence for active erosion upstream and efficient transfer of materials 

through these channels. These are conditions consistent with ongoing channel 

incision upstream.  

 

Dunns Arm to Ryans Bridge - Area D 
 

Long term residents of Upper Scamander have also noted changes in channel depth 

in Area D (Figure 5.5) which extends from Dunns Arm to Ryans Bridge, where the 

water supply is located. A deep pool at Pitt’s Corner was used decades ago for 

training trotting horses. 

At Pitt’s Corner the river used to be hard up against outside of the curve, eroding. 

Hot Springs used to be deep, you could swim horses behind a boat. Now it is filled 

with gravel and rocks. There used to be a sandy bottom. When Participant’s Dad was 

young (over 70 years ago), he walked his horse out into the water, horse and rider 

disappeared underwater, you could only see his cap. That horse wouldn’t swim. 

At the time the ‘hot spring’ were discovered, locals hoped they would become a 

tourist attraction. A team from the Tasmanian University investigated (Anon, 1939). 
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They found water over 90oF (32oC) below the surface along about a quarter mile (0.4 

km) of river, while water temperature in the river was at 66oF (19oC). They stated that 

‘the mud was warm enough for a man to sink into to his knees - a condition that 

indicates a shale deposit.’, they believed the river flowed underground near a hot 

stratum of rock. Today the channel bottom consists of gravel and sediment is built up 

against the channel margin. 

Prices Reach to Dunns Arm – Area C 
 

Areas A to C, and the locations described by survey participants within them are 

illustrated in Figure 5.6). Local families have been using this part of the river for 

decades for fishing and recreation. Along Prices Reach (also known as Prices 

Straight) ‘boats towing aquaplaners or skiers are legally exempt from the 5 Knot 

speed limit that applies to the rest of the Scamander River, and to most rivers and 

sheltered waters in Tasmania (Hopkins, 2018 personal communication). This stretch 

of water has been used for water skiing by generations of local families and is 

increasingly used for high-speed water sports. Survey participants with this long 

connection to the site provided ongoing observations of conditions within the 

channel, including the following: 

River is dropping more gravel and silt into the riverbed. It is rising, so the same 

quantity of water today will give a bigger flood. Prices Strait is much higher than it 

was. You can walk across it now, there was no hope of walking across 40 years ago. 

What six feet of river rise used to do, 5 feet will do now, so roads flood easier - the 

riverbed has come up.  

Another participant who used to fish in deep holes in the river at Arm Creek noted 

that these have ‘filled with rubbish’, another that the area appears to have gotten 

shallower over the past 15 years. Another that it was once impossible to dive down 

to the bottom, but it is now possible to stand in many places. Falling away of banks 

along Prices Reach, with trees falling in are also noted.  

These observations provide evidence for channel aggradation in this part of the river, 

which is part of the second phase of river response to disturbance that results from 

increased transport power. Other than those done for this study, there are no depth 

measurements available for the Scamander. Observations are the only available 

evidence. The significance of these observations is further discussed in Chapter 4.



169 

 

 

Figure 5.6 Aerial view of community survey areas A to C Locations discussed by survey participants are indicated on a view from Google Earth taken 28/10/2020.
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Channels and basin to boat ramp - Area B 
 

This section includes channels circling the basin, as far as the boat ramp. It is 

accessible by boat and visible from the Upper Scamander Road. Observations made 

include erosion of banks, with trees sometimes falling into the river. Some observers 

associate this erosion with boat wash. Reduced depth of the channel due to build-up 

of sand is described. Observers proposed several causes, including reduced water 

flow to the sea since the concrete bridge was constructed, silt due to runoff from land 

clearing and forestry activities. Many observers note that increased water level 

occurs in these channels when the barway is closed.  

One long term resident commented that when there was a school at Upper 

Scamander, a boy once took a short cut across Doyle’s Mudflat to go to school, sunk 

to his armpits, saved himself by putting his arms out, and had to wait there until 

people came looking for him in the evening after he failed to return home. Doyle’s 

Mudflat is rarely accessed, having less consolidated sediments than Prices Reach 

and Hospital Corner. 

The river mouth – Area A 
 

The river opening is the heart of Scamander town. Shops, a playground, skateboard 

ramp and surf club cluster beside the opening. The beach and old bridge provide 

recreation for surfers, walkers, fishers and others. Observation of changes at the 

river mouth were made by 23 out of 32 survey respondents and in all the oral history 

interviews. Frequent closure of the opening and shifting of the channel when it 

reopens are widely noted. Participants associate changes with floods, tidal 

movements, ‘weather i.e. sea swells and winds’ and artificial barway opening. 

 

The history of artificial opening of the barway goes back to 1897 when it was first 

opened artificially by hotel owner GJ Walker and a friend, with a spade (Fearman, 

2017). It was opened frequently from then until 1910, when a group of men worked 

unsuccessfully for 3 days (See Ch. 2 p13). One survey respondent could recall 

seeing the barway ‘opened with shovels by a mob of men’ in his youth. Another 

recalled that it used to be opened by hand whenever water rose over the paddocks 

upriver.  
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Long term residents also emphasise the danger of opening the barway, which can 

wash people out to sea. They recall two young boys being drowned when the 

barway opened naturally while they were taking a swim under the bridge on a short 

break from work; and they were swept to sea. 

A young participant related an attempt in the early 2000’s by a group of 6 or 7 

maritime college students - ‘so we know about opening it at the right time for the 

tides etc.’ They worked 3 to 4 hours with spades to move ‘about 40 Tonnes of sand, 

i.e. a semi-trailer load’, only to have the ‘1.5 m deep and V shaped’ channel collapse 

from the sides when water started to flow.  

The contrast between the first successful opening in 1897 by two men with spades, 

the three-day unsuccessful effort by a group in 1910, and the efforts of the young 

men this century provide some evidence that the volume of sand blocking the river 

opening is increasing. This must be interpreted with caution, given the influence of 

other factors such as rainfall, tides, and the changing capacity of men for physical 

labour over the decades.  

A resident who has lived in the area for over 80 years gave this assessment of the 

barway opening issue:  

They used to use bulldozers to open the barway. Tried with shovels, couldn’t dig 

trench quick enough to keep water flowing. Sand to north of the opening has built 

up over the years. There is a big slab of rock under that opening, (the opening 

shown in 1844 map) so it used to keep open longer. Sand has now built up onto 

it. If they had built the retaining wall up there, it might have worked better. 

Retaining wall had no chance of success, rocks were not big enough. Rocks would 

have to be big enough not to be moved by the strongest waves. 

The history of the retaining has been described by a local resident involved in the 

undertaking. It was a local initiative to address rising water levels caused by barway 

closure that threatened dwellings, built in 1989/90 with financial and in-kind support 

from local businesses. An ocean engineer from the New South Wales, Professor 

Foster, who was in the state, visited the site and provided information on the type of 

structure that would need to be designed and constructed to alleviate the problem. 

With limited funds, the community built a structure similar to the one described. They 

used available earth moving machinery, waste concrete and large rocks that could 

be found in the area. For many years, the structure seemed to have some impact on 

the river channel, until the channel worked its way around the structure. The remains 
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are now some distance from the shore and partly buried.  

 

The issue of maintaining a permanent opening at the Scamander River mouth 

continues to be contentious. Several residents expressed concern in the online 

survey at plans being proposed in the community to maintain a permanent opening. 

One justified concern as follows: 

Talk about building a rock wall to "keep the barway open" alarms me. NSW and 

Queensland found the building of such walls caused other problems with beach 

erosion. The flow of the Scamander River is so erratic the river will constantly 

close up and a rock wall would not help this. The existing remnants of the 1970's 

"wall" are an eyesore and a danger to people walking onto the beach. 

 

One respondent voiced concerns as a resident living close to the opening. She 

described changes to channel position bringing fast flowing water and erosion of 

sand, making access to the beach difficult and discouraging sea birds in the area. 

She further stated that danger to residents and harm to tourism would result because 

formation of a swamp on the foreshore affects the road and encourages mosquitoes 

to breed in drains. She concluded that ‘The River mouth needs to be kept open for 

various reasons – cleanliness of water, fish population and safety. A new rock wall needs to 

be created.’ Both points of view regarding the need to keep the river open are 

accompanied by genuine concerns. 

 

A further complication to processes impacting on the river opening arose with 

construction of the modern concrete bridge in 1991, after which the iron bridge of 

1935 remained in place, despite plans to remove it having been integral to the 

design. Several participants observe increased deposition of sand at the river mouth. 

They state that before the new bridge went in, water was deep enough under the old 

bridge for people to jump off, but the water there is now shallow. One observer 

stated that there used to be a deep channel between the old bridge and the beach.  

 

A detailed assessment of the bridge’s impact was given by one participant:  

A lot more sand has built up since construction of the 'new' bridge, and the 

outflow from the river into the sea has been blocked by sand much more often. 

The upside of that is more water birds (pelicans etc) more or less permanently 

living on the sand banks, and it’s easier to walk between the North and South 
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beaches. However, the quality of water in the estuary area deteriorates when the 

bar-way is closed for extended periods of time. 

 

Build-up of sand at the opening would be consistent with the long-term influence of 

powerful wave action, working across a limited tidal range, that is typical of 

Tasmania’s east coast. The marine forces that built the barrier that was present 

when European settlers arrived, continue to act at the river opening. Conditions on 

the landward side have changed, with channels now flowing more energetically due 

to the upstream transmission of incision resulting from historical disturbance. The 

balance of forces acting now differs from the past because sea levels have remained 

high but are now interacting with energetic channels that naturally occur during low 

sea level periods, resulting in a de-stabilised opening. The degree to which bridges 

influence this process is not easily determined, despite the observable accumulation 

of sand between the two structures. The uneasiness residents express at the 

disturbed condition of the river opening is well justified, but answers will not easily be 

found. 

 

Long term residents also described the channel as having a former path behind the 

dunes through Henderson’s Lagoon and flowing out via Falmouth. This is considered 

by some as its original or natural path, to which the Scamander River is now trying to 

return. One participant stated that ‘I think it did, but I have never seen it flowing that 

way. All old timers said that it flowed that way and . . . it wouldn’t take much to go 

back down there.’ Another participant reported that a former premier had been 

prepared to fund the re-routing of the Scamander to this path, ‘they think there is 

enough flow to keep that open’ but objections from residents of Falmouth had halted 

the plan. 

One resident who lived at Upper Scamander at the time of the 1929 flood, reported 

the following: 

In the big flood, gardens they thought were out of the reach of the flood washed 

away. They picked up pumpkins down river and at Scamander. They were planted 

well above and ready to pick, they were washed out to the beach at the big farm 

at Falmouth. They were picking them all up there. 

As described in Chapter 2, the Scamander bridge collapse during the 1929 flood was 

accompanied by enormous quantities of logs and trunks of trees moving together. 
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These were left stranded in a heap 2.5 km long and 10 m wide along the beach 

towards Falmouth (Fearman, 2017). The observation that pumpkins from Upper 

Scamander became stranded at Falmouth provides evidence that flood flow was 

diverted behind the dunes. Woody debris was deposited along the way and lighter 

floating materials, including the pumpkins, carried to the outlet at Falmouth. The 

partial channel running behind the dunes was scoured out at this time. Whether this 

ever was a natural path is uncertain. A path towards Falmouth through Millstream 

Arm (see Figure 4.3), is likely associated with periods of higher sea level and pre-

dates the scouring out of the gorge upstream of the present-day river opening.  

One participant commented that the opening is ‘always changing, over a 50-year 

cycle, not a lot has changed.’ This indirectly raises the key issue of this study - 

distinguishing a high degree of variability from definitive change. Whether there is an 

underlying pattern of change beneath the shifting of the river opening is a difficult 

question. Some information that might be used to help address it is available from 

newspaper reports, aerial photographs, and council records on opening with 

machinery. Weather conditions and changes to regulations complicate any 

interpretations that could be made from these. 

 

Highly significant changes to sediment movements have occurred in Australia during 

the 200 or less years since European settlement began to impact river catchments 

(Fryirs and Brierley, 2001, Prosser et al., 2001). No study has been done to quantify 

sediment movements or the forces involved at the Scamander river opening, and 

such studies are generally lacking. They involve dating of sediments, and 

sophisticated understanding of the geology of the area and of the complex marine 

and riverine forces at work. Any efforts to improve the opening regime or restrict 

movement of the opening channel would need to be informed by such 

understanding. 

 

Community interaction with the Scamander River today continues to be complex and 

varied, as it was during the historical period investigated in Chapter 2. Interviewees 

spoke with enthusiasm about personal experiences and childhood memories on the 

river. They expressed reservations about their observations of conditions. 

Particularly those with long contact with the river prefaced their observations with 
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cautionary statements: ‘Memories get confused, so we have conflicting stories.’ “Old 

timers say . . . but I have never seen it.’ ‘As a kid, I may have thought it was a 

massive, great flood, but may have actually been only a small one.’ 

The interviewees seemed aware that people’s interaction with the river and their 

values influence their perceptions and memories; they would only rarely state an 

observation of conditions with confidence. These observations are valuable, but care 

needs to be taken in interpreting them.  

5.4.2 Viewpoints expressed by the online survey respondents 
 

Survey participants were asked to rate their level of concern about issues related to 

the river (Figure 5.7), these results are summarised here.  

The related issues of water quality and fish health were the issues of greatest 

concern. Participants specified algae build up during low flow and when the barway 

is blocked, chemicals, release of sewage into the river from overfull ponds during 

heavy rains, cattle accessing the river in higher reaches, and flooding of the water 

supply infrastructure where chlorine is stored as water quality concerns. Comments 

on fish health focussed on the death of large numbers of fish, mainly Bream, in the 

Scamander River during the winter of 2015 (ABC, 2015, Clark, 2015). In a study of 

perceptions of climate change in an urban and a rural village in Nepal, Nash et al. 

(2019) found that a single salient issue significantly influenced community 

perceptions at the time of data collection. These were planting of trees in the rural 

village, and sanitation in the urban settlement. At Scamander, highly visible death of 

fish in the Scamander River provided a focus for community concern. Connections 

were drawn with the location of the water treatment plant below flood levels and the 

scouring of water pipes with an ice slurry in the area at the time deaths occurred. 

Disappointment in the level of investigation by the Environmental Protection 

Authority, who failed to identify a cause (EPA, 2015) was expressed. 
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Figure 5.7:  Level of community concern about river issues: Participants rated their level of 

concern from ‘not concerned at all’ (1) to extremely concerned (5). Results are displayed as box and 

whisker plots where X represents the mean and boxes represent 25 to 75% of respondents. 

Barway closure, lack of speed signs for boats and land use were issues with the 

greatest range of opinions. Associated problems identified were lack of zoning and 

signage, speeding of boats and personal watercraft (Jet Skis), and danger to 

swimmers and small craft from power craft. Prices Reach is a ‘no speed limit zone’ 

for the purpose of water skiing. Since the survey was conducted, MAST has 

provided signage and clarified the speed limits outside this area. Water police now 

include the Scamander River in their patrols.  

Land use concerns associated with forestry included erosion, transport of wood and 

silt in floods and its deposition on banks, build-up of debris which interferes with flow, 

and chemicals associated with plantation rotations and aerial spraying. Forestry 

operations in the 70’s were described as having had a strong impact on floods and 

on the width of tributary creeks. Roadworks, recreational vehicles, dogs and cats, 

and farm runoff were also cited as land use issues.  

Other comments focus on human impacts included rubbish at the boat ramp (which 

one participant reported she regularly picks up) and untidiness near the river 

opening, which one participant described as is ‘in the too hard basket’ because too 

many authorities are involved, he offered to participate in a working bee, with 

machinery, that should be supervised by one of these departments. Parking and 
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access issues at the boat ramp, and damage to cars and boats by the unsealed 

access road are further concerns.  

Figure 5.8 shows results based on Likert style questions which asked participants 

how much they agreed with value statements. All participants rated the value of the 

Scamander River as a community resource very highly. This response may reflect 

sample bias, highly motivated respondents who value the Scamander River are most 

likely to have completed the survey. 

Care shown by the community was also rated highly, recreational users’ care 

somewhat lower, which may reflect the large number of participants who identify as 

residents despite using the river for recreation. Management by authorities and 

design of infrastructure were rated significantly lower, which reflects concerns 

regarding water infrastructure, the new bridges, fish deaths, barway opening and 

signage, all of which involve management by outside authorities. 

 

Figure 5.8: Value of the river resource and its treatment by groups. Respondents stated how 

much they agreed with statements about the value of the river and the level of care shown by 

groups (5 strongly agree, 1 strongly disagree). 
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5.5 Conclusions 
 

The Scamander community’s participation in this study has been generous and 

considered. The results show that the Scamander River is both a highly valued 

community resource, and the source of considerable concern. Its value is 

demonstrated directly through the ratings given by a highly motivated group of 

participants, practically by the effort the community put into constructing the rock wall 

they hoped would resolve issues at the river opening, and by the effort citizens offer, 

and continue to expend in efforts to keep the area tidy, and in their willingness to 

contribute to this study. 

The river opening is the best known and loved, but also the most problematic area of 

the Scamander. Participant observations over several decades support historical 

evidence that the river opening is in a state of disequilibrium. Changes to 

morphology, caused by historical events, have replaced a stable barrier typical of 

wave dominated coasts with an unstable area of sand deposits. Residents have 

noted that the opening is constantly changing, that the existence of two bridges 

contributes to accumulation of sand, and that the River’s response is complex and of 

concern to residents close to the opening.  

The River’s response to human intervention, including repeated channel opening 

and construction of the second bridge and the rock wall, suggests more needs to be 

understood about the forces operating before any attempts to regulate the opening 

could be expected to succeed. The natural forces are strong and persistent, while 

the change to a wider opening resulted from a brief sequence of unnatural events 

not likely to be repeated. A meaningful solution would require further study along 

with caution and careful planning. Good intentions, generosity, and a can-do attitude 

are admirable but have been shown to fall short of solving this complex problem. 

Observations further contribute to evidence of a lagged response to disturbance in 

the Scamander River. The reduction in depth of Prices Reach and other deep pools 

in river channels over recent decades support the hypothesis that the Scamander 

was deeply scoured out after the bridge collapse events. It has since aggraded 

considerably through delivery of sediments as incision progressed upstream. Incision 

of streams and erosion of channels have been observed by long term residents of 
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Upper Scamander and appear to have been particularly rapid following forest 

clearing in the 1970’s. Channel erosion has been shown to progress rapidly through 

river systems following human disturbances. Natural recovery involves a sequence 

of steps whose progress depends on river style and complicating factors. Factors 

with the potential to work against recovery include clearing of forest in the catchment 

which has increased incision of upper catchment streams in the past. The impact of 

boat wakes on block failure in Prices Reach is an unknown factor which would 

benefit from further research. 

Management of the Scamander that works with river processes to stabilise areas of 

value in terms of infrastructure, recreation, and natural features could contribute 

significantly to reducing damage and enhancing recovery. Management of the 

riparian zone, zoning of recreational activities to protect vulnerable reaches, and soft 

engineering approaches to bank stabilisation in Prices Reach are factors worth 

considering. The high value placed on the Scamander as a community resource, and 

the willingness of the community to help suggest this River merits further attention.  
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Chapter 6: Concluding Summary 
 

An idiographic approach has been used in this study to develop an in depth 

understanding of the complex and changing character of the Scamander River in 

northeast Tasmania. It has endeavoured to listen to the stories, both historical and 

those concerning river development, which are hidden in the landscape of this 

unusual river. This approach has been guided by Brierley and colleagues’ assertion 

that many rivers have unique characters which can be best understood by 

considering both general principles and particular influences that are specific to the 

site (Brierley et. al., 2013).  

To investigate the combined influence of geographic variability in space and 

historical influences over time, a multiple-evidence-based approach has been used. 

Geographic and historical methods have been applied, drawing together historical 

information, observations from the field based on the River Styles method, spatial 

analysis carried out in Geographic Information Systems, and community knowledge 

garnered from interviews and an online survey. A complex descriptive picture of the 

Scamander’s contemporary channels, and what we know of its past has emerged. 

Based on understandings from contemporary scientific research and the available 

evidence, inferences have been drawn about processes involved in the Scamander’s 

development and the impact of disturbance.  

Without considering these influences, meaningful exploration of change in the 

Scamander would not have been possible. However, a study drawing on such 

diverse methods has limitations and difficulties associated with it. Each of the 

knowledge systems that contributed to this study involves methodologies and 

techniques that have their own complexities and expectations. Learning to satisfy the 

requirements of each to an acceptable level within the time-frame available was a 

formidable undertaking. Readers proficient in qualitative data analysis and 

geographic information systems analysis may find weaknesses, whose identification 

and clarification the author would welcome. 

In exploring the general principles and particular historical circumstances that 

interact to produce the character of the Scamander River, innovative approaches 

have been applied. They are largely based on readily available resources and may 
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have applications in other rivers. The processes and the evidence they uncovered 

will be summarised for each chapter. Limitations of the study and questions that 

might be addressed with further work will also be considered. 

Catchment history is recognised as an important influence on river character. In 

Australia, the relatively recent (approx. 200 years) and dramatic change from 

Aboriginal to European style management of country has influenced rivers in diverse 

ways. Unusual influences on the Scamander River’s character were uncovered 

through reconstruction of aspects of its post-European-arrival catchment history (Ch. 

2). The influences of these events on the river were considered through the lens of 

contemporary scientific research.  

The Trove National Library Archive makes original historical sources, including 

newspapers from 1803 to 1954, freely available to the Australian public in digital 

form. Because they are searchable online, relevant information can be relatively 

efficiently retrieved from these fragmentary sources. A coherent timeline of 

catchment history covering the early period following European settlement of 

Tasmania was collated for the Scamander River using this database, along with 

other sources. During the period 1865 and 1935, newspaper reports were the 

community’s major source of reliable information about current events. They 

provided detailed information about the destruction of a series of bridges, that were 

constructed at a vulnerable site, by natural forces including increasingly powerful 

floods. A coherent picture emerged of a time when European style construction 

methods, newly introduced to this country, significantly impacted on river 

geomorphology and behaviour. Observers left detailed observations which gave 

insights into processes occurring, which, though poorly understood at the time, have 

since been the subject of much research. 

Some insight into the degree to which conditions changed can be gained from the 

fact that the first, simple ironbark-pole structure, erected by locals in 1865, survived 

floods and lasted ten years, while the sixth bridge, constructed at great expense by 

experts in 1925 from copper-coated, imported timber, with seven sets of eleven 

nested piles each, lasted only four years. In between, much effort, expense, and 

controversy over best designs and reasons for failure, accompanied the construction 

and failure of another four bridges. The use of modern information technology to 



184 

 

search historical sources and produce a timeline of human impact on a river system 

is innovative. It has transformed fragmentary sources of historical information into 

knowledge of lost community history. Contemporary scientific literature was woven 

into this timeline, to elucidate the processes involved. This approach to developing 

understanding of how human activities have altered rivers has the potential to inform 

modern management and may have further applications in other rivers with a 

catchment history that involves unusual influences.  

Review of relevant scientific literature revealed the significance of river processes 

that could be identified in the events on the Scamander. Observer’s comment that 

water flowed ‘with the speed and noise of a millrace’ pointed to the role of 

supercritical flow, which occurred at undershot millwheels familiar to people of the 

time, in the destruction of the Bridge 3. The island of wood and debris involved in the 

destruction of Bridge 6 resembles the wood-laden flow (WLF) recently identified by 

Ravazollo et al. (2017) as having different characteristics to previously known types. 

The removal of the estuarine barrier at the River opening is an example of buttress 

lowering at the downstream end of a river (Holbrook et al., 2006), which initiates 

degradation, or channel bed incision that travels upstream in a river when 

transporting power becomes excess to sediment supply (Simon and Rinaldi, 2006). 

Bridges built at estuarine openings are recognised as having the potential to initiate 

this type of disturbance (Arneson et al., 2012). Considering the events on the 

Scamander in the light of contemporary understanding of these processes enabled 

the impact of these historical events on the river to be better understood.  

Examples of the ‘site specific peculiarities’ Brierley et al. (2013) identify as essential 

to understanding unique rivers are also evident. Characteristics of the locally 

prevalent Eucalyptus sieberi (Ironbark) were shown to influence the potential for log 

jam formation in Scamander River channels. The range of density through which its 

wood passes in the drying process (1200Kg/m3 to 850kg/m3) allows wood to travel at 

all levels in the water column, from floating on fresh water, to rolling and sliding along 

the bottom of saltwater flows. Combined with its growth habit of long stems and 

small crowns, this increases the potential for jams to form. Further, the existence of 

tight bends resulting from the interaction of flow with uplifted layers of Mathinna 

Group Sedimentary rocks (which are called old folded rock force bends in this study, 

provides sites for log jams to develop. The influence log jam formation may have had 
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on the extreme behaviour of flood borne wood in the catchment remains an 

interesting question. Teredo navalis, introduced to the Scamander around 1912 in 

ballast water, may have been a significant contributor to reduced residence time of 

wood in channels. This wood boring mollusc has had serious consequences 

worldwide, and its incursions into Australian Rivers and their impacts could make an 

interesting topic for research based on newspaper sources.  

Other aspects of the river processes involved are not yet fully understood by 

scientists. These include the interactions between flow dynamics and sediment load 

that result from the sudden change in conditions that occurs when bridges collapse, 

the sources from which wood is recruited into flow, and the processes involved in its 

recruitment. The specifics of recruitment sources and wood interaction with flow in 

the Scamander during these floods is unlikely to ever be fully understood. However, 

these events may provide interesting subject matter for future modelling. Techniques 

would first need to be developed for adequately modelling the complexity of form and 

density of large wood and how these change during transport, as well as accounting 

for the changes to density of water that occur when it transports and deposits heavy 

loads of wood and sediments. 

The response of any river to disturbances is influenced by boundary conditions set 

by geology and landscape history, and these must be considered when change over 

shorter time frames is investigated. Tasmania’s complex geology, and its history of 

repeated sea level rise and fall associated with glacial/interglacial cycles, have 

created highly varied river systems on the Island. The influence of lithology in the 

Scamander catchment was investigated in Chapter 3 by comparing characteristics of 

the River’s headwaters with those of its main tributary the Avenue above their 

junction at Riversmeet. Field observations provided photographic evidence of 

aspects of these contrasts, but the extent of observations was limited by 

inaccessibility of much of the area. Dense vegetation also prevented lower order 

channels being clearly distinguishable in aerial photographs. 

To overcome these challenges and quantitatively investigate variability in boundary 

conditions, methods were developed using geographic information systems. ArcGIS 

software was used to apply spatial analysis methods to a geological map and a 2m 

resolution digital elevation model. Investigations included quantifying lithology 
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distribution, extracting cross sectional profiles from 1st order streams, and extracting 

slope data in near stream zones developed using a buffer system applied to Strahler 

order classified streams. Patterns of slope distribution and cross-sectional profiles 

supported field observations suggesting that the Avenue River has channel 

characteristics associated with more energetic flows than the Scamander. Stream 

networks developed for the two sub-catchments suggest flood hydrographs would be 

very different.  The large number of similar tributaries of the Avenue suggesting a 

high flood peak, and the Scamander’s longer catchment shape with smaller 

tributaries producing a lower and more prolonged flood peak.  

The interaction between different weathering processes associated with lithology and 

base level changes accompanying at least 5 glacial cycles over a 2.4MY period in 

Tasmania can explain these contrasting characteristics. Flow energy in rivers 

decreases when sea level rises, causing sediments to deposit. Increased flow 

energy during low sea levels causes incision to progress upwards through river 

channels. This process, called degradation, drives the natural evolution of channel 

networks. Mathinna Group lithology is prone to incision because the cobbles formed 

from breakdown act as tools for saltating abrasion on the troughlike channel beds 

that form when blocks defined by perpendicular planes of weakness are dislodged. 

The extensive network of steep, incised tributaries in the Avenue is a logical 

outcome of repeated incision. Granite bedrock resists incision, which is further 

inhibited by boulders derived from it on the channel beds, and coarse sand produced 

from its disintegration. The Scamander’s upper reaches, where granite dominates, 

have rough, well vegetated, low energy channels whose condition resembles those 

prevalent in Australian rivers at the time of European arrival. The Avenue has high 

energy, incised, trough like channels with low roughness and little vegetation.  

The distribution of lithology, a geographic feature, and a history of cycles of sea level 

rise and fall have interacted to create these contrasting channel conditions. The 

Avenue and Scamander sub-catchments differ in their susceptibility to incision 

initiated by historical disturbance because of long-term geographic and historical 

influences. 

Because there is only one flow meter, located below Riversmeet Junction, there are 

no separate flow records from which could confirm differences in energy and flood 
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hydrographs between the Avenue and Scamander. Separate flow information for the 

two sub-catchments would also benefit river management, as for example in the 

siting of a potential water supply dam. If these conclusions are correct, a dam in the 

Avenue catchment would store water in its steep, rocky channels that would normally 

be rapidly lost during floods. Water naturally stored in the landscape of the 

Scamander could continue to contribute to base flows. 

The spatial analysis aspect of this study provided the greatest technical challenges. 

Having had no previous experience with geographic information systems or spatial 

analysis software, the author found learning to use ArcGIS challenging and time 

consuming. The initial plan involved stream power mapping, which would have 

provided convincing evidence of the difference in flow energy between the 

Scamander and Avenue. Methods published by several authors for extraction of 

stream power were considered (Vocal Ferencevic and Ashmore, 2012, Jain et al., 

2006, Gartner, 2016). Much effort was spent in attempting to achieve this goal. 

Stream power maps would have provided definitive evidence for (or against) the flow 

energy contrasts expected to accompany the contrasting channel characteristics 

found in the Avenue and Scamander Rivers. Unfortunately, it was not possible to 

complete this aspect of the study.  

Developing spatial analysis methods used in this study further and applying them to 

different river systems could provide valuable insights into river condition and 

function. With the addition of stream power mapping, and extraction and analysis of 

longitudinal profiles, the methods used here have potential to contribute a 

quantitative element to characterisation of river types. Use of Model Builder in 

ArcGIS could streamline the process. Using these methods to their fullest capacity to 

quantitatively describe channel character and relationship to lithology in Tasmanian 

Rivers could produce a valuable database for river management. It would develop 

over time as further LiDAR data is collected and DEM produced that would allow 

change to be detected. 

The Reading the Landscape approach (Brierley et al., 2013) has been applied in Ch. 

4 to describe contemporary channel condition.  Links with historical disturbance have 

been considered. Progression along a trajectory of change has been evaluated 
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based on the classic channel evolution model (Booth and Fischenich, 2015), for 

selected reaches with sufficient evidence.  

Cycles of sea level rise and fall that interact with lithologies that are differentially 

susceptible to incision which follows base level change, have contributed to very 

different channel character within sub-catchments of the Scamander.  Below their 

main tributary junction, the channels of the Scamander’s main trunk have been 

influenced through changes in flow energy accompanying historical sea level rise 

and fall cycles, but also more directly as sea level has inundated channels up to 20m 

above contemporary ASL and fallen to 130m below ASL.  

Cycles of high and low sea level have promoted different conditions over time within 

today’s estuarine channels. Tasmania has undergone a 5,000-year period of high 

sea levels up to the present time, after thousands of years of base level rise and fall 

during glacial cycles. Typical features of an estuary subjected to these conditions on 

high wave energy coastlines in south eastern Australia are a basin filling, and often 

well filled, with sediments and a stable barrier at the river opening. Historical 

evidence shows both features existed at Scamander in the mid-19th century, and 

energy conditions within the basin were typically low.  

The contemporary Scamander River has an unstable sand delta at its opening, and 

deep, steep sided high energy channels in its lower estuarine reaches. These 

channel conditions are consistent with high energy flows such as those associated 

with low sea levels, and not normally found within estuarine basins following high 

sea level periods. The historical evidence in Chapter 2 suggests the powerful flows 

that accompanied repeated bridge collapses are responsible for scouring out these 

high energy channels. Migration of channel incision into the catchment following 

these changes has contributed to increased stream power during floods. The 

opening barrier was also scoured away to be replaced by a flood/tide delta and 

constantly moving channel at the contemporary river opening. These atypical 

features result from the imbalance between high wave energy on this coast and 

large volume, high energy riverine flows during floods. The interaction between these 

energetic forces maintains unstable, changing conditions at the Scamander River 

opening. Rising sea levels in coming decades will further contribute to ongoing 

instability. 
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As is typical of rivers in south eastern Australia, contemporary channel form in the 

Scamander’s main trunk is influenced by well-preserved landscape memory, formed 

under changing energy conditions that accompany sea level change. This is evident 

in the tight, bedrock confined bends at Hospital Corner and Prices Reach, which 

restrict planform change and limit sediment deposition to highly stable floodplain 

formations. Vertical adjustment is the main response to disturbance in these 

channels. Its downward extent is limited by previous channel bed incision into 

bedrock, upward adjustment by deposition of sediments occurs during low energy 

periods. Under contemporary conditions in these estuarine channels, riverine forces 

interact with changing water levels as the river opening is alternately open and 

closed, for highly variable periods of time, to further complicate channel response to 

disturbance. 

The Reading the Landscape analysis provides evidence of a lagged response to 

disturbance in the Scamander catchment. Stage of channel evolution following 

disturbance and prospects for recovery vary greatly between reaches. This is 

consistent with the influence of complex landscape memory, inputs from tributaries 

with contrasting character, and other sources of disturbance acting in recent 

decades including forest clearing and fire that are beyond the scope of this research. 

Reaches of significance to the community, such as SM11 at the water supply, SM04 

Prices Reach, SM05 Hospital Corner appear to be at different stages in the trajectory 

of change. Evidence from community observation (Ch 5) shows Prices Reach was 

deeply incised, but it has been aggrading for decades, sand is now depositing at the 

base of steep banks and revegetating with seagrass, most likely Zostera muelleri 

(Rees, 1993), the channel has recently been widening through block failure. This 

evidence suggests Prices Reach may be approaching a stage of quasi-equilibrium. 

Due to the complexity of influences on Prices Reach, measures to promote 

stabilisation would be advisable. Below Ryans Bridge, at the water supply, 

movement of gravel slugs through the channel and washing away of the bridge, 

which last occurred in 2011, suggests disturbance is ongoing. Upstream of Ryans 

Bridge, bank attached and in stream vegetated bars may indicate progress towards 

recovery. This wide range of stages in the trajectory of response is consistent with 

progression of channel bed incision through a complex river system. Further 
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consideration of channel response in would assist in managing these areas 

appropriately to their condition. 

This lagged response influenced by contrasting character of tributaries, planform 

stabilising influence of landscape memory, and other complicating factors is likely to 

remain an ongoing feature of the Scamander’s behaviour.  

An online survey and historical interviews of long-term residents were conducted and 

analysed in Chapter 5. The Community’s relationship with the river is complex and 

contradictory. 

The Scamander’s earlier catchment history is little known in the community. 

However, community awareness of change in the river is considerable. The 

contemporary Scamander, a valuable resource and a source of concern, is very 

much a part of community life.  

Engagement of the Scamander community with the River is focussed on the river 

opening, at Prices Reach where water skiing occurs, and near the water supply. At 

these locations, observers have noted changes that are associated with degradation. 

Together with historical newspaper reports, observations of the ‘barway’ suggest 

there is ongoing build-up of sand in the river mouth. Observers comment that this 

seems to have increased since a second bridge was constructed. However, there is 

no means of determining whether this is directly influenced by having two bridges, or 

perhaps more readily noticed with the bridges as reference points. The channel 

continues to change its position, and closes frequently, inundating roads and 

threatening dwellings. At Prices Reach, recreational observers note depth of the 

channel has reduced significantly. At the water supply, residents are concerned that 

decision makers are unaware of the seriousness of the Scamander’s powerful 

floods. Their warnings go unheeded, and mistakes continue to be made.  

Community views on what can and should be done are conflicting. Information and 

understanding of the processes involved are lacking at all levels. The contrast 

between the beauty and significance of the River, and the concern caused to 

residents by the unpredictable, and poorly understood forces acting in this area is a 

defining characteristic of the Scamander community. The community’s complex 

interaction with the Scamander River is as much a product of geography and history 

as are the River’s unusual physical features. 
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Technologies for measuring various aspects of river function are developing rapidly 

and have the potential to improve understanding of the processes operating in the 

Scamander. A simple transducer, designed for fishermen, was used to map channel 

depth in Reaches SM04 and SM05, providing some valuable insights. Such 

measurements should be carried out to the extent that depth allows in the 

Scamander, preferably with equipment that can download measurements. The 

author plans to commence regular measurements with the equipment we have on 

hand. Repeating depth measurements at set intervals would indicate rate of change 

in depth. Measurements taken following significant floods would enable details about 

deposition and transfer of sediments to be better understood. A transducer with the 

capacity to download data would increase the validity of the data. Tasmania’s rivers 

have endless potential for study of river processes. If funding could be found to 

procure a set of modern instruments, much could be achieved by students and 

researchers in Tasmanian Rivers.  

Modern acoustic instruments are available for measuring detailed velocity profiles 

across river channels.  Equipment is being developed for measuring bedload. 

Investigation of ‘old folded rock’ forced bends with such instruments could enhance 

understanding of the processes that govern formation of ingrown meanders in this 

unusual lithology. The variety and scale of rivers within the State of Tasmania, could 

provide a rich arena for research into many aspects of river function. This would 

benefit science and provide insights into the condition of our State’s waterways. 

Community input through historical interviews and an online survey (Chapter 5) have 

provided insights into changes occurring during recent decades on the Scamander. 

They have also shed light on community concerns about particular parts of the river 

where management is currently not seen to be the best possible. The river opening 

is a focus of community observation. Participants were able to provide insights into 

changing sediment balance and its impact on river opening and channel movements. 

Changes to channel depth in Prices Reach observed by water skiers, suggest this 

reach is working towards natural recovery, and this should be promoted. Concerns 

about the reach at the water supply should also be considered by management. The 

casual observations of the community have assisted in understanding changes for 

which little physical or recorded evidence is available. 
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The study has shown that aspects of catchment history can be reconstructed from 

online newspapers via the Trove NLA to provide insights into human impacts during 

the post-European-settlement period. With the aid of modern scientific literature, 

understanding of the process acting can be developed. It has also demonstrated that 

relatively straight forward spatial analysis approaches can provide quantitative 

comparisons of sub-catchments that shed light on the influence of lithology on 

channel character and sensitivity to change. The degree to which each of these 

approaches can assist in better understanding the condition of Tasmania’s rivers and 

the influences acting on them could be further investigated. The value of field 

observations based on the River Styles Framework in evaluating river condition has 

been affirmed. Where river systems are largely inaccessible, and funds are limited, 

the value of GIS, and the quantitative comparisons it can provide, needs to be further 

promoted. Community interest in, and concern for the Scamander, and the evidence 

on which their concerns are based are illustrated in responses to the surveys carried 

out, and worthy of consideration in management efforts on this river. 

This thorough, descriptive study of the Scamander River, based on various readily 

accessible methods, provides insights into a river that was previously not studied, 

and poorly understood. The Scamander River and her country hold many more 

valuable stories, may we learn to listen more intently and to treat her with 

appropriate respect. Similar studies on other Tasmanian Rivers, particularly with 

further development of the quantitative spatial analysis aspects, could enhance 

understanding on which improved management could be based. 
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