
 
 

THE INFLUENCE OF RIVER SENSITIVITY AND 

SEDIMENT CONNECTIVITY ON GEOMORPHIC 

RESPONSE AND EFFECTIVENESS IN THE 

LOCKYER VALLEY, SEQ 

 
 

 
 

Peyton E. Lisenby 
B.S. (Geology), M.S. (Geology) 

 
Department of Environmental Sciences, Macquarie University  

 
Thesis submitted for the degree of Doctor of Philosophy, April 2017  



2 
 

 
 
 

  



3 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

For my wife, Elizabeth... 
 
 

  



4 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

“How can we possibly have the slightest idea what to expect?” 
 

- Dr. Alan Grant 
  



5 
 

Table of Contents 
Page 

  
 Abstract ........................................................................................................................... 7 
 Certificate ........................................................................................................................ 9 
 Acknowledgements ....................................................................................................... 11 
 
Chapter 1 – Introduction ....................................................................................................... 13 
 Geomorphic Response .................................................................................................. 15 
 Characterizing the Variability of Geomorphic Response and Effectiveness ................ 17 
 Linking Geomorphic Response to River Management ................................................. 18 
 The Lockyer Valley ...................................................................................................... 19 
 Thesis Aims and Structure ............................................................................................ 24 
 References ..................................................................................................................... 33 
 
Chapter 2 – Geomorphic Effectiveness ................................................................................. 43 
 Abstract ......................................................................................................................... 45 
 Introduction ................................................................................................................... 45 
 Quantifying ‘Effectiveness’ .......................................................................................... 49 
 The Future of Geomorphic Effectiveness ..................................................................... 54 
 Conclusions ................................................................................................................... 57 
 References ..................................................................................................................... 57 
 
Chapter 3 – The Resilience of Lockyer Creek ..................................................................... 63 
 Abstract ......................................................................................................................... 65 
 Introduction ................................................................................................................... 65 
 Regional Setting ............................................................................................................ 66 
 Methods ........................................................................................................................ 68 
 Results ........................................................................................................................... 70 
 Discussion ..................................................................................................................... 77 
 Conclusion .................................................................................................................... 79 
 References ..................................................................................................................... 80 
 
Chapter 4 – The Expectation of Geomorphic Adjustment ................................................. 83 
 Abstract ......................................................................................................................... 85 
 Introduction ................................................................................................................... 85 
 Study Area .................................................................................................................... 86 
 Methods ........................................................................................................................ 88 
 Results ........................................................................................................................... 91 
 Discussion ..................................................................................................................... 99 
 Conclusions ................................................................................................................. 101 
 References ................................................................................................................... 102 
 
Chapter 5 – Sedimentologically Significant Tributaries ................................................... 105 
 Abstract ....................................................................................................................... 107 
 Introduction ................................................................................................................. 107 
 Study Site .................................................................................................................... 108 
 Methods ...................................................................................................................... 109 
 Results ......................................................................................................................... 111 
 Discussion ................................................................................................................... 114 
 Conclusions ................................................................................................................. 115 
 References ................................................................................................................... 116 



6 
 

 
 
Chapter 6 – The Utility of Coarse Spatial Datasets ........................................................... 119 
 Abstract ....................................................................................................................... 121 
 Introduction ................................................................................................................. 121 
 Study Site and Methods .............................................................................................. 122 
 Results......................................................................................................................... 123 
 Discussion ................................................................................................................... 126 
 Conclusions................................................................................................................. 127 
 References ................................................................................................................... 127 
 
Chapter 7 – Assessing Future Channel Response .............................................................. 131 
 Abstract ....................................................................................................................... 133 
 Introduction ................................................................................................................. 134 
 Regional Setting .......................................................................................................... 136 
 Characterizing River Sensitivity and Sediment Connectivity .................................... 139 
 Climatic and Geomorphic Context of the Lockyer Valley ......................................... 140 
 Forecasting Future Geomorphic River Response ....................................................... 146 
 Discussion ................................................................................................................... 152 
 Conclusions................................................................................................................. 157 
 References ................................................................................................................... 158 
 
Chapter 8 – Discussion ......................................................................................................... 175 
 Thesis Synthesis.......................................................................................................... 177 
 Extrapolating Expectations of Geomorphic Response ............................................... 181 
 Assessing Geomorphic Effectiveness ......................................................................... 195 
 Implications for Management and Future Research ................................................... 202 
 References ................................................................................................................... 203 
 
Appendices............................................................................................................................. 219 
 APPENDIX 1 – Supporting information for Chapter 3.............................................. 221 
 APPENDIX 2 – Supporting information for Chapter 4.............................................. 227 
 APPENDIX 3 – Demonstration of concept for Chapters 5 and 6 .............................. 239 
 APPENDIX 4 – Supporting information for Chapter 5.............................................. 249 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



7 
 

ABSTRACT 

The sensitivity of river channels to geomorphic adjustment and the dynamics of sediment 

connectivity along channel networks are key controls on the ability of a geomorphic system to 

respond to flood events. In turn, the cumulative impact of geomorphic responses to successive 

floods determines the geomorphic effectiveness of any flood event. River sensitivity and sediment 

connectivity can change significantly over space and time. Correspondingly, the ability of a 

geomorphic system to respond is also variable so that geomorphic effectiveness is not definitively 

characterized by a static relationship between event magnitude and geomorphic response, but 

rather is a dynamic comparison between geomorphic response and an actively changing capacity 

for geomorphic adjustment. Herein, this thesis presents a characterization of river sensitivity and 

sediment connectivity for the Lockyer Valley, Queensland, Australia. Sensitivity and connectivity 

datasets are used to establish expectations of geomorphic channel behavior and are linked to 

concomitant geomorphic factors (i.e. geomorphic thresholds, self-organization, geomorphic 

recovery, and geomorphic effectiveness). The data chapters in this thesis detail a history of 

geomorphic channel adjustment along Lockyer Creek and its tributaries and provides a method for 

analysing the nature of coarse sediment (dis)connectivity within the catchment. This research 

shows that the sensitivity to, and capacity for, geomorphic adjustment varies significantly with 

channel morphology and valley position. Additionally, the nature of bedload sediment 

connectivity changes with the distribution of geomorphic landforms and channel barriers that can 

impede sediment transference through the system. In the Lockyer Valley, this variability in river 

sensitivity and sediment connectivity influences the severity, distribution, and form of 

geomorphic adjustments that occur in response to sporadic, and sometimes catastrophic, flood 

events. Therefore, river management philosophies that incorporate concepts of river sensitivity 

and sediment connectivity are better suited to predict and interpret future channel behavior. 

Ultimately, the geomorphic effectiveness of flood events in the Lockyer Valley can only be 

determined by comparing geomorphic responses with the ability of this geomorphic system to 

respond.    
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1. Introduction 
 

 Over two-thirds of the Earth’s continental surfaces are drained by rivers (Baker, 

1986). Rivers are subject to change over space and time, and these changes are visible 

through the geomorphological adjustment of fluvial landforms – those landforms created and 

maintained by river processes, for example, river channels, floodplains, terraces, sediment 

bars and benches. Geomorphic adjustments are ultimately responses to disturbances in, or 

alterations of, a range of environmental forces (e.g. climate change, tectonic activity, 

vegetation cover, sediment supply, anthropogenic forces, flood events, earthquakes, and 

droughts). The manner in which rivers respond reveals the complex interplay between factors 

that are internal and external to the system and that govern river behavior. The effectiveness 

of these factors at instigating morphological change is partially dependent on the severity and 

extent of the disturbance. Recently, the Lockyer Valley of southeastern Queensland, Australia 

was devastated by catastrophic flooding. In the aftermath of the floods, this thesis project was 

enacted as part of a broader research initiative to better understand and predict the 

geomorphic impact of large flood events. The research presented here seeks to characterize 

river adjustments in the Lockyer Valley and to determine how different geomorphic factors 

control past, present, and future river channel response. 

 

1.1. Geomorphic Response  

 

Geomorphic responses are physical adjustments instigated by both naturally-occurring 

and anthropogenically-forced disturbance events that are ultimately structured by self-

organized, internal system dynamics (Phillips, 1999, 2009; Phillips and Van Dyke, 2016). 

They are the principal means by which earth scientists can observe the interaction between 

internal and external, driving and resisting forces at work in natural environments (Wolman 

and Miller, 1960). Often, geomorphic responses are categorized as different forms of 
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morphological adjustment (e.g. Brierley and Fryirs, 2005; Fryirs et al., 2009). Additionally, 

geomorphic responses can be portrayed through the alteration of threshold conditions of 

adjustment (Schumm, 1973; Beven, 1981); although, threshold changes are more difficult to 

observe until a morphological response is triggered (e.g. soil moisture increase leading to 

hillslope failure). More often, threshold responses are retrospectively inferred from 

morphological adjustments. Evaluations of past geomorphic responses in river channels have 

traditionally been used to recognize morphological adjustments produced by both modern and 

historical disturbance events, such as hurricanes, floods, earthquakes, and tsunamis (e.g. 

Bretz, 1925; Collins and Schalk, 1937; Wolman and Eiler, 1958; Hadley, 1960; Kon'no et al., 

1960; Baker, 1973). However, in fluvial environments, it was recognized early on that 

variation in physiographic region and antecedent environmental conditions strongly 

influenced the ability of river channels to respond via processes of erosion and deposition and 

in forming the channel (Gilbert and Murphy, 1914; Anderson and Trobitz, 1949; Leopold and 

Wolman, 1956; Wolman, 1959; Baker, 1977). Nevertheless, the variable relationship between 

flood events and geomorphic responses was generalized to create a simple relationship 

between the magnitude and frequency of floods and the resultant geomorphic work, 

formulating the initial hypothesis for the concept of geomorphic effectiveness (Wolman and 

Miller, 1960). The desire to link a particular magnitude of response to a recurring magnitude 

of disturbance event is related to historical efforts to characterize longer-term ‘equilibrium’ 

conditions in all natural landscapes (Gilbert, 1877; Mackin, 1948; Langbein and Leopold, 

1964; Howard, 1965). An equilibrium state implies a particular and consistent balance 

between driving and resisting forces, so that landscape evolution is driven by a linear 

‘seesawing’ between forces of adjustment and forces of stability that approaches equilibrium 

conditions (e.g. Lane, 1955). However, as this simple approach was used to characterize a 

broader range of geomorphic processes in different physiographic environments, the 

recognition of variability in the nature of geomorphic response highlighted the err in 
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assuming equilibrium tendencies at all scales in all landscapes (Trimble, 1977; Phillips, 1992; 

Renwick, 1992; Thorn and Welford, 1994; Bracken and Wainwright, 2006).   

 

1.2. Characterizing the Variability of Geomorphic Response and Effectiveness 

 

Our understanding of the complex and contingent relationship between geomorphic 

responses and an array of externally- and internally-derived controls greatly expanded through 

the development of geomorphic concepts that linked auto- and allogenic influences to 

variability in geomorphic response, for example, thresholds and complex response (Schumm, 

1973, 1979), landscape sensitivity (Brunsden and Thornes, 1979), sediment connectivity 

(Walling, 1983), geomorphic recovery (Wolman and Gerson, 1978), and self-organization 

(Bak et al., 1987, 1988). These concepts are fundamentally interdependent, as the nature of 

one will influence the nature of the others. The evolution of landforms to a critical failure 

state, defined as thresholds of change by Schumm (1979), is a key control on the ease with 

which landforms can adjust, defined as sensitivity by Fryirs (2016). Correspondingly, 

geomorphic adjustments within landscapes can affect the ease with which sediment can be 

transported from its source to a sink or between landforms and landscape compartments, 

defined as sediment connectivity by Fryirs (2013) and Bracken et al. (2015). Reciprocally, the 

availability and transportability of sediment can affect the form, severity, and distribution of 

geomorphic adjustments and establish further adjustment thresholds (Hooke, 2003; Czuba and 

Foufoula-Georgiou, 2015). The interplay between landform sensitivity and sediment 

connectivity after threshold-breaching events (e.g. floods) will then influence the suite of post 

event landform adjustments, defined as recovery by Phillips and Van Dyke (2016). Over time, 

the feedbacks initiated by past responses and the propagation of geomorphic effects can 

instigate internally-evolved threshold states, described as self-organized behavior by Phillips 

(1999, 2003) that ‘set-up’ future landform adjustments to occur alongside externally-initiated 
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responses. Ultimately, the interaction of these geomorphic factors not only dictate the nature 

of geomorphic response to a single disturbance event, but also the variability of response 

across sequences of events and the recovery of the landscape during interim periods. 

Therefore, each of these concepts dictate, in part, a landscape’s ability to respond and will 

subsequently control the geomorphic effectiveness of any disturbance event. Moreover, these 

concepts demonstrate the limitations of simple magnitude-frequency methodologies in 

predicting geomorphic response (Crozier, 1999; Richards, 1999), and they have since 

independently developed into frameworks for assessing geomorphic interactions at multiple 

scales, from landform and channel reach adjustments to landscape evolution (Brunsden, 2001; 

Werner, 2003; Phillips, 2014; Bracken et al., 2015; Fryirs, 2016; Phillips and Van Dyke, 

2016). Crucially, concepts that can explicate the spatiotemporal variability of geomorphic 

response are inextricably linked through the geomorphic concept designed to evaluate the 

significance of those responses – the concept of geomorphic effectiveness.    

 

1.3. Linking Geomorphic Response to River Management  

 

Incorporating geomorphic knowledge into holistic river management policies is a 

recent trend in river management practice (Wohl et al., 2015). Historically, rivers have been 

managed, restored, or rehabilitated to address very specific aims, such as flood control, 

fishing, irrigation, sanitation, navigation, water supply, or aesthetics (White, 1998; Thompson 

and Stull, 2002; Poff et al., 2007; Wohl, 2014; Wohl et al., 2015). These types of management 

interventions, until recently, rarely utilized a geomorphic understanding of channel behavior 

to inform decisions. In the past few decades, river management has become more 

multifaceted, where numerous stakeholders with different motivations may establish multiple 

river restoration and management goals (White, 1998; Bernhardt et al., 2005; Wohl et al., 

2005; Kondolf et al., 2007). Geomorphic knowledge is essential for these types of initiatives 
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because it can help determine what types of outcomes are possible and how different 

management goals may interact in a particular channel reach (Brierley and Fryirs, 2005; Wohl 

et al., 2005; Fryirs, 2015; Wohl et al., 2015). Unfortunately, geomorphic insights are often 

only incorporated with management strategies at the scale of individual channel reaches. This 

ignores a broader contextual understanding that can help characterize how well sediment is 

connected upstream to downstream, and what catchment-scale factors may influence 

morphological adjustments within a particular reach (Kondolf et al., 2006; Fryirs and 

Brierley, 2009; Raven et al., 2010; Fuller et al., 2011a; 2014). The ability of those tasked with 

river management to characterize and understand the controls on geomorphic response (e.g. 

river sensitivity and sediment connectivity) in their catchment will determine their subsequent 

ability to effectively manage, restore, or rehabilitate river channels (Bernhardt et al., 2007; 

Fuller et al., 2011b).     

 

1.4. The Lockyer Valley 

 

The Lockyer Valley is a ~ 3000 km2 tributary catchment of the Brisbane River located 

in subtropical, southeastern Queensland (SEQ), about 80 km west of Brisbane (Figure 1). This 

region receives seasonally variable rainfall ranging from 900 to 1800 mm (Rustomji et al., 

2009), and mean monthly temperatures range between 21 and 29° C (Croke et al., 2013a). 

The trunk stream, Lockyer Creek, confluences with 20 major tributaries, and river types vary 

from bedrock-confined or partly confined to occasionally wandering or gravel-boulder bed, to 

single thread, sand bed macrochannels with cohesive banks (Figures 1 A-G, 2 A-F). The 

upper portions of the catchment on the western and southern boundaries are steep, forested, 

and orographically influence rainfall (Jordan, 2011; SEQWater, 2013). The valley widens 

downstream and develops extensive floodplains shared with several of the largest tributaries 

of Lockyer Creek.   
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Figure 1. Location of the Lockyer Valley in SEQ. A) Gravel-boulder bed channel with pool-

riffle sequences in upper Murphys Creek. B) Gravel-bedrock bed channel near the beginning 

of Lockyer Creek. C) Sand-gravel channel in the first expansion zone (see Chapter 1 for 

definitions and locations of expansion and contraction zones). D) Near beginning of 

macrochannel form of Lockyer Creek. E) Lockyer Creek macrochannel open to grazing. F) 

Lower Lockyer Creek macrochannel with large sand bars. G) Lockyer Creek macrochannel 

near Buaraba Creek and the Brisbane River Confluence. Red arrows indicate scale.  
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Figure 2. Changing channel morphology along the Blackfellows (left) and Laidley Creek 

(right) tributaries. A) Laidley Creek macrochannel near confluence with Lockyer Creek. B) 

Gradual decrease in channel size upstream along Laidley Creek. C) Channel widening, 

shallowing, and coarsening along Blackfellows Creek. D) Sand-gravel channel in the upper 

Laidley catchment. E) Wide, shallow, gravel-bed channel in the upper Blackfellows 

catchment. F) Wide, shallow, gravel-bed channel in the upper Laidley catchment. 
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Prior to European settlement and exploration in 1823, the Lockyer Valley was 

characterized by early explorers as having mixed forests with variable density along with 

abundant grassland plains and pastures (Steele, 1983; Kemp et al., 2015). Agricultural 

development in this region began in the early-mid 1800s with widespread farmland irrigation 

and weir construction developing through the early and mid-1900s (Tew, 1979; Lockyer 

Catchment Centre, 2000). Since European settlement, two-thirds of native vegetation has been 

cleared for agricultural purposes (Apan et al., 2002).   

This thesis project originates from a broader Australian Research Council (ARC) 

Linkage Grant (LP120200093) awarded in 2012 to a multi-institution and state agency team. 

This grant was motivated by a catastrophic flood that occurred in the Lockyer Valley, SEQ in 

January 2011. This flood claimed the lives of 17 people in the Lockyer Valley and caused 

considerable damage to property and infrastructure in SEQ (ICA Hydrology Panel, 2011; van 

den Honert and McAneney, 2011; Rogencamp and Barton, 2012). The severity of the 2011 

flood brought into focus the hydroclimatic setting of the Lockyer Valley, where extended dry 

periods are punctuated by intense rainfall events (Rustomji et al., 2009; Taschetto and 

England, 2009; Cai et al., 2010; Cai and van Rensch, 2012). The 2011 flood is credited with 

‘breaking’ the Millennial Drought, the most severe drought on record (van Dijk et al., 2013). 

These periodic floods result in high flood variability for SEQ which is related to the El Nino-

Southern Oscillation (ENSO) and the Interdecadal Pacific Oscillation (IPO). Major floods 

have occurred over 10 times within the past 200 years (Croke et al., 2013b; Fryirs et al., 

2015), with recent large floods occurring in 2011 and 2013. The largest floods on record 

occurred in 1841 and 1893 (van den Honert and McAneney, 2011). Correspondingly, this 

thesis work stems from ‘Stage 3’ of the ARC Linkage Grant, titled ‘Geomorphic Assessment 

of River Response to Floods and Droughts.’ Research in this stage compliments three other 

stages that investigate the quaternary evolution of the Lockyer Valley, the regional paleoflood 

record of SEQ, the immediate geomorphic effects of the 2011 flood, and modelling river 
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response and the geomorphic evolution of channels in the Lockyer Valley (Croke et al., 2012; 

Thompson et al., 2012; Croke et al., 2013a; Croke et al., 2013b; Grove et al., 2013; Thompson 

and Croke, 2013; Thompson et al., 2013; Croke et al., 2014; Thompson et al., 2014; Croke et 

al., 2016a; Croke et al., 2016b; Lam et al., 2016; Thompson et al., 2016a; Thompson et al., 

2016b; Daley et al., 2017). The final report of this ARC Linkage Project and a synthesis of the 

research conducted, including portions of this thesis, is provided at 

http://www.thebigflood.com.au/.  

 

1.5. Thesis Aims and Structure 

 

The overarching objective of this thesis is to characterize the controls on, and the 

variability of, river responses to sequences of floods and droughts in the Lockyer Valley, 

SEQ. To accomplish this objective, this thesis will utilize the geomorphic concepts of river 

sensitivity and sediment connectivity to describe how geomorphic responses, and the ability 

of landscapes to respond, can vary in space and time. The controls of river sensitivity and 

sediment connectivity will be related using the concept of geomorphic effectiveness to 

characterize how channel sensitivity/resilience and sediment (dis)connectivity can influence 

channel adjustment and the evolution of rivers in a catchment. Characterizing the array of 

controls on geomorphic response is a key step in establishing sound catchment management 

strategies that consider the variability of geomorphic behavior across the Lockyer Valley.  

 

This thesis has five aims:  

Aim 1. Relate geomorphic controls on river response to the variability of geomorphic 

effectiveness for disturbance events. 

Aim 2. Characterize the variability of river sensitivity in the Lockyer Valley. 

Aim 3. Characterize the variability of sediment (dis)connectivity in the Lockyer Valley. 

http://www.thebigflood.com.au/
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Aim 4. Evaluate catchment- to reach-scale controls on geomorphic response in river channels. 

Aim 5. Utilize river sensitivity and sediment connectivity datasets to assess future river 

response in the Lockyer Valley.  

 

These aims are addressed through six data chapters (Chapters 2 through 7) that are 

published in, or prepared for submission to, international journals. A discussion section 

(Chapter 8) integrates the findings from the data chapters into a cohesive assessment of 

geomorphic responses and effectiveness. Supporting information for the data chapters is 

provided in an appendices section. The data chapters are sequenced according to the thesis 

aims. Below, the purpose of each chapter is briefly summarized and the contributions of each 

individual author (Peyton Lisenby – PL; Kirstie Fryirs – KF; Jacky Croke – JC) are provided. 

 

Chapter 2 –Geomorphic Effectiveness  

Lisenby, P., Croke, J., Fryirs, K., 2016. Geomorphic effectiveness: A linear concept in a non-

linear world. Earth Surface Processes and Landforms, doi: 10.1002/esp.4096. 

 

This chapter, titled ‘Geomorphic Effectiveness: A linear concept in a non-linear world,’ is 

published as a ‘State of Science’ article in the journal ‘Earth Surface Processes and 

Landforms.’ This chapter establishes the conceptual framework for analyzing geomorphic 

response in the subsequent data chapters. Here, the historical development of the concept of 

geomorphic effectiveness is reviewed and some important and troubling legacies of that 

history are explained. The paper goes on to critique the metrics used to quantify the causes 

and effects of natural disturbance events, emphasizing that metrics of cause and effect must be 

distinguishable (not the same), comparable (apply at similar spatiotemporal scales), and 

flexible (apply in a variety of geomorphic environments) in order to determine the 

geomorphic effectiveness of a single or multiple disturbance events. Lastly, this paper sets the 
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‘effectiveness’ concept in a non-linear context. In order for the geomorphic effectiveness 

concept to remain useful in the future, it must fit into a framework that explains the variability 

of geomorphic response over time, incorporating concepts of geomorphic sensitivity and 

sediment connectivity. Where ‘geomorphic effectiveness’ is used to determine if a 

disturbance event was effective, non-linear concepts like sensitivity and connectivity help to 

answer why or why not.    

 

Manuscript preparation – PL (75 %), JC (15 %), KF (10 %). PL contributed the majority of 

manuscript writing and produced all of the figures; JC contributed to the manuscript 

organization and writing revisions; KF contributed writing on specific geomorphic concepts 

and helped to revise and edit the manuscript. 

Intellectual Contribution – PL (60 %), JC (25 %), KF (15 %). PL provided the majority of the 

intellectual contribution. JC contributed the initial idea and to the direction of this manuscript. 

KF provided guidance on specific geomorphic concepts.   

 

Chapter 3 – The Resilience of Lockyer Creek  

Fryirs, K., Lisenby, P.E., Croke, J., 2015. Morphological and historical resilience to 

catastrophic flooding: The case of Lockyer Creek, SE Queensland, Australia. 

Geomorphology 241, 55-71, doi: 10.1016/j.geomorph.2015.04.008. 

 

This chapter, titled ‘Morphological and historical resilience to catastrophic flooding: The case 

of Lockyer Creek, SE Queensland, Australia,’ is published in the journal ‘Geomorphology.’ 

This chapter presents an analysis of river sensitivity for Lockyer Creek in an effort to provide 

a historical context for the extent of geomorphic channel adjustments that occurred during the 

2011 flood. This paper utilizes sequential sets of maps, air photos, and satellite imagery to 

identify the form, number, and distribution of geomorphic channel adjustments along Lockyer 
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Creek from the late 1800s to 2011. The form and distribution of channel adjustment are listed 

in Appendix 1. The results demonstrate that the reach-averaged morphology of Lockyer 

Creek has remained relatively characteristic over time, and no wholesale forms of adjustment 

or significant changes in channel width have occurred. The majority of adjustments served to 

adjust or reorganize the geomorphic units occurring within the macrochannel, and overall, 

trunk stream channel responses to severe flooding have been minor. These results suggest that 

the trunk stream system is resilient due to the antecedent ‘setting’ of the macrochannel 

morphology which acts as a 1st-order control on channel adjustment. This implies that large 

events that would often be considered geomorphically effective may not impart the expected 

severity of geomorphic adjustment.  

 

Data compilation and analysis – Data gathered and initial analysis conducted by KF; data 

analysis performed by PL. 

Manuscript preparation – KF (55 %), PL (40 %), JC (5 %). KF provided the manuscript 

organization, wrote the ‘Introduction’ and ‘Discussion’ sections, provided an initial draft of 

the results, and revised the ‘Regional Setting’, ‘Methodology’, and ‘Results’ sections. PL 

produced and organized the results figures, and wrote the ‘Regional Setting’, ‘Methodology’, 

and ‘Results’ sections. JC revised the manuscript.  

Intellectual Contribution – KF (65 %), PL (30 %), JC (5 %). KF contributed the majority of 

the intellectual contribution, provided the initial idea for the paper, and oversaw the 

conceptual development of the paper. PL contributed ideas for the analysis and discussion of 

results. JC provided guidance on specific geomorphic concepts. 
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Chapter 4 – The Expectation of Geomorphic Adjustment 

Lisenby, P.E., Fryirs, K.A., 2016. Catchment- and reach-scale controls on the distribution and 

expectation of geomorphic channel adjustment. Water Resources Research 52(5), 

3408-3427, doi: 10.1002/2015WR017747. 

 

This chapter, titled ‘Catchment- and reach-scale controls on the distribution and expectation 

of geomorphic channel adjustment’ is published in the journal ‘Water Resources Research.’ 

This chapter extends the Chapter 3 analysis of historical channel adjustments along the three 

largest tributaries of Lockyer Creek – Buaraba, Laidley, and Blackfellows Creek. 

Additionally, this chapter seeks to identify the catchment-scale morphometric and reach-scale 

morphological controls on the frequency of channel adjustments. The results demonstrate that 

portions of the tributaries are much more sensitive to adjustment than the trunk stream, and 

that these adjustments significantly impact the channel margins through forms of avulsion, 

lateral expansion, and bend adjustments. Statistical analyses demonstrate that these three 

tributaries also behave distinctly different from one another in terms of where channel 

adjustments are concentrated. The number and forms of adjustment in each tributary and 

statistical analyses are provided as supporting information for this publication in Appendix 2. 

This paper ultimately identifies distinct process domains in the Lockyer Valley where channel 

behavior, the sensitivity or resilience to geomorphic adjustment, varies with channel 

morphology and catchment location.  

 

Fieldwork – Carried out by PL. 

Data compilation and analysis – Data gathered by PL; analysis performed by PL. 

Manuscript preparation – PL (90 %), KF (10 %). PL provided the manuscript organization, 

produced and organized all figures, and wrote the majority of the manuscript. KF provided 

specific writing contributions in the discussion section and revised the manuscript.  
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Intellectual Contribution – PL (80 %), KF (20 %). PL contributed the majority of the 

intellectual contribution, provided the initial idea for the paper, and oversaw the conceptual 

development of the paper. KF contributed ideas for the discussion of the results data and 

provided guidance on specific geomorphology concepts.  

 

Chapter 5 – Sedimentologically Significant Tributaries 

Lisenby, P.E., Fryirs, K., 2017. Sedimentologically significant tributaries: Catchment-scale 

controls on sediment (dis)connectivity in the Lockyer Valley, SEQ, Australia. Earth 

Surface Processes and Landforms, doi: 10.1002/esp.4130. 

 

This chapter, titled ‘Sedimentologically significant tributaries: catchment-scale controls on 

sediment (dis)connectivity in the Lockyer Valley, SEQ, Australia’ is published in the journal 

‘Earth Surface Processes and Landforms.’ This chapter analyzes the nature of coarse sediment 

connectivity throughout the Lockyer Valley, as sediment connectivity is a key control over 

geomorphic channel adjustments. This paper utilizes three forms of connectivity data – 

distributions of sediment buffers and barriers, distributions of effective (potential sediment 

contributing) catchment areas (ECAs), and patterns of downstream sediment fining 

(sedimentary links) along Lockyer Creek. A preliminary sediment (dis)connectivity study 

published in the Proceedings of the 8th Australian Stream Management Conference is 

provided in Appendix 3. The individual sediment fractions for sediment surveys conducted 

along Lockyer Creek are provided in Appendix 4. The results demonstrate that the Lockyer 

Valley is highly disconnected where extensive buffers and numerous weirs inhibit sediment 

transference to and along Lockyer Creek. The most sedimentologically significant tributaries 

are those located in the upper (NW) portion of the catchment as these tributary basins contain 

the fewest buffers. This finding is corroborated by a downstream fining pattern that appears to 

be interrupted by these uppermost tributary junctions. Downstream, numerous weirs (barriers) 



Chapter 1 - Introduction 

30 
 

and accumulating buffers will inhibit sediment transference and disconnect several of the 

largest tributaries from Lockyer Creek. Overall, the lower Lockyer region is characterized as a 

large coarse sediment sink.  

 

Fieldwork – Carried out by PL. 

Data compilation and analysis – Data gathered by PL; analysis performed by PL. 

Manuscript preparation – PL (90 %), KF (10 %). PL provided the manuscript organization, 

produced and organized all figures, and wrote the majority of the manuscript. KF provided 

specific writing contributions in the discussion section and revised the manuscript.  

Intellectual Contribution – PL (80 %), KF (20 %). PL contributed the majority of the 

intellectual contribution, provided the initial idea for the paper, and oversaw the conceptual 

development of the paper. KF contributed ideas for the discussion of the results data and 

provided guidance on specific geomorphology concepts. 

 

Chapter 6 – The Utility of Coarse Spatial Datasets 

Lisenby, P.E., Fryirs, K., 2017. ‘Out with the old?’ Why coarse spatial datasets are still useful 

for catchment-scale investigations of sediment (dis)connectivity. Earth Surface 

Processes and Landforms, doi: 10.1002/esp.4131. 

 

This chapter, titled ‘Out with the old? Why coarse spatial datasets are still useful for 

catchment-scale investigations of sediment (dis)connectivity’ is published as a ‘Letters to 

ESEX’ article in the journal ‘Earth Surface Processes and Landforms.’ This chapter, in the 

form of a technical note, highlights the utility of lower-resolution DEM datasets for simpler, 

universal, catchment-scale modelling of sediment (dis)connectivity. A preliminary sediment 

(dis)connectivity study published in the Proceedings of the 8th Australian Stream Management 

Conference is provided in Appendix 3. The paper utilizes analyses of ECA for seven, very 
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different tributaries of Lockyer Creek. ECAs were calculated using 1 m, 5 m, and 25 m DEM 

resolutions using a simple slope-threshold model in ArcGIS. The results demonstrate that the 

25 m DEM resolution provided more realistic calculations of ECA for comparing sediment 

(dis)connectivity between tributary catchments and was better related to the distributions of 

sediment buffers. However, stream definition can decrease, especially for lower-order 

streams, as DEM resolution decreases. This chapter finds that lower-resolution datasets can 

provide a quick and reliable source of geomorphic data that can yield useful results when 

paired with simple surface process models. 

 

 Data compilation and analysis – Data gathered by PL; analysis performed by PL. 

Manuscript preparation – PL (90 %), KF (10 %). PL provided the manuscript organization, 

produced and organized all figures, and wrote the majority of the manuscript. KF provided 

specific writing contributions in the discussion section and revised the manuscript.  

Intellectual Contribution – PL (80 %), KF (20 %). PL contributed the majority of the 

intellectual contribution, provided the initial idea for the paper, and oversaw the conceptual 

development of the paper. KF contributed ideas for the discussion and organization of the 

results data and provided guidance on specific geomorphology concepts. 

 

Chapter 7 – Assessing Future Channel Response 

Lisenby, P.E., Fryirs, K.A., in prep. River sensitivity and sediment connectivity as tools for 

assessing future channel response: Examples from the Lockyer Valley, SEQ. Journal 

of Environmental Management. 

 

This chapter, titled ‘River sensitivity and sediment connectivity as tools for assessing future 

channel response: examples from the Lockyer Valley, SEQ’ has been prepared for submission 

to the ‘Journal of Environmental Management.’ This chapter utilized the results obtained 
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from Chapters 3, 4, 5, and 6 to help establish expectations of future channel adjustment in the 

Lockyer Valley. The paper combines analyses of river sensitivity (distribution of historical 

geomorphic adjustments) and sediment (dis)connectivity (distributions of buffers, barriers, 

ECAs, and sedimentary links) to identify four channel reaches that display different 

sensitivity and connectivity characteristics: resilient-disconnected, resilient-connected, 

sensitive-connected, and sensitive-disconnected. Historical trajectories of adjustment, 

anthropogenic impacts, and future climate change scenarios are considered for each of these 

four reaches to synthesize possibilities for future channel response. This paper demonstrates 

how river sensitivity and sediment connectivity datasets can support a ‘reach-in-catchment’ 

perspective, which is necessary for generating more holistic management approaches. 

Utilizing geomorphic concepts to produce catchment-scale datasets and perspectives 

encourages river managers to work with, not against, the natural behavior of fluvial 

environments. 

  

Data compilation and analysis – Data gathered by PL; analysis performed by PL. 

Manuscript preparation – PL (70 %), KF (30 %). PL provided the manuscript organization, 

produced and organized all figures, and wrote the majority of the manuscript. KF provided 

specific writing contributions in the discussion section, helped to organize the manuscript text 

and revised the manuscript.  

Intellectual Contribution – PL (70 %), KF (30 %). PL contributed the majority of the 

intellectual contribution, provided the initial idea for the paper, and oversaw the conceptual 

development of the paper. KF contributed ideas for the discussion and organization of the 

results data and provided guidance on specific geomorphology and river management 

concepts. 
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Abstract 

 

The science of geomorphology is increasingly used to inform river management efforts; 

however, the complexity of fluvial systems make predictions of future channel adjustment 

difficult at best. The geomorphic concepts of landform sensitivity and sediment connectivity 

are well suited to aid river managers in assessing the probability and variability of future river 

channel responses. This can be especially helpful in planning for impacts of future climate 

change, or changes in management activity. River sensitivity and sediment connectivity 

datasets provide a necessary reach-in-catchment perspective. This places the capacity for 

adjustment of a channel reach in a catchment-scale context based on its degree of 

sedimentological connectivity. In this paper, we use river sensitivity and sediment 

connectivity datasets to describe the historical trajectory and future adjustment possibilities 

for four channel reaches in the Lockyer Valley, southeast Queensland (SEQ). We use these 

datasets with three different scenarios of future climate and river management conditions to 

constrain what forms of geomorphic adjustment are possible for resilient-disconnected, 

resilient-connected, sensitive-connected, and sensitive-disconnected channels. Forecasting 

and depicting a range of adjustment scenarios and trajectories can aid river managers by 

establishing expectations of future channel behavior. This information can then be fed into the 

decision-making process regarding where to prioritize management actions as part of 

mailto:peyton.lisenby@students.mq.edu.au
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catchment action planning that works with, not against, the natural behavior of riverine 

environments. 

 

Keywords: geomorphic forecasting, climate change, catastrophic flood, river restoration, 

scenario-building, prioritization 

 

Introduction 

 

Geomorphology in particular, and river science more generally, is experiencing an 

increasing drive to become as predictive as it is retrodictive (Wilcock and Iverson, 2003). 

Currently, the precision with which river scientists can simulate, model, and detail the 

physical adjustments of rivers in response to environmental disturbances is not matched by 

the ability to forecast what changes may occur in the future. This issue becomes more 

challenging as geomorphic science is progressively incorporated into river management 

strategy and policy (Gregory et al., 2008; Biron et al., 2014; Wohl et al., 2015). When river 

scientists are called upon by public, industry, or government interests to determine what 

future river adjustments are possible, or if a river can recover, the uncertainty associated with 

the complex and unpredictable nature of fluvial responses can cause river scientists to fall 

short of expectations (Schumm, 1973, 1983; Burkham, 1981; Downs, 1995; Clark, 2002; 

Phillips, 2003; Wohl et al., 2005; Hillman and Brierley, 2008).  

Two of the many key controls on the complexity and unpredictability of geomorphic 

river responses are the interdependent influences of landform sensitivity and sediment 

connectivity (Brunsden, 2001; Thomas, 2001; Lisenby et al., 2017). Landform sensitivity is a 

geomorphological concept that describes the propensity of landforms to respond to 

environmental disturbances (Brunsden and Thornes, 1979). However, the susceptibility of a 

landform to geomorphic adjustment depends significantly on the availability and 
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transportability (connectivity) of sediment within a landscape (Thomas, 2001; Hooke, 2003a; 

Bracken et al., 2015). In rivers, sensitivity describes the ease with which fluvial landforms can 

adjust their morphology over space and time (Brierley and Fryirs, 2005; Fryirs, 2016). 

Correspondingly, the availability and connectivity of sediment along a river network will 

control, to some extent, the number, form, and severity of future river channel adjustments 

(Hooke, 2003a; Czuba and Foufoula-Georgiou, 2015). Ultimately, the spatiotemporal 

variability of river sensitivity and sediment connectivity exerts significant control on the 

ability of a river to respond which makes the task of forecasting future river response difficult 

(Brunsden, 2001; Lisenby et al., 2017). This, however, should not deter fluvial 

geomorphologists from the task of forecasting, and applying confidence limits to forecasts, 

particularly in the context of understanding the likely impact of future landuse, human 

disturbance, and climate change on river forms and processes (Tucker and Slingerland, 1997; 

Gilvear and Black, 1999; Hooke, 2003b; Wilcock and Iverson, 2003; Wilby et al., 2006; Lane 

et al., 2008). Limitations of prediction in geomorphology should not detract from the utility of 

geomorphic guidance regarding the forecasting of possible river futures (Brierley and Fryirs, 

2005; Houben et al., 2009; Brierley et al., 2012; Brierley et al., 2013; Brierley and Fryirs, 

2016). Instead, such work should form the foundation of planning, prioritization, monitoring, 

and implementation strategies as part of best river management practice (Pizzuto, 2002; 

Piégay et al., 2005; Gurnell et al., 2016). It is imperative now that the river science and 

management communities understand the inherent uncertainties in geomorphic system 

responses and embrace transparency regarding the challenges of forecasting future behavior 

(Clark, 2002; Lancaster and Grant, 2003; Boulton et al., 2008; Hillman and Brierley, 2008). 

The development of geomorphic concepts like river sensitivity and sediment connectivity can 

provide useful tools for determining the expectation of how rivers have adjusted in the past, 

how they behave toady, and how they might adjust in the future (Newson, 2002; Grabowski et 

al., 2014; Czuba and Foufoula-Georgiou, 2015; Fryirs, 2016).  
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Analyses of river sensitivity should be used to document the history of river channel 

adjustments across many reach types, thereby establishing historical trajectories of river 

adjustment and behavior (Montgomery, 2008; Wohl, 2011; Fryirs et al., 2015; Brierley and 

Fryirs, 2016; Lisenby and Fryirs, 2016). These channel reach adjustments can then be set in a 

catchment-scale context by analyzing the sediment availability to, and connectivity of, the 

catchment stream network, thereby establishing expectations of how responses may propagate 

over space and time (Grabowski et al., 2014; Czuba and Foufoula-Georgiou, 2015; Lane et 

al., 2017). The application of sensitivity and connectivity analyses at the catchment scale is 

essential for assessing the ability of different channel reaches to respond to disturbance, and 

deriving predictions of how reach-scale adjustments may influence further responses along 

the channel network (Downs and Gregory, 2004; Owens, 2005; Brierley et al., 2006; Brierley 

and Fryirs, 2009; Fryirs et al., 2009).  

In this paper, we use existing river sensitivity and coarse sediment connectivity 

datasets to outline the historical trajectories of river behavior and possibilities of future 

channel adjustment for four different channel reaches in the Lockyer Valley, southeast 

Queensland (SEQ). We consider the impact of current anthropogenic disturbances and utilize 

climate change forecasts for this region to construct three different future scenarios toward 

which these channels may adjust. The four reaches represent four different river sensitivity 

and sediment connectivity conditions (resilient-disconnected, resilient-connected, sensitive-

connected, and sensitive-disconnected) and serve as examples to guide management practices 

in this region.  

 

Regional Setting 

 

The Lockyer Valley is a ~ 3000 km2 tributary catchment of the Brisbane River located 

in subtropical SEQ, about 80 km west of Brisbane (Figure 1). This region receives seasonally 
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variable rainfall ranging from 900 to 1800 mm (Rustomji et al., 2009), and mean monthly 

temperatures range between 21 and 29° C (Croke et al., 2013). The valley widens downstream 

and develops extensive, cultivated floodplains shared with several of the largest tributaries of 

the trunk stream – Lockyer Creek. The Lockyer Valley floodplains support an important 

agricultural industry in the state of Queensland, accounting for over 15% of the state’s 

vegetable produce value (Australian Bureau of Statistics, 2012).  

The Lockyer Valley has historically adjusted to large, periodic flood events with 

interim periods of droughts (Thompson et al., 2016a), and the western and southern 

catchment boundaries orographically influence rainfall (Jordan, 2011; SEQWater, 2013). For 

example, the recent ‘Millennial Drought’ (2001-2009) was the worst drought on record for 

eastern Australia (van Dijk et al., 2013). Subsequently, the flood of 2011 was brought about 

by the most intense rainfall event on record in SEQ (Cai and van Rensch, 2012). This high 

hydrological variability is linked to the El Nino-Southern Oscillation (ENSO) and the 

Interdecadal Pacific Oscillation (IPO) (Rustomji et al., 2009; Cai and van Rensch, 2012). In 

SEQ, variable, seasonal flood events drive processes of channel evolution (Fryirs et al., 2015; 

Thompson et al., 2016a). Major floods have occurred over 10 times within the past 200 years 

with recent large floods in 2011 and 2013 and the largest floods on record in 1841 and 1893 

(van den Honert and McAneney, 2011). Channel types in the Lockyer Valley vary from 

bedrock-confined or partly confined (Figure 1A) to occasionally wandering or gravel-boulder 

bed (Figure 1B), to single thread, sand bed macrochannels with cohesive banks (Figure 1C) 

(Lisenby and Fryirs, 2016). 
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Figure 1. Location of the Lockyer Valley, the four study reaches, and the spatial distributions of sediment 

buffers, barriers, ECAs (for coarse sediment fractions), and channel types. A) Bedrock channel in upper Lockyer 

Creek. B) Wide, shallow, gravel-bed reach in upper Laidley Creek. C) Macrochannel along lower Lockyer 

Creek. Pictures taken by Peyton Lisenby and Kirstie Fryirs. Note that: cont. – continuous, discont. –

discontinuous, occas. – occasional, FP – floodplain. 
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Characterizing River Sensitivity and Sediment Connectivity 

 

The sensitivity and connectivity data presented in this study are from recent research 

in the Lockyer Valley. River sensitivity was characterized by comparing sequential sets of 

historical maps, aerial photos, and satellite images of Lockyer Creek (Fryirs et al., 2015) and 

the three largest tributaries – Buaraba, Laidley, and Blackfellows Creek (Lisenby and Fryirs, 

2016). These image comparisons were used to identify the range of historical geomorphic 

channel adjustments from the late 1800s to 2011/2013. The distribution of these adjustments 

was then compared to channel geometry/morphology and valley morphometry to identify key 

controls on the location and form of channel adjustment. Please see Fryirs et al. (2015) and 

Lisenby and Fryirs (2016) for complete methodological descriptions and for definitions of 

individual forms of adjustment. In this paper we have summarized this historical information 

to produce a gradient of adjustment frequency for any given reach (Figure 1) with red 

representing reaches that have experienced frequent and numerous historical adjustment and 

green representing reaches that have experienced limited historical adjustment.   

Coarse sediment connectivity was characterized through an analysis of sediment 

(dis)connectivity. This analysis compared catchment-scale spatial distributions of sediment 

buffers (geomorphic features that impede sediment transfer to channels, e.g. floodplains, 

terraces, alluvial fans, trapped tributary fills), barriers (features that block sediment transport 

along channels, e.g. weirs), tributary effective catchment areas (ECAs, i.e. the area of a 

tributary catchment with a slope steeper than 2° that could contribute coarse, bedload 

sediment to a channel), and patterns of downstream sediment fining (i.e. sedimentary links) 

along Lockyer Creek (Lisenby and Fryirs, 2017b, a). The spatial distribution of sediment 

buffers, barriers, and ECAs are given in Figure 1. Please refer to Lisenby and Fryirs (2017b, 

2017a) for the complete methodology and definitions of sediment buffers, barriers, and ECAs 

(cf. Fryirs et al., 2007). 
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Climatic and Geomorphic Context of the Lockyer Valley 

 

Historical Context 

Alluvial valley bottoms in the SEQ region, and the Lockyer Valley in particular, have 

experienced several phases of aggradation and incision, resulting in terrace development and 

river channel avulsions over the past ~ 200,000 years (Daley et al., 2017; Croke et al., under 

review). In the past 2000 years, the Lockyer Valley has experienced several periods of high 

flood activity, with major peaks occurring in the mid-1900s, late 1800s, 1730, 1300, and 550 

A.D. (Croke et al., 2016; Lam et al., 2016). Ages from preserved bench sediments and the 

adjacent floodplain along Lockyer Creek indicate that a large event around the 1700s stripped 

the channel to bedrock (Croke et al, 2016a). Bench sediments have accumulated and been 

reworked by subsequent floods over decadal to centennial time scales (Thompson et al., 

2016a).  

Agricultural development in the Lockyer Valley began in the early-mid 1800s with 

widespread development of farmland irrigation and weir construction occurring through the 

early and mid-1900s (Tew, 1979; Lockyer Catchment Centre, 2000). Since European 

settlement, two-thirds of native vegetation has been cleared for agricultural purposes (Apan et 

al., 2002).  

 

Current Geomorphic Setting – River Sensitivity and Sediment Connectivity 

  

In the upper portion of the Lockyer Valley, near Helidon, the Lockyer Creek trunk 

stream channel takes on a macrochannel (compound, channel-in-channel) morphology with 

banks comprised of cohesive, fine-grained alluvium (Croke et al., 2013; Croke et al., 2014; 

Thompson et al., 2016a). This morphology persists downstream along the lower reaches of 
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Lockyer Creek and in the lower reaches of the major tributary channels (e.g. Tenthill, Laidley, 

and Buaraba Creeks) (Figure 1) (Croke et al., 2014; Fryirs et al., 2015). In the far upper 

reaches of Lockyer Creek and in the middle-upper reaches of the tributaries, the channels 

have a simpler channel form with a single-channel morphology that ranges from bedrock-

boulder, stepped-bed to wide, shallow, gravel-bed to narrower, slot-shaped channels (Figure 

1). Overall, the lower Lockyer Creek macrochannel has been relatively resilient to 

geomorphic adjustment since European colonization (Fryirs et al., 2015). In contrast, portions 

of the tributary channels, and the upper parts of the trunk stream, have experienced various 

forms of geomorphic adjustment since European settlement and are considered more 

geomorphically sensitive than lower Lockyer Creek (Lisenby and Fryirs, 2016). Tributary 

reaches where geomorphic adjustment has repeatedly occurred over the past ~120 years tend 

to be located upstream of the influence of the Lockyer Creek fine-grained floodplain buffer, 

in the middle to upper portions of the tributary catchments (Figure 1). The forms of 

geomorphic adjustment experienced include reorganization of geomorphic units within the 

channel, channel expansion, channel avulsion, channel stripping, and bend adjustments 

(Lisenby and Fryirs, 2016).  

Overall, the Lockyer Valley has a high degree of coarse sediment disconnectivity 

(Lisenby and Fryirs, 2017b, a). Extensive sediment buffers (predominantly floodplains) and 

numerous weirs (barriers) inhibit coarse sediment transference to, and along, the Lockyer 

Creek trunk stream (Lisenby and Fryirs, 2017b). This is compounded by the lower Lockyer 

Valley acting as a significant sediment sink (Thompson et al., 2016b). The bed material 

texture of Lockyer Creek is controlled by the presence and placement of key 

sedimentologically significant (connected) tributaries, overbank floodwater expansion or 

contraction zones, and weirs (Croke et al., 2013; Lisenby and Fryirs, 2017b).  

Given this range of geomorphic conditions across the catchment, four representative 

study reaches have been identified with which to explore the possibilities of future channel 
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adjustment using river sensitivity and sediment connectivity datasets: Reach 1 – lower 

Lockyer Creek, which is resilient and disconnected; Reach 2 – upper Lockyer Creek, which is 

resilient and connected; Reach 3 – mid-upper Blackfellows Creek, which is sensitive and 

connected; and Reach 4 – mid-Laidley Creek, which is sensitive and disconnected (Figure 1).  

Adjustments along lower Lockyer Creek (Reach 1) are dominantly characterized by 

reorganization of the assemblage of instream geomorphic units, particularly sediment bars and 

benches (Fryirs et al., 2015), with numerous wet bank mass failures (WBMFs) occurring 

when the banks have high antecedent moisture (Figure 2) (Grove et al., 2013; Thompson et 

al., 2013). The resilient lower Lockyer channel is sedimentologically disconnected from the 

upper catchment, with numerous weirs located along the trunk and tributary channels, and is 

distally located to ECAs (Figure 1).  

Upper Lockyer Creek (Reach 2) also has a resilient channel margin, but is located 

more proximally to ECAs and has experienced more numerous in-channel adjustments than 

the lower Lockyer. These adjustments primarily consist of periods of sediment erosion, 

vegetation stripping, and re-aggradation corresponding with the timing of large flood events 

(Thompson and Croke, 2013; Fryirs et al., 2015) (Figures 1, 2).  
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Figure 2. River sensitivity, sediment connectivity, and evolutionary history characteristics for the four study 

reaches. 
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The mid-upper portions of several tributaries (e.g. Buaraba, Laidley, and Blackfellows 

Creek) in the Lockyer Valley have experienced numerous, but localized, geomorphic 

adjustments since European colonization (Fryirs et al., 2015; Lisenby and Fryirs, 2016) 

(Figures 1, 2). In mid-upper Blackfellows Creek (Reach 3), these geomorphic adjustments are 

primarily lateral expansion, thalweg shifts, bend adjustments, and channel avulsions (Olley et 

al., 2010; Lisenby and Fryirs, 2016) (Figures 1, 2). These sensitive channel reaches typically 

have high width-to-depth ratios, coarser-grained (gravel) bed material, and are proximally 

located to ECAs (Figures 1, 3).  

Downstream, many of the tributary channels display decreasing sediment connectivity 

in their middle reaches, as sediment buffers and barriers accumulate (Lisenby and Fryirs, 

2017b). These reach locations (e.g. mid-Laidley Creek, Reach 4) have displayed fewer 

historical geomorphic channel adjustments than the mid-upper tributary reaches, but more 

than the lower tributary and lower Lockyer reaches. These mid-tributary reaches are still 

sensitive to future channel adjustment given their mixed, fine alluvial margins and somewhat 

proximal location to ECAs (Figures 1, 2, 3).   
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Figure 3. Aerial and in-channel pictures depicting geomorphic units and channel adjustments for each study 

reach. Aerial and satellite imagery gathered from DNRM and the Queensland Globe plugin for Google Earth, 

Queensland State Government. In-channel pictures taken by Peyton Lisenby. 

  



  Chapter 7 – Assessing Future Channel Response 

146 
 

Forecasting Future Geomorphic River Response 

 

Future Climate Projections 

Rainfall has decreased in SEQ over the past 50 years (Nicholls, 2006; Taschetto and 

England, 2009; Timbal et al., 2010), and a decreasing rainfall trend is projected to continue in 

the future (Reisinger et al., 2014). Future climate models project with near certainty that SEQ 

will experience a warming trend over the next 50 to 100 years (IPCC, 2014; Reisinger et al., 

2014) and suggest that warming will be coupled with longer periods of drought (Hennessy et 

al., 2008) and more extreme precipitation events (Alexander and Arblaster, 2009). Coupling 

higher temperatures with longer and/or more severe droughts will generate more intense 

drying conditions that are projected to reduce rainfall runoff and soil moisture content in SEQ 

(Cai et al., 2009; Chiew et al., 2009; Chiew et al., 2011). Despite reduced total rainfall 

projections, intense rainfall extremes are projected to increase so that this region may be 

subjected to long periods of warmer, drier droughts punctuated by more intense rainfall events 

(Alexander and Arblaster, 2009; Reisinger et al., 2014). Correspondingly, landuse in rural and 

agricultural areas is also projected to change in order to adapt to climate changes (Bi and 

Parton, 2008; Settele et al., 2014). Most notably, a warmer and drier climate that reduces soil 

moisture will generate an increased demand for irrigation water (Cai et al., 2009). Given that 

landuse in the Lockyer Valley is dominated by agricultural practices, landuse changes in 

response to climate change can be expected for this region.  

 

Possibilities for Future Channel Adjustment 

 Our current characterizations of river sensitivity and sediment connectivity are a good 

starting point for forecasting future possibilities of channel adjustment under different 

management and climate scenarios in the next 50 to 100 years. We have depicted three 

scenarios to demonstrate how we expect the geomorphic structure of our study reaches to 
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adjust in the future given a mix of flooding scenarios and management conditions. Scenario 1 

is depicted for a future catastrophic flood and status quo management. Scenario 2 is depicted 

for future catastrophic flooding and expanded riparian vegetation management practice, and 

Scenario 3 is depicted for interim periods of only small-moderate floods and status quo 

management (Figure 4). These scenarios are sets of depictions for how we expect geomorphic 

processes and landforms to adjust along different reaches in the catchment, given what we 

know about the past trajectory of adjustment, the impacts of recent flooding, and the position 

of each reach in the catchment. These scenarios represent a baseline set of expectations that 

could be tested with geomorphic and hydrological modeling to both assess the applicability 

and likelihood of modelled results and to generate more specific quantitative outcomes, as 

part of risk assessment and planning in river management practice (Church, 2003; Wilcock et 

al., 2003).  

For the resilient and disconnected lower Lockyer reach (Reach 1), the 

erosion/deposition and reorganization of instream sediment bars and benches is expected to 

continue (Figure 4, Reach 1). If no new management strategies are implemented (Scenario 1), 

future extreme flooding may induce more severe bench sediment stripping, similar to what 

has been documented upstream along Lockyer Creek (Croke et al., 2013) and has occurred 

recurrently in the past (Croke et al., 2016). This may be accompanied by sediment transfer 

through this reach to the junction with the Brisbane River. WBMFs are expected to continue 

provided that periodic rainfall events create very wet antecedent conditions prior to flooding 

(Grove et al., 2013).  
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Figure 4. Future adjustment possibilities and catchment connectivity setting for each study reach. Future 

Adjustment Scenarios are 1 – future catastrophic flooding (equiv. to 2011 flood) and status quo management 

practices; 2 - future catastrophic flooding and expanded riparian vegetation management practices; 3 – time 

period with small-moderate flooding and status quo management.   
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 Flood breaches of the natural and anthropogenically modified channel levees will 

result in future spill-out zones and sediment splays on the floodplain. The height of the levees 

and the ‘perched’ nature of Lockyer Creek above its floodplain indicate that a channel 

avulsion is possible during a future severe flood (cf. Thompson et al., 2014). Future riparian 

management approaches could establish more native vegetation within and along the 

macrochannel (Croke et al., 2017) (Scenario 2). More densely vegetated channel banks, 

benches, and levees would reduce the potential for sediment stripping and induce more in-

channel sediment aggradation and retention on benches. This may also promote further 

channel-floodplain connectivity and sediment trapping on the floodplain. WBMFs are still 

possible. A series of small-moderate flows and a lack of extreme flood events (Scenario 3) 

could see a slower accumulation of vegetation and sediment on benches. Flows confined 

within the macrochannel are the most effective at transferring sediment downstream 

(Thompson et al., 2015). The reorganization of in-stream geomorphic units, such as benches 

and bars, is likely (Lisenby and Fryirs, 2016).  

In the upper Lockyer (Figure 4, Reach 2), the modern cycle of sediment stripping and 

re-aggradation within the macrochannel, and the corresponding adjustment of the channel 

thalweg, benches, and bars, will likely continue with future extreme flood events (Scenario 1). 

More severe flooding may also induce some floodplain erosion along sparsely vegetated 

alluvial corridors in the partly confined valleys of the upper Lockyer (cf. Nanson, 1986; 

Warner, 1995; Fryirs et al., 2009; Thompson and Croke, 2013). Again, future riparian 

management approaches could establish more native vegetation within and along the 

macrochannel (Scenario 2) (Croke et al., 2017). This would curtail the stripping of sediment 

during floods and promote sediment aggradation and trapping on benches. Bench and bar 

development and reorganization may yield a higher degree of floodwater connectivity 

between the channel and floodplain pockets which may result in future sediment trapping on 

the floodplain. With small to moderate flooding (Scenario 3) confined within the 
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macrochannel, sediment will likely be transferred through the reach (Thompson et al., 2016a; 

Thompson et al., 2016b) (Figure 4, Scenario 3). In the absence of catastrophic flooding, 

native vegetation may become better established, enhancing sediment retention on benches; 

however, within-channel flows will continue to reorganize channel benches and bars and 

realign the channel thalweg.  

The mid-upper Blackfellows Creek reach (Figure 4, Reach 3) will continue to display 

a range of channel margin adjustments into the future. Continued anthropogenic channel 

grading (the smoothing of channel margins using heavy equipment) and vegetation clearing 

may increase the erodability of channel margins. These practices can promote further lateral 

channel expansion, bend adjustment, thalweg re-alignment, and channel avulsion during large 

flood events (Scenario 1). For example, after the 2011 flood this reach was graded, cleared of 

vegetation, and banks were stabilized near road crossings. Subsequently, a similar flood in 

2013 generated large channel avulsions (Ivezich and Hardie, 2014) (Figure 5).  

Reach 3 is well-connected and proximally located to potential sediment sources 

upstream, so channel aggradation is likely if sediment supply increases. Channel bed 

aggradation may induce further channel avulsions (Jones and Schumm, 1999; Phillips, 2011). 

Riparian management approaches could promote leaving this reach alone (Scenario 2). 

Sensitive and well connected reaches have a greater ability to respond to flood events (Downs 

and Gregory, 2004; Lisenby et al., 2017), and future riparian management will not prevent the 

occurrence of future channel adjustment. However, leaving the channel alone will promote 

the establishment of riparian vegetation, sediment bar growth, and sediment trapping which 

may curtail excessive channel margin erosion and avulsion. Importantly, the anthropogenic 

stabilization of channel margins will not guarantee reductions in channel adjustment. 

Sensitive reaches like mid-upper Blackfellows Creek can adjust around in-channel works, 

similar to the avulsions in this reach in 2013. Without future catastrophic flooding (Scenario 
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3), this reach may still experience lateral expansion, and bar and thalweg adjustment as a 

result of in-channel flows.  

 

 

Figure 5. Adjustment of mid-upper Blackfellows Creek following the 2011 and 2013 flood events. Satellite 

imagery gathered from Queensland Globe plugin for Google Earth, Queensland State Government. Photo of 

channel grading courtesy of Jon Olley.  

 
The mid-Laidley reach (Figure 4, Reach 4) is sensitive and sedimentologically 

disconnected. This puts it at risk of channel incision and expansion during future catastrophic 

flooding (Scenario 1), given its mixed alluvial margins and disconnection from upstream 

sediment. Bank mass failures may continue in this reach, and anthropogenic levee 

construction may trigger levee breaches during large flood events, inducing localized bank 

and floodplain gullying (Walker et al., 2014). Future riparian management could establish 

more riparian vegetation (Scenario 2) (Walker et al., 2014). This would promote bench and 

bar development, maximizing sediment retention within this reach. Channel aggradation 
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coupled with increased riparian vegetation could promote more overbank floodwater and 

sediment connectivity between the channel and the floodplain. This may result in sediment 

trapping on the floodplain. In the absence of future catastrophic flooding (Scenario 3), this 

reach may experience minor bar and bench aggradation if vegetation is allowed to become 

established. Future vegetation clearing may result in minor bench stripping and channel 

incision from within-channel flows.  

 

Discussion  

 

Analyzing River Sensitivity and Sediment Connectivity 

 Analyses of river sensitivity and sediment connectivity have been used here to 

develop a range of future geomorphic scenarios for a range of rivers in the Lockyer Valley. 

The methods we have used to characterize river sensitivity and sediment connectivity are one 

of many possible approaches to this type of analysis (Fryirs, 2013, 2016). Elsewhere, other 

researchers have analyzed river sensitivity through quantifying thresholds of change (e.g. 

sediment entrainment, bank failure) and assessing these for a range of disturbances to 

determine, for a given magnitude of event on a landscape in a given geomorphic condition, 

whether geomorphic change or metamorphosis is likely (Schumm, 1969; Thomas and Allison, 

1993; Downs and Gregory, 1995). Sensitivity can also be characterized through analyzing the 

response and recovery time of fluvial landforms post-disturbance (Richards, 2004; Phillips 

and Van Dyke, 2016). For example, Harvey (2007) documented the post-flood, geomorphic 

recovery of two river reaches in adjacent catchments to characterize each channel’s intrinsic 

stability and define their sensitivity to environmental disturbance. Importantly, Harvey (2007) 

found that the sediment coupling between the channels and hillslopes played a dominant role 

in differentiating the sensitivity of the two reaches.  
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Approaches to sediment connectivity analysis have been made through formulating 

sediment budgets, sedimentary link analyses, sediment delivery ratios and routing models, 

and sediment tracing/fingerprinting (Meade, 1982; Trimble, 1983; Walling, 1983; Benda and 

Dunne, 1997; Rice, 1998, 1999; Brown et al., 2009; Wichmann et al., 2009; Fryirs, 2013; 

Fryirs and Gore, 2013, 2014). Indeed, the use of sediment budget and fingerprinting models 

have already been incorporated into river management applications (Fryirs and Brierley, 

2001; Brierley and Fryirs, 2005; Owens, 2005; Walling and Collins, 2008; Rinaldi et al., 

2009; Hoffmann et al., 2010; Mukundan et al., 2012). The identification of sediment source, 

transfer, and sink zones can also be incorporated into more sophisticated models that 

characterize sediment connectivity within catchments to identify potential locations of 

channel change, or the sources of sediment to enhance river recovery (Fryirs and Brierley, 

2001; Gasparini et al., 2004; Czuba and Foufoula-Georgiou, 2015; Schmitt et al., 2016).  

 

Management Applications 

 The concepts of, and approaches to analyzing, river sensitivity and sediment 

connectivity can be applied to any catchment. Even simple approaches to applying these 

concepts can provide a first stage consideration of the possibilities and expectations of river 

adjustment in the future, and where this may (or may not) occur (Houben et al., 2009; Surian 

et al., 2009; Lisenby and Fryirs, 2017a). This can be used to set scenarios (or moving targets) 

(Brierley and Fryirs, 2016) for consideration in river management planning and risk 

assessment. Generating these types of scenarios is a key step in determining if any proactive 

management strategies are required, what management strategies may be effective and where 

to prioritize management actions or set goals (Palmer et al., 2008; Kondolf, 2011; Fryirs and 

Brierley, 2016). For example, knowing that the lower Lockyer Creek macrochannel (Reach 1) 

is not migrating across its floodplain, but has the potential to produce new spill-out-zones or 

to avulse (Thompson et al., 2014; Croke et al., 2017), is a key geomorphic insight for 
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consideration in future river management planning and risk assessment. Similarly, knowing 

that Reaches 2 and 3 along upper Lockyer Creek and Blackfellows Creek respectively are 

sedimentologically connected reaches and are proximally located to ECAs, allows us to 

forecast that these reaches may be more likely to aggrade as sediment is sourced from 

upstream (cf. Ivezich and Hardie, 2014). Conversely, sensitive but disconnected reaches like 

Reach 4 along Laidley Creek may have a higher risk of channel incision and expansion (cf. 

Walker et al., 2014).  

These analyses demonstrate that scenario-building exercises must be framed within a 

‘reach-in-catchment’ perspective. Such a perspective considers the capacity of the river to 

adjust and its position in the catchment (Brierley and Fryirs, 2005; Owens, 2005; Wohl et al., 

2005; Kondolf et al., 2006; Brierley and Fryirs, 2009). We have used sediment 

(dis)connectivity analyses (characterization of sediment buffers, barriers, and ECAs) to place 

reaches with different levels of geomorphic sensitivity (Figure 2) in a catchment-scale context 

(Figures 1, 2, 4). A reach-in-catchment perspective can be more broadly used to identify the 

possible reach impacts that may result from upstream disturbances and what downstream 

impacts may propagate from reach adjustments. This type of information is critical for river 

managers to identify potential impacts of hillslope and channel disturbances (e.g. landuse 

change, hard-engineering channel interventions) and to prioritize river management actions 

based on a geomorphic assessment of those risks (e.g. Hart et al., 2002; Chin and Gregory, 

2005; Alcantara and Goudie, 2010). Additionally, catchment-scale characterizations of river 

sensitivity and sediment connectivity can aid river managers in identifying the natural 

variability of river channels and designing treatments that work with the natural range of 

channel behavior (Gilvear, 1999; Brierley and Fryirs, 2005; Fryirs and Brierley, 2009; 

Brierley et al., 2012; Grabowski et al., 2014; Brierley and Fryirs, 2016). In this way, river 

management strategies are better equipped to give the river channel the necessary ‘freedom 

space’ with which to adjust (e.g. spill-out-zones in Reach 1; lateral expansion and avulsion in 
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Reach 3) (Piégay et al., 2005; Wohl et al., 2005; Brierley and Fryirs, 2009; Biron et al., 2014; 

Buffin-Bélanger et al., 2015). This ‘freedom space’ is set by the expected capacity for channel 

adjustment of various channels and is highly variable for any given river type at any given 

position in a catchment (Brierley and Fryirs, 2005; Piégay et al., 2005; Wohl et al., 2005; 

Brierley and Fryirs, 2009; Biron et al., 2014; Buffin-Bélanger et al., 2015).  

Likewise, river sensitivity and sediment connectivity datasets can help determine the 

potential for future river recovery or restoration in different channel reaches (Fryirs and 

Brierley, 2000; Brierley and Fryirs, 2005; Fryirs, 2015; Fryirs and Brierley, 2016). In many 

cases, rivers that become degraded (i.e. are in a state of poor geomorphic, hydrologic, and 

ecological condition due to anthropogenic disturbance) suffer from either a lack or 

overabundance of sediment (Fryirs and Brierley, 2001; Bernhardt and Palmer, 2007; Fryirs et 

al., 2009). Understanding the sediment connectivity for any given reach position within a 

catchment is crucial to determining how, or if, a river is capable of recovery (Fryirs and 

Brierley, 2016). Additionally, rehabilitation goals that seek to stabilize channel margins or 

reconfigure morphology cannot be realistically evaluated without considering the inherent and 

expected adjustment capability (sensitivity) of different morphologic units (e.g. banks, bed, 

benches, bars) (Wohl et al., 2005; Brierley and Fryirs, 2009; Fryirs and Brierley, 2009; 

Bernhardt and Palmer, 2011; Wohl et al., 2015).  

Although the forecasted scenarios of future channel adjustment presented here are not 

computationally modelled outputs, the river sensitivity and sediment connectivity datasets 

used to generate our forecasts can provide a baseline set of expectations for comparing with 

modelled outputs that predict landform sensitivity, connectivity, and change. Landform 

sensitivity and connectivity describe the intrinsic boundary conditions of processes operating 

within landscapes (Brunsden, 1993; Fryirs, 2013). Geomorphic characterizations of 

sensitivity and connectivity not only constrain what types of landforms changes are possible, 

but also establish how the sensitivity and connectivity of the landscape itself may change in 
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the future as extrinsic boundary conditions change (e.g. climate change). The integration of 

forecasting scenarios that are based on field or remotely-sensed data with those that are 

generated from computational models is critical to both initializing and evaluating model 

predictions (Hoey et al., 2003). Computational models that seek to predict landform change 

require geomorphic datasets as inputs, to set initial and boundary conditions, and to provide 

comparisons with model outputs (Kelsey et al., 1987; Church, 2003). 

 

Impacts of Future Climate Change on Geomorphic River Adjustment 

River channels in the Lockyer Valley have historically adjusted to a hydrologically 

variable climate characterized by spasmodic floods events and interim drought periods 

(Thompson et al., 2016a). Additionally, the Lockyer Valley is a highly disconnected 

catchment and exhibits resilient channel types set into highly buffered valley settings 

(Thompson et al., 2016b; Lisenby and Fryirs, 2017b). Channel reaches that are sensitive are 

relatively localized in the catchment and already exhibit a wide range of geomorphic 

responses that are expected to continue into the future (Lisenby and Fryirs, 2016). 

Importantly, the future prediction of drier conditions may have significant implications for 

riparian ecosystems, particularly groundwater and surface water (e.g. pool) dependent 

ecosystems (Arthington et al., 2000; Palmer et al., 2008; Whitehead et al., 2009; Sheldon et 

al., 2010; Death et al., 2015).    

In other world regions, future climate models project climatic conditions that may 

have more substantial impacts on fluvial systems (Aldous et al., 2011; IPCC, 2014; Death et 

al., 2015). The extent to which climate change alters the broader boundary conditions of river 

sensitivity and sediment connectivity in any catchment, including the Lockyer Valley, will 

exert significant control on the possibilities for future channel responses to disturbance events 

(Brunsden and Thornes, 1979; Gregory, 2006; Lane et al., 2008). Changing climate patterns 

can influence the degree of sediment connectivity along channel networks by altering the 
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residence time of sediment storage features (e.g. buffers) through changing vegetation 

coverage, extreme flooding events, and breaching thresholds of slope-channel coupling (Lane 

et al., 2008; Fryirs, 2013; Hoffmann, 2015). Correspondingly, reach sensitivity to adjustment 

may change in response to varying sediment loads, runoff characteristics, and changing 

thresholds of erosion/deposition for fluvial landforms (Tucker and Slingerland, 1997; Death 

et al., 2015; Fryirs, 2016). As climate patterns change, it will be crucial to monitor variations 

in river sensitivity and sediment connectivity and continually build these observations into 

scenarios of channel adjustment so that geomorphic risk assessments can be undertaken and 

proactive river management plans developed and implemented (Wilby et al., 2006; Hoffmann 

et al., 2010; Wohl et al., 2015).  

 

Conclusions 

 

As scientific and management interests progressively intersect (Wohl et al., 2015), it is 

critical that the utility of geomorphic concepts is not constrained to scientific pursuits 

(Newson, 2002). The geomorphic concepts of river sensitivity and sediment connectivity can 

be used as conceptual tools by managers to identify and understand past river behavior and to 

constrain forecasts of future channel response (Fryirs, 2016). This type of work is just 

beginning in the Lockyer Valley. The river sensitivity and connectivity interpretations 

presented here can be used as a first step towards providing the contextual geomorphic 

understanding necessary to establish expectations of geomorphic adjustment, formulate 

catchment-scale management strategies, prioritize management interventions, and model 

future channel behavior. Catchment-scale geomorphic characterizations of river sensitivity 

and sediment connectivity facilitate the development of catchment action planning that works 

with, not against, the natural behavior of riverine environments. 
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8. Discussion 

 

8.1. Thesis Synthesis 

 

This thesis has examined controls on the variability of geomorphic response of river 

channels in the Lockyer Valley, SEQ. To facilitate this contribution, the thesis addresses 5 

research aims (Figure 1) that help to isolate, evaluate, and categorize key geomorphic 

influences on river response. This discussion will first outline the contributions made by each 

chapter toward each thesis aim. These chapter contributions will then be integrated to expand 

the applicability of this work towards better conceptual understandings of geomorphic system 

behavior and the interplay of the individual geomorphic factors that affect geomorphic 

response in the Lockyer Valley. This thesis represents one component of a multistage research 

effort focused on the Lockyer Valley and southeastern Queensland. This work is funded by an 

Australian Research Council (ARC) ‘Linkage’ grant, with co-funding from state agency 

partners. As such, a key component of each research stage is to facilitate the conversion of 

scientific results into meaningful action strategies for river management in the Lockyer 

Valley. This requires that characterizations of geomorphic responses and controls on their 

spatial distribution and temporal occurrence are understood and fed directly into river 

management efforts in the Lockyer Valley. As part of a larger research effort, this discussion 

will reference the findings of other research stages to formulate a more complete and 

meaningful contribution to the geomorphic understanding of the Lockyer Valley. 
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Figure 1. Relationship between thesis aims, research approach and data chapters 
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Geomorphic responses represent an observable, physical adjustment within a 

catchment instigated by environmentally-forced disturbance events but ultimately controlled 

by a suite of geomorphic factors operating internally to the system. Thesis Aim #1 sought to 

identify the key geomorphic factors that dictate the variability in geomorphic river response 

which can be physically characterized in fluvial systems, including the Lockyer Valley. This 

aim was addressed through a review of the geomorphic effectiveness concept (Chapter 2). By 

examining the history of investigations that attempted to determine the geomorphic 

significance of disturbance events, this review identified geomorphic factors that account for 

substantial variability in geomorphic effectiveness between events. In particular, Chapter 2 

emphasizes how the spatiotemporal variability of landform sensitivity (i.e. the ease with 

which landforms can adjust or change over time) (Brunsden and Thornes, 1979; Brunsden, 

2001; Fryirs, 2016) and sediment connectivity (i.e. the ease with which sediment is 

transferred from a source to a sink and across geomorphic environments) (Walling, 1983; 

Harvey, 2002; Hooke, 2003; Fryirs, 2013; Bracken et al., 2015) can modulate the geomorphic 

responses of catchments to sequences of disturbance events over time (cf. Newson, 1980; 

Kochel, 1988; Jacobson et al., 1989; Emmett and Wolman, 2001; Sloan et al., 2001; Heritage 

et al., 2004). Correspondingly, landform sensitivity and sediment connectivity also act as key 

controls on both the ability of a geomorphic system to respond to disturbance events and the 

recovery of the system post-disturbance. Importantly, both landform sensitivity and sediment 

connectivity have developed into independent and very broad geomorphic concepts.  

This thesis approached Aims #2 and #3 by characterizing river sensitivity and 

sediment connectivity for rivers in the Lockyer Valley. These concepts can be investigated 

across entire catchments using a variety of methods (Thomas and Allison, 1993; Fryirs and 

Brierley, 2001; Fryirs et al., 2007a; Fryirs et al., 2007b). Our characterization of river 

sensitivity (Aim #2) was undertaken through an analysis of historical geomorphic adjustments 

spanning more than 100 years along Lockyer Creek (Chapter 3) and in the three largest 



Chapter 8 - Discussion 

180 
 

tributaries of the Lockyer Valley – Blackfellows, Laidley, and Buaraba Creek (Chapter 4). 

Our characterization of sediment connectivity (Aim #3) was undertaken by analyzing the 

distribution of sediment disconnecting features (buffers and barriers), effective catchment area 

(ECA), and patterns of downstream bed sediment fining (sedimentary links) within the 

Lockyer Valley (Chapters 5 and 6). Although river sensitivity and sediment connectivity are 

not the sole influences on geomorphic response, they can be related to other influential 

geomorphic concepts including thresholds (e.g. adjustment or sediment transport thresholds) 

(Schumm, 1973; Beven, 1981; Brunsden, 2001; Fryirs, 2016), geomorphic recovery (Wolman 

and Gerson, 1978; Phillips and Van Dyke, 2016) and self-organization (Phillips, 1999) 

(Chapter 2, Figure 2). Ultimately, all of these geomorphic concepts are related by their impact 

on geomorphic effectiveness, and more broadly, landscape denudation (Wolman and Miller, 

1960; Wolman and Gerson, 1978). Therefore, this thesis fits into a hierarchal framework of 

geomorphic concepts (Figure 2) and represents a timely contribution to the geomorphology 

and earth science community, who are currently in the process of updating, expanding, and 

better defining the geomorphic concepts that describe the evolution of landscapes (e.g. Warke 

and McKinley, 2011a; Wohl and Rathburn, 2013; Parsons et al., 2015; Temme et al., 2016). 

Characterizing river sensitivity and sediment connectivity allowed this investigation of 

geomorphic response to identify both catchment- and reach-scale controls on geomorphic 

adjustments and to recognize the influence of both allogenic (external) and autogenic 

(internal) catchment conditions (Aim # 4). This research provided a crucial set of foundations 

upon which 1st-order expectations of geomorphic behavior could be established and linked to 

management philosophies, which can be applied in different geomorphic environments and 

used to forecast the possibilities of future channel behavior in the Lockyer Valley (Aim #5, 

Chapter 7).   
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Figure 2. Organization and inter-relationships between geomorphic concepts discussed in this 

thesis. 

 

 

8.2. Extrapolating Expectations of Geomorphic Response 

 

Extrapolating results to explain and predict processes operating at both smaller and 

broader spatiotemporal scales is an important goal of geomorphic research. The extrapolation 

(prediction) of river behavior was described by Schumm (1983) to include seven key issues 

(scale, location, convergence, divergence, singularity, sensitivity, and complexity), which 

complicate forecasts of future river response. These issues can be more broadly organized into 

two groups. The first group combines the problems associated with applying research to 

different geomorphic environments with different externally-imposed boundary conditions 

(scale, location, and singularity). This can be described as the influence of physiographic 

region and the scale of investigation. The physiographic region of a geomorphic system not 

only sets the broadest, external controls (e.g. climate, geologic structure, lithology) (Leopold 
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and Wolman, 1956; Tinkler, 1971; Baker, 1977) but can also influence what kind of 

anthropogenic impacts develop within a catchment (e.g. urban or agricultural development, 

ground and surface water resource exploitation, deforestation). The role that climatic, 

geologic, or anthropogenic influences play in driving river evolution at multiple 

spatiotemporal scales is initially determined by the physiographic region, which initially 

establishes the uniqueness (individuality) of the system (Baker and Twidale, 1991; Brunsden, 

1993; Phillips, 2015). The second group of problems addresses the internally-derived 

unpredictability of geomorphic systems (complexity, convergence, divergence, and 

sensitivity). These four issues are encompassed within the influence of self-organization. Self-

organized geomorphic responses do not have an obvious ‘cause’ and are therefore viewed as 

complex (Werner and Fink, 1993; Phillips, 1999; Werner, 1999; Murray et al., 2009; Murray 

et al., 2014). For example, self-organized responses can yield different landforms produced by 

similar processes (divergence) or similar landforms resulting from different processes 

(convergence, also known as equifinality) (Chorley, 1962; Phillips, 2006, 2014). Even 

landscape sensitivity, which can be broadly controlled by external factors (e.g. resistant or 

easily erodible lithologies) can be governed by self-organization, where the sensitivity of 

individual landscape compartments or landforms change over time as multiple disturbance 

events alter specific thresholds of adjustment (Brunsden and Thornes, 1979; Fryirs, 2016). 

Geomorphic systems can autogenically alter the initial or antecedent conditions that yield 

subsequent control over landform sensitivity (Brunsden and Thornes, 1979; Brunsden, 1993; 

Phillips, 1999). This can redirect, reduce (filter), or exacerbate (amplify) the impact of system 

singularities (Schumm, 1983; Phillips, 2010a). Correspondingly, the influence of sediment 

connectivity must also be considered, as sediment availability and transferability are 

significant controls over internally-derived geomorphic adjustments and landscape evolution 

(Brunsden and Thornes, 1979; Hooke, 2003; Phillips, 2003; Coulthard and Van De Wiel, 

2007; Baartman et al., 2013).     
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Analyzing externally-derived and internally-derived influences on a geomorphic 

system is crucial for making realistic evaluations or predictions of geomorphic response 

(Downs, 1995; Werner, 2003; Larkin et al., 2016). For example, evaluations of the 

geomorphic effectiveness of storm events, which are primarily contingent upon the climatic 

and physiographic setting of a catchment, must be cognisant of the self-organized dynamics 

operating within the system to explain the variability of geomorphic response across multiple 

events (Coulthard and Van De Wiel, 2007) (see Chapter 2). Similarly, assessments of the 

sedimentological significance of tributaries must compare the size, shape, and location of 

tributary catchments with the internal variability of sediment (dis)connectivity processes 

operating within each tributary (Faulkner, 2008) (see Chapter 5). Ultimately, the problem of 

extrapolation is a product of the difficulty in correlating the influences of external and internal 

controls on system behavior, two of which are river sensitivity and sediment connectivity. 

The research presented in this thesis accounts for and incorporates these controls to derive 

robust characterizations (retrodictive) and expectations (predictive) of geomorphic response, 

and demonstrates how geomorphic responses can be analyzed using the Lockyer Valley as a 

case study. In doing so, this work has made a purposeful attempt to frame this investigation at 

the catchment-scale so that reach-scale interpretations of geomorphic response can be made 

within a context of larger-scaled geomorphic controls.    

 

8.2.1. Geomorphic Response across Multiple Scales 

 

Defining the scales of relevance is a key part of identifying the relationship between 

geomorphic concepts and the processes of geomorphic adjustment they describe (Brierley et 

al., 2006; Warke and McKinley, 2011b). The characterization of geomorphic response in the 

Lockyer Valley was conducted across multiple reaches and subcatchments, thereby 

establishing a catchment-scale context with which to evaluate individual channel reaches (see 
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Chapter 6 for specific discussion regarding the utility of catchment-scale perspectives). This 

perspective is necessary given that the geomorphic processes that determine the nature of 

river sensitivity and sediment connectivity are not isolated to specific channel reaches, but 

rather, they may operate at multiple scales throughout a catchment (Brunsden and Thornes, 

1979; Brunsden, 2001; Fryirs, 2013; Bracken et al., 2015; Fryirs, 2016). Inherent in this 

approach is the idea that larger-scaled processes can directly influence geomorphic behavior 

at smaller scales (e.g. catchment sediment disconnectivity causing reach-scale channel 

incision) (cf. Murray et al., 2014). This notion may seem obvious; however, the reductionist 

approach to process geomorphology has emphasized small-scale mechanisms as the drivers of 

larger-scale processes (Rhoads, 2006; Murray et al., 2014) (e.g. sediment particle transport 

yielding large and complex dune forms).  

A continual challenge for reach-scale studies is the application of small-scale findings 

to broader spatiotemporal scales and different locations (Schumm, 1983; Baker and Twidale, 

1991; Sugden et al., 1997; Werner, 1999; Harrison, 2001). This thesis addresses this issue by 

using a catchment-scale conceptual framework and using our findings as a geomorphic 

context in which to couch reach-scale geomorphic responses in specific locations. For 

example, river sensitivity analyses (see Chapters 3 and 4) performed on trunk and tributary 

channels of the Lockyer Valley found that the transition from non-macrochannel 

morphologies to a macrochannel was a major control on the capacity for reach-scale, 

geomorphic channel adjustment. Macrochannels developed along the trunk stream and lower 

tributaries within wide floodplains containing thick, cohesive, fine-grained alluvial fill 

(Thompson et al., 2016a). Upstream, tributary channels become wider and shallower with 

coarser margin and substrate material. These channel reaches exhibited much more mobile 

channel thalwegs and margins with numerous adjustments to channel width. The transition 

from wide and shallow channels to a macrochannel morphology is associated with an overall 

reduction in the number of historical channel adjustments and a concentration of adjustments 
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that rearranged the geomorphic units contained within the macrochannel (bars, benches, inset 

channel margins). This change in channel morphology corresponds with a shift in reach-scale 

threshold conditions of adjustment, where thresholds of channel margin adjustment are higher 

in macrochannels given the more cohesive substrate material.  

 Similarly, research on catchment sediment connectivity (see Chapters 5 and 6) reveals 

the variability in the dichotomic relationship between sediment buffers (geomorphic features 

that impede sediment conveyance) and ECAs (effective catchment area, i.e. catchment 

portions that contribute unobstructed sediment to a trunk stream) in tributary catchments. The 

proportions of sediment buffers and ECAs within tributary basins has profound implications 

for reach-scale geomorphic response by controlling the nature of catchment sediment 

connectivity (Hooke, 2003; Czuba and Foufoula-Georgiou, 2015). The results presented in 

Chapter 5 demonstrate how tributary coarse sediment connectivity can drive patterns of, and 

interruptions in, downstream sediment fining (sedimentary links) along Lockyer Creek (Rice, 

1998, 1999). By controlling the availability and transference of sediment, tributary catchment 

connectivity plays a significant role in determining the distribution of sediment fractions in a 

particular trunk stream channel reach. In turn, this will strongly influence the potential 

geomorphic behavior of that reach (see Chapter 4 for definitions of channel adjustment and 

behavior) (Surian and Cisotto, 2007; Comiti et al., 2011). These results emphasize that 

analyses of river sensitivity and sediment connectivity are effective tools to unravel 

catchment-to-reach scale controls on the form and distribution of reach-scale channel 

responses.       

 Catchment-scale analyses of geomorphic response must now be a critical part of 

applying the concept of geomorphic effectiveness. Chapter 2 emphasizes that the future of the 

geomorphic effectiveness concept is dependent on using flexible (applicable across a variety 

of geomorphic environments) metrics to equally compare (metrics must have similar 

spatiotemporal scales) the effects of event(s) to the causes of those events. Using flexible and 
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comparable metrics ensures that geomorphic responses are evaluated more comprehensively, 

avoiding a focus on discrete, reach-scale geomorphic adjustments. Additionally, it allows the 

variability in geomorphic responses (variation in the effectiveness of events) over time to be 

more meaningfully related to the catchment-scale geomorphic factors that non-linearly 

influence the ‘cause-and-effect’ relationships that define geomorphic effectiveness, e.g. 

connectivity, sensitivity, recovery, and self-organization. Altogether, the results presented in 

this thesis (Chapter 3 – 6) emphasize the importance of characterizing large-scale, non-linear 

processes and demonstrate how understanding the spatial variability in the ability of channel 

reaches to respond necessitates evaluations of geomorphic processes that operate at the 

catchment-scale.  

 

8.2.2. The Influence of Physiographic Region     

 

The influence of physiographic region on geomorphic response is represented by the 

external, imposed boundary conditions of the catchment, e.g. basin lithology, geologic 

structure, and climate (Tinkler, 1971; Baker, 1977; Brierley and Fryirs, 2016). For the 

Lockyer Valley, the factors of climate and basin shape play a large role in determining how 

processes of river sensitivity and sediment connectivity interact to influence geomorphic 

response. The subtropical climate of southeastern Queensland (SEQ) generates a spasmodic 

and intense pattern of rainfall resulting in periodic and severe flooding. This produces a flashy 

hydrological regime for Lockyer Creek that has driven the evolution of the macrochannel 

(Thompson et al., 2016a). The impact of these climatic factors is two-fold: 1) the presence of 

the macrochannel has consequently established a suite of geomorphic adjustment thresholds 

that are fundamentally different to other (tributary) channel locations (see Chapters 3 and 4); 

and 2) the flashy hydrological regime of Lockyer Creek means that within-macrochannel 

flows play a dominant role in the longitudinal transfer of bed sediment and overbank floods 
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lead to sediment deposition in floodplain sinks, effectively decreasing end-of-catchment- 

sediment yields. Croke et al. (2013a) and Thompson et al. (2016b) found that the distribution 

of overbank flood waters exerts a strong influence over lateral and longitudinal hydrological 

and sedimentological connectivity. Sediment connectivity analyses presented in Chapter 5 

indicate that overbank floods can also influence patterns of downstream sediment fining. The 

shape and location of the tributary catchments in the Lockyer Valley also influences the 

nature of coarse sediment connectivity by broadly determining the accommodation space for 

alluvial sediment storage. Tributary catchments located downstream in the Lockyer Valley 

contain proportionally more buffered areas, primarily in the form of floodplains. A similar 

effect is seen for tributaries that widen downstream. In both cases, the available areas for 

sediment production and transference (ECAs) are limited by the extent of sediment buffers 

(see Chapters 5 and 6). These factors characterize geomorphic response in the Lockyer Valley 

as being particularly influenced by antecedent conditions, in the form of valley morphology 

(confinement vs. accommodation space) and the evolution of a macrochannel (see Chapter 3).  

An advantage of undertaking catchment-scale characterizations of river sensitivity is 

the identification of singularities that can impact future channel response. For example, the 

presence or absence of a macrochannel form has been found to have a strong influence over 

reach-scale sensitivity to geomorphic adjustment. In the lower Lockyer Valley, where the 

macrochannel is well established, numerous bedrock exposures occur along the channel bank 

and abut the outside of meander bends (Thompson et al., 2016a). These isolated bedrock 

spurs can act as geomorphic singularities (Schumm, 1983, 1985, 1988) by impacting not only 

the channel’s resilience to adjustment, by imposing higher thresholds of erosion, but also the 

evolution of the macrochannel at the reach scale over time. Although the resilience of the 

macrochannel can be identified, the timing and extent of specific morphological adjustments 

will be influenced by this localized feature (Schumm, 1988).  
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Connectivity analysis has demonstrated how weirs in the Lockyer Valley can control 

the downstream pattern of sediment fining (sedimentary links) along Lockyer Creek. These 

weirs can also act as anthropogenic singularities by locally influencing the ability of channels 

to respond. The preferential retention of coarse bed sediment by weirs (Thoms and Walker, 

1993; Rinaldi, 2003) can have repercussive effects on geomorphic adjustment through 

backwater effects and local channel margin armouring. Therefore, the installation of weirs 

serves to interrupt the suite of geomorphic processes operating within a particular reach 

(Montgomery, 1999; Phillips, 2007). Importantly, weirs are temporary manifestations (over 

geomorphic time scales) of an externally-imposed singularity. Both weir installation or 

removal may induce a suite of geomorphic responses by changing local base-level, similar to 

local tectonic impacts on channel beds (e.g. Cook et al., 2013).    

 

8.2.3. Characterizing Internal System Dynamics 

  

The multi-scalar interactions of geomorphic factors internal to earth surface systems 

have traditionally been described as complex (Schumm, 1973, 1979), resulting in the 

unpredictability or apparent chaos of geomorphic system response (Phillips, 1999, 2003, 

2006). Geomorphic sensitivity and sediment connectivity are a key part of the internal 

dynamics of catchments. Although this thesis utilized individual sensitivity and connectivity 

approaches to address questions of geomorphic response, this does not imply that these 

concepts operate independently of one another (cf. Fuller et al., 2003). Together, they 

represent the integration of flow regime, sediment availability, vegetation, and anthropogenic 

impacts as controls on how readily a river channel can adjust and the forms and extent of 

adjustments possible. Sensitivity and connectivity may be conceptually distinct, but they are 

certainly geomorphologically interrelated. It should be expected that spatiotemporal 
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adjustments in either river sensitivity or sediment connectivity can denote a corresponding 

change in the other (Fryirs, 2016).  

The interplay between geomorphic sensitivity and sediment connectivity, across a 

variety of spatiotemporal scales, is facilitated by the presence and variability of threshold 

conditions of geomorphic adjustment and sediment transport (Figure 3). At the broadest scale, 

both the sensitivity of and connectivity between landforms will interact to control how system 

components (e.g. valley floors, entire channels) behave over long periods of time, through 

their responses to sequences of disturbance events. The sensitivity of individual landforms to 

adjustment is determined by their proximity to threshold conditions (Schumm, 1973, 1979; 

Downs and Gregory, 1995) (Figure 3A-left). At large scales, threshold conditions describe the 

connectivity between sediment sources and sinks or the ease of morphological adjustment of 

large landforms (Figure 3A-center). For example, over thousands of years in the Lockyer 

Valley, Lockyer Creek has experienced several large and persistent avulsions (Daley et al., 

2017; Croke et al., under review). These adjustments could be responses to changing 

floodplain and channel aggradation rates, which are linked to the sediment connectivity of the 

catchment (The Big Flood Project Team, 2016) (Figure 3A-right). The sensitivity of the 

channel to avulsion increases as the channel aggrades faster than the floodplain and the 

backslope between the channel levees and floodplain increases (Jones and Schumm, 1999; 

Slingerland and Smith, 2004). Post adjustment, the system is resilient to further avulsion until 

the channel and levees re-aggrade. A future avulsion is possible along Lockyer Creek where 

the channel levees are currently ~ 5 m higher than the floodplain (Chapter 7) (Croke et al., 

2013b; Thompson et al., 2014; The Big Flood Project Team, 2016). 
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Figure 3. Spatial relationships and interactions between geomorphic thresholds, sensitivity 

and sediment connectivity. A) Catchment-scale thresholds after Schumm (1973). Left – valley 

evolution where successive flood events move the system closer to a geomorphic threshold of 

instability (b), where a large storm event breaches a critical threshold (a). Center –sensitivity 

and connectivity interact at the broadest scale through thresholds of connectivity between 

sediment sources and sinks and landform sensitivity to large-scale modification. Right – 

example depiction of historical channel/floodplain aggradation in the lower Lockyer Valley 

leading to channel avulsions over time, conceptualized from work by Croke et al. (2016b) and 

Croke et al. (under review), also available at www.thebigflood.com.au. B) Landscape-

compartment scale thresholds after Beven (1981) incorporating concepts from Newson 

(1980). Left – sensitivity and connectivity conditions in a geomorphic environment will 

influence threshold adjustment between sequences of flood events. Center –sensitivity and 

connectivity interact at the reach- to multi-reach scale, where adjustments in one reach have 

immediate impacts downstream. Right – example depiction of threshold adjustments in 

different geomorphic environments between events over a 48 year flood history of Lockyer 

Creek, based on data from Chapters 4 and 5. C) Reach-scale thresholds after Costa and 

O'Connor (1995). Left – scenario depicting time and energy available for short duration/high 

intensity floods (curve c), high intensity/long duration floods (curve b), and low intensity/long 

duration floods (curve a), and their respective abilities to breach small-scale erosion 

thresholds. Erosion thresholds approximated from Miller (1990) and Magilligan (1992). 

Center – sensitivity and connectivity interact within reaches where local sensitivity will 

influence both adjustment and sediment transport potential. Right – stream power, total 

energy, and duration above threshold conditions for the 2011 flood event in the Lockyer 

Valley, modified from Croke et al. (in prep); Inset – threshold conditions of bank failures in 

the lower Lockyer during the falling limb of the hydrograph.  

http://www.thebigflood.com.au/
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When a disturbance event breaches a threshold, the nature of sensitivity and 

connectivity between landforms or channel reaches can adjust, establishing new threshold 

conditions which alters the ability of the landscape to respond to future events (Figure 3B-

left) (Beven, 1981) (Chapter 2). Here, thresholds describe critical states of individual 

landform adjustment and of sediment connectivity between landscape compartments, which 

lie between the sediment source and sink environments (e.g. hillslopes, channel banks) 

(Figure 3B-center). Over the past 48 years in the Lockyer Valley, a sequence of flood events 

has instigated adjustments to catchment hillslopes (Thompson and Croke, 2013; Cohen, 

unpublished dataset; Thompson, unpublished dataset) and channel margins (Chapters 3 and 4) 

with variable severity (Figure 3B-right). Thresholds of hillslope failure and macrochannel 

bank erosion/failure are high; although, the largest events (1974 and 2011) were able to 

breach them. Breaching these thresholds, however, increases the resilience of the landform to 

further failures (Crozier and Glade, 1999; Thompson et al., 2016a). In more sensitive channel 

environments, smaller events can trigger adjustments; however, their number and severity 

will depend in part on the sequencing and adjustment to previous events (Newson, 1980). 

Importantly, anthropogenic interventions in the channel environment can lower future 

thresholds of adjustment, particularly when the interventions reduce the stability of the 

channel margins. For example, the mid-upper portion of Blackfellows Creek is proximally 

located to ECAs of this tributary catchment (Chapter 6). The potential availability of abundant 

sediment will likely influence the behavior of this channel reach, particularly, the propensity 

of this channel to reach an avulsion threshold through bed aggradation (Chapters 4 and 7). 

Here, the reworking of aggrading bed sediment can create local imbalances between the 

channel bed slope and bed load (Lane, 1955). This imbalance can generate variations in 

stream competence and power which can cause in-channel or even complete channel 

avulsions (Jones and Schumm, 1999; Törnqvist and Bridge, 2002; Slingerland and Smith, 

2004; Jerolmack and Mohrig, 2007; Phillips, 2011) like those that occurred in 2013. These 
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avulsions are natural and expected adjustments occurring for this type of river operating 

within the catchment boundary conditions. Overall, the 2013 flood was a lower magnitude 

event than the 2011 flood, however, it induced more severe avulsions in this portion of 

Blackfellows Creek. The 2011 event may have primed this channel reach for avulsion by 

aggrading the channel bed. Additionally, this channel reach was subjected to vegetation 

clearing and bed grading by bulldozers (Chapter 7). The degree to which this activity 

increased the erodability of the channel margins and the stream power of in-channel flows 

must be considered a partial contributing factor to the 2013 channel avulsions. 

Over the course of a single disturbance event, the thresholds of adjustment and 

sediment transference established through physiographic and antecedent conditions of 

sensitivity and connectivity will govern how effective that event can be in terms of sediment 

flux and landform modification (Figure 3C-left). For a single event, cumulative impacts 

across a variety of geomorphic environments will demonstrate how effective the event was. 

At the reach scale, the coupling between hillslopes and channel reaches is a key control on 

sediment availability. During a flood event, the expenditure of energy within individual 

reaches will control how available sediment is entrained, transported, and re-deposited 

(Figure 3C-center). The 2011 flood in the Lockyer Valley breached different erosional 

thresholds in different locations at different times (Figure 3C-right). Significant alluvial 

adjustment occurred in the upper part of the catchment, from Helidon to Spring Bluff, where 

energy expenditure was highest. The upper-most portion of the Lockyer Valley is largely 

bedrock controlled, so erosional thresholds were much higher in many channel reaches 

(Sargood et al., 2015). Here, the constriction of flood water in contraction zones produced 

higher stream powers that could breach bedrock erosion thresholds. The duration of the flood 

was longer in Gatton, but the energy expenditure was considerably lower as floodwaters could 

spread out across the lower Lockyer expansion zone. Numerous wet bank mass failures 

(WBMFs) occurred in the lower Lockyer, where the macrochannel form of Lockyer Creek 
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has been modelled to evolve in part by WBMF processes (Thompson et al., 2016a). These 

WBMFs are not an initial response to flood events, but rather they occur when the storm 

conditions and flood waters begin to subside during the falling stage of the hydrograph 

(Grove et al., 2013) (Figure 3C-right, inset). Here, piping or sapping erosion through the 

exfiltration of water from supersaturated banks with elevated water tables causes bank 

material to slump into the channel (Hagerty, 1991; Grove et al., 2013; Thompson et al., 2013). 

These bank failures make fine-grained sediment available for transport in a channel location 

that otherwise is highly disconnected from upstream sediment sources (see Chapter 5). 

However, these failures occur within the channel bank so that overall macrochannel width is 

largely unchanged (Thompson et al., 2016a) (see Chapter 3). The entrained bank sediment is 

now available to facilitate further geomorphic response through the formation of new 

depositional geomorphic units downstream or on the floodplain (see Chapter 3). The 

resilience of the macrochannel is maintained by the preferential deposition of sediment in 

bank failure scars by subsequent floods, i.e. geomorphic recovery (Thompson et al., 2013; 

Thompson et al., 2016a).  

These conceptual and actual examples illustrate how characterizing the nature and 

interplay of geomorphic sensitivity and sediment connectivity across an entire catchment is 

critical for contextualizing individual thresholds of channel adjustment and sediment 

transference. This context is necessary to describe what the breaching (or not) of thresholds 

implies in terms of potential geomorphic system behavior across multiple disturbance events 

and in different geomorphic environments.  

 

8.3. Assessing Geomorphic Effectiveness  

 

The broadest application of the research presented in this thesis is to constrain 

determinations of geomorphic effectiveness. The geomorphic effectiveness concept is the 
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primary geomorphic tool used to assess the significance of geomorphic responses across 

entire catchments for a single event or for long-term landscape evolution (Wolman and 

Miller, 1960; Wolman and Gerson, 1978). Therefore, assessments of geomorphic 

effectiveness are de facto assessments of how environmental and self-organized controls, 

including river sensitivity and sediment connectivity, interact to influence geomorphic 

response at different scales (cf. Beven, 1981; Jacobson et al., 1989; Emmett and Wolman, 

2001; Eaton et al., 2003; Heritage et al., 2004). The ‘effectiveness’ concept serves to integrate 

these influences and describe how much work (sediment flux plus landscape modification) the 

resultant responses contributed to the denudation, evolution, efficiency, or metamorphosis of 

the landscape (Wolman and Miller, 1960; Schumm, 1969, 1971; Wolman and Gerson, 1978; 

Huang et al., 2004; Nanson and Huang, 2008). Catchments are in a perpetual state of response 

(Phillips, 2009a), and over time, these responses drive the catchment along a trajectory of 

evolution (Dollar, 2002; Brierley and Fryirs, 2016) (Figure 4A). Disturbance events that 

instigate ‘driving’ responses across multiple spatial scales (Figure 4B) are the most effective 

events, whether those responses contribute to the ongoing adjustment of a system, for 

example, denudation by moderate events over time (Wolman and Miller, 1960), or the 

metamorphosis of the system to a new, or more efficient, state (Schumm, 1969, 1971; 

Erskine, 1986; Jansen and Nanson, 2004; Phillips, 2010b) (Figure 4C).  
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Figure 4. Geomorphic 
effectiveness conceptualized at 
multiple scales. A) 
Geomorphologically effective 
events facilitate catchment 
evolution along trajectories. 
These trajectories can be 
represented in 3-dimensional 
space, where the axes can 
represent forms of geomorphic 
adjustment. Motion of the 
system through this 3-D space is 
facilitated by geomorphic 
responses. B) Trajectories of 
system evolution operate at 
different scales, where the 
evolution at one scale can 
influence the trajectory of other 
larger or smaller scales. C) Over 
time, effective events evolve the 
geomorphic system to more 
denudated states through 
geomorphic responses that 
produce more efficient landscape 
configurations and lower the 
potential energy for adjustment 
in the system. 
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Climate represents a very influential external control over the response and evolution 

of the Lockyer Valley. In SEQ, geomorphic river responses to anthropogenic impacts have 

been relatively minor (Kemp et al., 2015). This sets the region apart from catchments in 

southeast Australia that have continued to respond and recover from landuse changes 

instigated by European colonization (Rutherfurd, 2000), for example, the Bega catchment 

(Brooks and Brierley, 1997; Fryirs and Brierley, 1998; Fryirs and Brierley, 1999), the 

Wollombi catchment (Erskine and Melville, 2008; Fryirs et al., 2012), the Hunter Valley 

(Hoyle et al., 2008; Fryirs et al., 2009), the Southern Tablelands (Eyles, 1977; Page et al., 

2007), the Nepean River (Hubble and Rutherfurd, 2010), the Yarra River (Leahy et al., 2005), 

the Glenelg River (Erskine, 1994), and the Latrobe River (Reinfelds et al., 1995). The 

subtropical climate of the Lockyer Valley produces intense rainfall events punctuated by 

extended dry periods (Rustomji et al., 2009; Taschetto and England, 2009; Cai and van 

Rensch, 2012). Future climate change models predict this flood and drought pattern will 

continue and become more exaggerated in the future (Hennessy et al., 2008; Alexander and 

Arblaster, 2009; Reisinger et al., 2014). This climatic control has generated a geomorphic 

system where large events drive the morphological evolution of channels (Thompson et al., 

2016a), and ‘moderate’ events (e.g. the 1-2 year flow) are actually low magnitude and 

geomorphically insignificant (Chapter 3). Over the past 2000 years, major floods have been 

clustered into periods of high flood activity (Figure 3A-right) (Croke et al., 2016b; The Big 

Flood Project Team, 2016). In the 20th Century, these floods have been punctuated by severe 

droughts. For example, the ‘Millennial Drought’ (2001-2009) was the worst drought on 

record (van Dijk et al., 2013), and it was punctuated in 2011 by the most intense rainfall event 

on record in SEQ (Cai and van Rensch, 2012). This drought-flood sequencing creates a 

pattern where the first, punctuating rainfall event encounters very dry antecedent conditions 

and can interact with thresholds of adjustment and sediment transport that have not been 

recently breached. The initial flood may readily breach these thresholds or set up successive 
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floods for more extensive responses. The 2011 flood event triggered numerous landslides 

(Thompson and Croke, 2013; Cohen, unpublished dataset; Thompson, unpublished dataset), 

extensively stripped bedrock reaches of alluvium and vegetation (Sargood et al., 2015), 

deposited thick sand sheets on the lower floodplains (Croke et al., 2013b) (Chapter 3), and 

generated numerous WBMFs (Grove et al., 2013; Thompson et al., 2013). Subsequently, the 

2013 flood infilled some WBMFs along Lockyer Creek (Thompson et al., 2016a), while 

triggering more numerous adjustments, including large avulsions, in Blackfellows and 

Laidley Creek (Ivezich and Hardie, 2014) (Chapter 4). The pattern of severe flood-drought 

sequencing and the variability of sensitivity and connectivity controls make traditional 

magnitude-frequency analyses inadequate for determining which events will be 

geomorphically effective in the Lockyer Valley (Crozier, 1999; Richards, 1999). The 

‘uniqueness’ of the Lockyer Valley must be understood before any characterizations of 

geomorphic effectiveness can be made (Brunsden, 1993). The analyses of river sensitivity and 

sediment connectivity presented in this thesis ultimately characterizes the individualistic 

nature of some internal system dynamics. When combined with characterizations of the roles 

of external (climatic) influences, a more representative model of geomorphic effectiveness for 

the Lockyer Valley can be developed.  

Large events play a more significant role in the Lockyer Valley. However, like the 

moderate events discussed by Wolman and Miller (1960), large events should not be assumed 

to always be effective (Chapter 2). The first step in analyzing the significance of flood events 

should be to determine if the geomorphic responses are part of the system’s expected behavior 

or if they are anomalous (Brierley and Fryirs, 2005) (Chapter 4). Lockyer Creek is largely 

resilient; however, tributary reaches are more sensitive to adjustment. Tributary reaches 

should be expected to respond with numerous adjustments to the channel bed and banks; 

however, channel recovery from these adjustments is easier given the more proximal location 

of ECAs. Similarly, the numerous WBMFs that occur in the lower Lockyer instigate 
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deposition and recovery by subsequent events (Grove et al., 2013; Thompson et al., 2013; 

Thompson et al., 2016a). Given the limited extent of sensitive geomorphic environments in 

the Lockyer Valley, events that respond ‘as expected’ will not appear to be 

geomorphologically effective as responses may be localized or recovery may occur quickly. 

Conversely, events that produce an anomalous response, such as a macrochannel avulsion, 

would appear more effective because this form of adjustment is more persistent and may shift 

the behavior of the river to a new state (Brierley and Fryirs, 2005).   

Despite the higher level of geomorphic activity in sensitive locations, the bed 

sediment mobilized during these responses is not transported out of the catchment (Thompson 

et al., 2016b). The lower Lockyer tributaries become highly disconnected downstream and the 

largest tributaries contain numerous weirs. The coarse sediment transported by the well-

connected upper Lockyer tributaries is blocked by weirs in the lower two-thirds of Lockyer 

Creek (Chapter 6). Even the 2011 flood event was net depositional in the Lockyer Valley 

(Croke et al., 2013b; Thompson et al., 2016b) and may have been more significant in terms of 

suspended sediment transport out of the catchment (Olley et al., 2006; Olley et al., 2013). 

Therefore, large events serve to redistribute coarse sediment within the catchment, ‘filling in’ 

the sediment sink of the lower Lockyer Valley, thereby contributing to the overall denudation 

and reduction of potential energy of the Lockyer Valley. 

Determining geomorphic effectiveness requires the earth scientist to know their 

catchment (Brierley et al., 2013). The Lockyer Valley is ‘badass’ (Phillips, 2015), displaying 

a unique and individualistic pattern of external and internal controls and corresponding 

geomorphic processes that combine to form a ‘perfect’ landscape (Phillips, 2007). The 

resilient and disconnected nature of the Lockyer Valley does not mean that disturbance events 

cannot be effective. It simply sets a different standard of effectiveness. For example, the 

extensive benches present in the lower Lockyer are a form of internal organization that stores 

sediment within compound channels (Erskine and Livingstone, 1999; Croke et al., 2014). 
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These benches are less transient sediment storage features than sediment bars and are 

therefore more resilient to adjustment, which is partly reflected in the resilience of the lower 

Lockyer. Importantly, determinations of geomorphic effectiveness in this macrochannel 

environment must acknowledge that, despite their resilience, benches are the primary means 

by which channel width can adjust. Catchments like the Lockyer Valley are adjusted to larger 

events, and although these events may not evacuate sediment out of the catchment, they do 

serve to move the catchment along its trajectory of evolution via expected river behavior 

(Brierley and Fryirs, 2005; Wohl, 2011)  (Figure 3A).  

Resilient and disconnected catchments present an interesting issue within the 

geomorphic effectiveness concept. Are effective events those that move the system along the 

trajectory, however undramatically, or are they those that change the trajectory via anomalous 

responses, i.e. river metamorphosis (Schumm, 1969) or channel change (Brierley and Fryirs, 

2005) (Figure 1A)? The 2011 flood event was exceptionally severe; however, the catchment 

behaved as expected and sediment was predominantly retained. Was the 2011 flood 

geomorphologically effective? In terms of individual, observable geomorphic response 

(adjustments and sediment transport), the answer could be yes or no, depending on your 

perspective. Over the short term, the 2011 event did not appear to be geomorphologically 

effective, as the overall magnitude of the responses were less than that of the flood (Chapter 

3). However, this should be expected in a resilient, disconnected catchment. Over the long 

term, the 2011 event did contribute to the denudation and reduction in overall potential energy 

of the catchment (Figure 4C) (Wolman and Miller, 1960; Caine, 1976; Croke et al., 2013b), 

regardless of the morphological recovery of individual landform modifications (Wolman and 

Gerson, 1978). Additionally, it is unknown how the 2011 event has set the system up for a 

future macrochannel avulsion (Thompson et al., 2014) (Figure 3A-right). Despite the discrete 

occurrence of disturbance events, geomorphic effectiveness cannot be determined discretely 

(Chapter 2). This thesis submits that the 2011 event was geomorphologically effective and 
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likely instigated geomorphic responses that have yet to manifest themselves in an observable 

manner. The impact of these effects may become amplified or filtered depending on whether 

they are ‘in phase’ or ‘out of phase’ with antecedent feedbacks and subsequent responses 

(Phillips, 2010a).  

 

8.4. Implications for Management and Future Research 

 

Perhaps more important than the geomorphic responses are the management activities 

and initiatives enacted after 2011. For example, the research undertaken during this thesis 

work is a form of anthropogenic response to the 2011 flood. Considering the other research 

stages involved with this project and the government-level revision and expansion of 

management policy (The Big Flood Project Team, 2016), the 2011 event may become one of 

the most effective floods in SEQ in terms of government-level and research community 

response. Anthropogenic and geomorphic responses contemporaneously shape fluvial 

environments (Wohl, 2013). The way in which waterways are managed, regulated, and 

exploited can modulate the geomorphic response to, and effectiveness of, flood events (cf. 

Fuller et al., 2011). As scientific and management interests progressively intersect (Wohl et 

al., 2015), it is critical that the utility of geomorphic concepts is not constrained to scientific 

pursuits. River sensitivity and sediment connectivity can be used as conceptual tools by 

managers to identify and organize catchment management goals and to tailor site-specific 

management strategies to minimize the effect of flood events on infrastructure and the 

community (Bracken et al., 2013; Brierley et al., 2013; Fuller et al., 2014; Brierley and Fryirs, 

2016). This type of work is just beginning in the Lockyer Valley (Chapter 7) (Croke et al., 

2014; Thompson et al., 2014; Croke et al., 2016a; Croke et al., 2017). More research is 

needed to identify the reach-specific thresholds of erosion, sediment availability, and 

sediment transport that constrain individual channel adjustments (e.g. Grove et al., 2013). 
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Additionally, more sophisticated sediment connectivity modelling will aid in understanding 

reach to reach changes in sediment transference. With additional research continuing in the 

Lockyer Valley and similar SEQ catchments, the findings of the research presented in this 

thesis can provide the contextual geomorphic understanding necessary to frame reach-scale 

geomorphic studies and establish catchment-scale management strategies. As our 

understanding of geomorphic response in the Lockyer Valley improves, future research can 

strive to incorporate the influences of biological and/or anthropogenic processes with 

concepts of river sensitivity, sediment connectivity, thresholds, recovery, and self-

organization into more integrated, geo-ecosystem frameworks (Doyle et al., 2000; Doyle et 

al., 2005; Dollar et al., 2007; Phillips, 2009b). 
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APPENDIX 1. Supporting information for Chapter 3 – Geomorphic adjustments along 
Murphys-Lockyer Creek. 
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Erosion 15464 geometric widening bank 1997-2011 MCR 17411 247 1.42    
Erosion 26718 geometric widening bank 1997-2011 ULR 8799 538 6.11    
Erosion 26717 geometric incision bed 1997-2011 ULR 8799 320 3.64    
Erosion 26625 geometric extension bend 1997-2011 ULR 8799 146 1.65    
Erosion 29864 geometric bank failure slumped bank 1997-2011 ULR 8799 149 1.70    
Erosion 30416 geometric extension bend 1997-2011 ULR 8799 211 2.40    
Erosion 30200 geometric incision bed 1997-2011 ULR 8799 130 1.48    
Erosion 25628 geometric incision bed 1997-2011 ULR 8799 57 0.65    
Erosion 33601 assemblage chute chute channel 1997-2011 LSR  2863 460 16.08    
Erosion 38588 geometric incision bed 1997-2011 PRR 6491 76 1.18    
Erosion 40379 geometric widening bank 1997-2011 PRR 6491 275 4.23    
Erosion 53744 geometric bank failure slumped bank 1997-2011 GRR 20264 171 0.85    
Erosion 56359 geometric bank failure slumped bank 1997-2011 GRR 20264 332 1.64    
Erosion 69777 geometric bank failure slumped bank 1997-2011 GAR 4057 1077 26.53    
Erosion 72666 assemblage chute chute channel 1997-2011 GAR 4057 185 4.55    
Erosion 32895 assemblage scour scour pool 1997-2011 LSR  2863 64 2.25    
Erosion 64999 assemblage scour scour pool 1997-2011 GRR 20264 122 0.60    
Erosion 84540 geometric widening bank 1997-2011 LLR 68876 1114 1.62    
Erosion 62281 assemblage chute chute channel 1997-2011 GRR 20264 91 0.45    
Erosion 30654 assemblage chute chute channel 1997-2011 ULR 8799 90 1.02    
Erosion 74573 assemblage removal point bar 1997-2011 GAR 4057 228 5.62    
Erosion 71668 geometric bank failure slumped bank 1997-2011 GAR 4057 429 10.58    
Erosion 82650 geometric bank failure slumped bank 1997-2011 LLR 68876 157 0.23    
Erosion 47392 geometric removal bench/ledge 1997-2011 HTR 4455 76 1.71    
Erosion 92560 assemblage removal bench/ledge 1997-2011 LLR 68876 59 0.09    
Erosion 96309 assemblage chute chute channel 1997-2011 LLR 68876 68 0.10    
Erosion 97229 assemblage chute chute channel 1997-2011 LLR 68876 250 0.36    
Erosion 149960 assemblage removal lateral bar 1997-2011 LLR 68876 124 0.18    
Erosion 48549 geometric widening banks 1997-2011 FSR  534 534 100.00    
Erosion 88572 assemblage chute chute channel 1997-2011 LLR 68876 90 0.13    
Erosion 67130 assemblage chute chute channel 1997-2011 GRR 20264 666 3.29    
Erosion 51310 geometric bank failure slumped bank 1997-2011 GRR 20264 84 0.42    
Erosion 53321 geometric bank failure slumped bank 1997-2011 GRR 20264 55 0.27    
Erosion 54605 geometric bank failure slumped bank 1997-2011 GRR 20264 155 0.76    
Erosion 54971 geometric bank failure slumped bank 1997-2011 GRR 20264 55 0.27    
Erosion 55632 geometric bank failure slumped bank 1997-2011 GRR 20264 65 0.32    
Erosion 55767 geometric bank failure slumped bank 1997-2011 GRR 20264 53 0.26    
Erosion 58030 geometric bank failure slumped bank 1997-2011 GRR 20264 82 0.40    
Erosion 60197 geometric bank failure slumped bank 1997-2011 GRR 20264 99 0.49    
Erosion 60301 geometric bank failure slumped bank 1997-2011 GRR 20264 68 0.34    
Erosion 60422 geometric bank failure slumped bank 1997-2011 GRR 20264 106 0.52    
Erosion 60610 geometric bank failure slumped bank 1997-2011 GRR 20264 67 0.33    
Erosion 68779 geometric bank failure slumped bank 1997-2011 GRR 20264 21 0.10    
Erosion 75707 geometric bank failure slumped bank 1997-2011 LLR 68876 169 0.25    
Erosion 77179 geometric bank failure slumped bank 1997-2011 LLR 68876 32 0.05    
Erosion 77557 geometric bank failure slumped bank 1997-2011 LLR 68876 16 0.02    
Erosion 78031 geometric bank failure slumped bank 1997-2011 LLR 68876 64 0.09    
Erosion 82520 geometric bank failure slumped bank 1997-2011 LLR 68876 82 0.12    
Erosion 83081 geometric bank failure slumped bank 1997-2011 LLR 68876 116 0.17    
Erosion 83815 geometric scour scour pool 1997-2011 LLR 68876 166 0.24    
Erosion 84092 geometric bank failure slumped bank 1997-2011 LLR 68876 77 0.11    
Erosion 84250 geometric bank failure slumped bank 1997-2011 LLR 68876 43 0.06    
Erosion 86620 geometric bank failure slumped bank 1997-2011 LLR 68876 62 0.09    
Erosion 47131 geometric bank failure slumped bank 1997-2011 HTR 4455 69 1.55    
Erosion 41776 geometric bank failure slumped bank 1997-2011 PRR 6491 96 1.47    
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Erosion 31189 geometric bank failure slumped bank 1997-2011 LSR  2863 32 1.13    
Erosion 20369 geometric bank failure slumped bank 1997-2011 MCR 17411 27 0.15    
Erosion 140504 geometric bank failure slumped bank 1997-2011 LLR 68876 153 0.22    
Erosion 135709 geometric bank failure slumped bank 1997-2011 LLR 68876 23 0.03    
Erosion 129568 geometric bank failure slumped bank 1997-2011 LLR 68876 34 0.05    
Erosion 127528 geometric bank failure slumped bank 1997-2011 LLR 68876 39 0.06    
Erosion 126584 geometric bank failure slumped bank 1997-2011 LLR 68876 37 0.05    
Erosion 125214 geometric bank failure slumped bank 1997-2011 LLR 68876 34 0.05    
Erosion 117385 geometric bank failure slumped bank 1997-2011 LLR 68876 29 0.04    
Erosion 107407 geometric bank failure slumped bank 1997-2011 LLR 68876 33 0.05    
Erosion 106144 geometric bank failure slumped bank 1997-2011 LLR 68876 71 0.10    
Erosion 92202 geometric bank failure slumped bank 1997-2011 LLR 68876 438 0.64    
Erosion 90920 geometric bank failure slumped bank 1997-2011 LLR 68876 69 0.10    
Erosion 90145 geometric bank failure slumped bank 1997-2011 LLR 68876 138 0.20    
Erosion 11543 geometric widening bank 1997-2011 MCR 17411 204 1.17    
Erosion 11841 assemblage chute chute channel 1997-2011 MCR 17411 36 0.21    
Erosion 12357 geometric widening bank 1997-2011 MCR 17411 153 0.88    
Erosion 12744 geometric removal bench/ledge 1997-2011 MCR 17411 160 0.92    
Erosion 13902 geometric extension bend 1997-2011 MCR 17411 30 0.17    
Erosion 13917 geometric chute chute channel 1997-2011 MCR 17411 50 0.29    
Erosion 20172 geometric widening bank 1997-2011 MCR 17411 71 0.41    
Erosion 21232 geometric bank failure bank 1997-2011 MCR 17411 38 0.22    
Erosion 3023 geometric widening bank 1997-2011 MCR 17411 162 0.93    
Erosion 3775 geometric widening bank 1997-2011 MCR 17411 390 2.24    
Erosion 4284 geometric widening bank 1997-2011 MCR 17411 88 0.51    
Erosion 4646 geometric widening bank 1997-2011 MCR 17411 170 0.98    
Erosion 5142 geometric widening bank 1997-2011 MCR 17411 246 1.41    
Erosion 5151 assemblage chute chute channel 1997-2011 MCR 17411 160 0.92    
Erosion 6158 geometric widening bank 1997-2011 MCR 17411 1100 6.32    
Erosion 7422 geometric widening bank 1997-2011 MCR 17411 240 1.38    
Erosion 8577 assemblage scour scour pool 1997-2011 MCR 17411 21 0.12    
Erosion 8471 geometric widening bank 1997-2011 MCR 17411 778 4.47    
Erosion 9360 geometric widening bank 1997-2011 MCR 17411 275 1.58    
Erosion 31414 assemblage removal lateral bar 1997-2011 ULR 8799 36 0.41    
             
Deposition 26103 assemblage  accretion point bar 1997-2011 ULR 8799 134 1.53    
Deposition 26258 assemblage formation forced bars 1997-2011 ULR 8799 169 1.92    
Deposition 29695 assemblage formation lateral bar 1997-2011 ULR 8799 56 0.64    
Deposition 34690 assemblage formation diagonal bar 1997-2011 LSR  2863 111 3.87    
Deposition 33405 assemblage formation sand sheet 1997-2011 LSR  2863 2042 71.33    
Deposition 48918 assemblage formation lateral bar 1997-2011 GRR 20264 114 0.56    
Deposition 28871 assemblage formation longitudinal bar 1997-2011 ULR 8799 23 0.26    
Deposition 26366 assemblage formation sand sheet 1997-2011 ULR 8799 102 1.16    
Deposition 29813 assemblage formation diagonal bar 1997-2011 ULR 8799 60 0.68    
Deposition 29901 assemblage formation lateral bar 1997-2011 ULR 8799 107 1.22    
Deposition 102508 assemblage formation sand sheet 1997-2011 LLR 68876 276 0.40    
Deposition 48682 assemblage formation lateral bar 1997-2011 FSR  534 109 20.41    
Deposition 11537 assemblage formation sand sheet 1997-2011 MCR 17411 204 1.17    
Deposition 11827 assemblage formation sand sheet 1997-2011 MCR 17411 114 0.65    
Deposition 17315 assemblage formation sand sheet 1997-2011 MCR 17411 117 0.67    
Deposition 19323 assemblage formation forced bars 1997-2011 MCR 17411 16 0.09    
Deposition 19972 assemblage accretion point bar 1997-2011 MCR 17411 33 0.19    
Deposition 20461 assemblage formation sand sheet 1997-2011 MCR 17411 150 0.86    
Deposition 3775 assemblage formation sand sheet 1997-2011 MCR 17411 390 2.24    
Deposition 5140 assemblage formation sand sheet 1997-2011 MCR 17411 246 1.41    
Deposition 6158 assemblage formation sand sheet 1997-2011 MCR 17411 1100 6.32    
Deposition 7409 assemblage formation sand sheet 1997-2011 MCR 17411 240 1.38    
Deposition 8466 assemblage formation sand sheet 1997-2011 MCR 17411 778 4.47    
Deposition 9360 assemblage formation sand sheet 1997-2011 MCR 17411 275 1.58    
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FPSS  floodplain Overbank FP sand sheet 1997-2011 MCR 17411 176 1.01    
FPSS  floodplain Overbank FP sand sheet 1997-2011 MCR 17411 177 1.02    
FPSS  floodplain Overbank FP sand sheet 1997-2011 MCR 17411 120 0.69    
FPSS  floodplain Overbank FP sand sheet 1997-2011 MCR 17411 207 1.19    
FPSS  floodplain Overbank FP sand sheet 1997-2011 MCR 17411 446 2.56    
FPSS  floodplain Overbank FP sand sheet 1997-2011 MCR 17411 230 1.32    
FPSS  floodplain Overbank FP sand sheet 1997-2011 MCR 17411 123 0.71    
FPSS  floodplain Overbank FP sand sheet 1997-2011 MCR 17411 120 0.69    
FPSS  floodplain Overbank FP sand sheet 1997-2011 LSR  2863 2590 90.46    
FPSS  floodplain Overbank FP sand sheet 1997-2011 PRR 6491 290 4.47    
FPSS  floodplain Overbank FP sand sheet 1997-2011 PRR 6491 565 8.70    
FPSS  floodplain Overbank FP sand sheet 1997-2011 HTR 4455 2300 51.63    
FPSS  floodplain Overbank FP sand sheet 1997-2011 HTR 4455 376 8.44    
FPSS  floodplain Overbank FP sand sheet 1997-2011 GRR 20264 19200 94.75    
FPSS  floodplain Overbank FP sand sheet 1997-2011 LLR 68876 7000 10.16    
FPSS  floodplain Overbank FP sand sheet 1997-2011 MCR 17411 80 0.46    
FPSS  floodplain Overbank FP sand sheet 1997-2011 MCR 17411 80 0.46    
             
Erosion 50570 assemblage scour scour pool 1974-1997 GRR 20264 119 0.59    
Erosion 84866 geometric removal bench/ledge 1974-1997 LLR 68876 113 0.16    
Erosion 46199 assemblage removal diagonal bar 1974-1997 HTR 4455 108 2.43    
Erosion 18196 geometric removal bench 1974-1997 MCR 17411 130 0.75    
Erosion 149597 geometric widening bank 1974-1997 LLR 68876 290 0.42    
             
Deposition 82554 assemblage accretion bench/ledge 1974-1997 LLR 68876 84 0.12    
Deposition 150026 assemblage formation lateral bar 1974-1997 LLR 68876 243 0.35    
Deposition 55998 assemblage accretion bench 1974-1997 GRR 20264 916 4.52    
             

Reorganization 48040 assemblage GUA 
lateral bars to 
benches 1974-1997 HTR 4455 594 13.33    

Reorganization 48537 assemblage GUA 
lateral bars to 
benches 1974-1997 FSR  534 534 100.00    

Reorganization 49571 assemblage GUA 
lateral bars to 
benches 1974-1997 GRR 20264 1400 6.91    

Reorganization 69904 assemblage GUA 
lateral bars to 
benches 1974-1997 GRR 20264 554 2.73    

Reorganization 47392 assemblage GUA 
lateral bars to 
benches 1974-1997 HTR 4455 96 2.15    

Reorganization 46243 assemblage GUA 
lateral bars to 
benches 1974-1997 HTR 4455 474 10.65    

Reorganization 46207 assemblage ICR 
Inset channel 
shift 1974-1997 HTR 4455 404 9.07    

Reorganization 36069 assemblage GUA 
lateral bars to 
benches 1974-1997 PRR 6491 53 0.81    

             
Erosion 28784 assemblage chute chute channel 1971-1974 ULR 8799 291 3.31    
Erosion 92975 geometric bank failure slumped bank 1971-1974 LLR 68876 256 0.37    
Erosion 82554 geometric scour scour pool 1971-1974 LLR 68876 84 0.12    
Erosion 92196 geometric removal bench/Ledge 1971-1974 LLR 68876 139 0.20    
Erosion 139026 assemblage chute chute channel 1971-1974 LLR 68876 182 0.26    
Erosion 9488 geometric extension bend 1971-1974 MCR 17411 44 0.25    
Erosion 31412 assemblage chute chute channel 1971-1974 ULR 8799 36 0.41    
Erosion 46752 geometric removal bench 1971-1974 HTR 4455 170 3.82    
Erosion 46752 assemblage chute chute channel 1971-1974 HTR 4455 70 1.57    
Erosion 48462 geometric bank failure bank 1971-1974 FSR  534 85 15.92    
Erosion 49560 assemblage removal lateral bar 1971-1974 GRR 20264 716 3.53    
Erosion 49459 geometric widening bank 1971-1974 GRR 20264 300 1.48    
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Erosion 51082 assemblage removal longitudinal bar 1971-1974 GRR 20264 80 0.39    
Erosion 51292 geometric removal bench 1971-1974 GRR 20264 217 1.07    
Erosion 52086 geometric widening bank 1971-1974 GRR 20264 100 0.49    
Erosion 56607 geometric bank failure bank 1971-1974 GRR 20264 180 0.89    
Erosion 57459 geometric bank failure bank 1971-1974 GRR 20264 80 0.39    
Erosion 62093 geometric bank failure bank 1971-1974 GRR 20264 33 0.16    
Erosion 63967 geometric widening bank 1971-1974 GRR 20264 111 0.55    
Erosion 64787 geometric removal bench 1971-1974 GRR 20264 213 1.05    
Erosion 71851 geometric removal bench 1971-1974 GAR 4057 131 3.23    
Erosion 74648 geometric removal bench 1971-1974 GAR 4057 51 1.26    
Erosion 82901 geometric removal bench 1971-1974 LLR 68876 163 0.24    
Erosion 94827 assemblage scour bed 1971-1974 LLR 68876 73 0.11    
             
Deposition 26073 assemblage accretion point bar 1971-1974 ULR 8799 122 1.38    
Deposition 36103 assemblage formation lateral bar 1971-1974 PRR 6491 52 0.80    
Deposition 46199 assemblage formation diagonal bar 1971-1974 HTR 4455 108 2.43    
Deposition 69648 assemblage formation lateral bar 1971-1974 GRR 20264 86 0.43    
Deposition 30702 assemblage accretion lateral bar 1971-1974 ULR 8799 94 1.07    
Deposition 32105 assemblage formation sand sheet 1971-1974 ULR 8799 275 3.13    
Deposition 44452 assemblage accretion longitudinal bar 1971-1974 HTR 4455 30 0.67    
Deposition 48130 assemblage formation sand sheet 1971-1974 HTR 4455 240 5.39    
Deposition 50244 assemblage formation diagonal bar 1971-1974 GRR 20264 100 0.49    
Deposition 52403 assemblage formation lateral bar 1971-1974 GRR 20264 64 0.32    
Deposition 56199 assemblage formation longitudinal bar 1971-1974 GRR 20264 54 0.27    
Deposition 57191 assemblage formation point bar 1971-1974 GRR 20264 27 0.13    
Deposition 79987 assemblage formation lateral bar 1971-1974 LLR 68876 60 0.09    
             

Reorganization 54158 assemblage GUA 
lateral bars to 
benches 1971-1974 GRR 20264 2664 13.15    

Reorganization 42506 assemblage ICR 
Inset channel 
shift 1971-1974 PRR 6491 173 2.67    

Reorganization 71592 assemblage GUA 
lateral bars to 
benches 1971-1974 GAR 4057 421 10.38    

             
Erosion 10180 geometric extension bend 1951-1971 MCR 17411 94 0.54    
Erosion 11230 geometric extension bend 1951-1971 MCR 17411 110 0.63    
Erosion 44140 assemblage chute chute channel 1951-1971 HTR 4455 69 1.56    
Erosion 69812 assemblage chute chute channel 1951-1971 GRR 20264 218 1.08    
Erosion 101008 assemblage scour bed 1951-1971 LLR 68876 44 0.06    
             

Reorganization 61341 assemblage GUA 
lateral bars to 
benches 1951-1971 GRR 20264 234 1.15    

Reorganization 51137 assemblage GUA 
lateral bars to 
benches 1951-1971 GRR 20264 2005 9.89    

Reorganization 46207 assemblage ICR 
Inset channel 
shift 1951-1971 HTR 4455 404 9.07    

Reorganization 45291 assemblage ICR 
Inset channel 
shift 1951-1971 HTR 4455 311 6.97    

             
Erosion 149315 geometric bank failure slumped bank 1933-1951 LLR 68876 158 0.23    
Erosion 118672 geometric extension bend 1890-1951 LLR 68876 1025 1.49    
Erosion 6785 geometric extension bend 1933-1951 MCR 17411 47 0.27    
Erosion 78484 geometric removal bench/Ledge 1933-1951 LLR 68876 929 1.35    
Erosion 104947 geometric extension bend 1890-1951 LLR 68876 91 0.13    
Erosion 47200 geometric removal sand sheet 1933-1951 HTR 4455 191 4.30    
             



  APPENDIX 1 

225 
 

Form 

Distance 
Downstream 
(m)a Type Process Unit Year Range Reach R

ea
ch

 
Le

ng
th

 (m
) 

C
ha

nn
el

 
Le

ng
th

 (m
) 

R
ea

ch
 

P
ro

po
rti

on
 

   

Reorganization 84476 assemblage GUA 
benches to 
lateral bars 1933-1951 LLR 68876 412 0.60    

Reorganization 71587 assemblage GUA 
benches to 
lateral bars 1933-1951 GAR 4057 420 10.36    

Reorganization 71409 assemblage GUA 
bifurcation to 
single 1933-1951 GAR 4057 101 2.48    

Reorganization 109033 assemblage GUA 
benches to 
lateral bars 1933-1951 LLR 68876 520 0.76    

Reorganization 56915 assemblage GUA 
lateral bars to 
benches 1933-1951 GRR 20264 1725 8.51    

Reorganization 2882 assemblage GUA 
lateral bars to 
benches 1933-1951 MCR 17411 168 0.96    

             
Erosion 64481 geometric bank failure slumped bank 1890-1933 GRR 20264 187 0.92    
Erosion 6973 geometric extension bend 1890-1933 MCR 17411 80 0.46    
Erosion 74208 geometric bank failure slumped bank 1890-1933 GAR 4057 245 6.04    
Erosion 146565 geometric bank failure slumped bank 1890-1933 LLR 68876 568 0.82    
             

Reorganization 35867 assemblage GUA 
lateral bars to 
benches 1890-1933 PRR 6491 122 1.89    

Reorganization 43359 assemblage GUA 
lateral bars to 
benches 1890-1933 HTR 4455 144 3.22    

Reorganization 84123 assemblage GUA 
bifurcation to 
single 1890-1933 LLR 6491 445 6.86    

Reorganization 86476 assemblage GUA 
bifurcation to 
single 1890-1933 LLR 68876 288 0.42    

Reorganization 92507 assemblage GUA 
bifurcation to 
single 1890-1933 LLR 68876 341 0.49    

a Measured from the top of Murphys Creek 
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APPENDIX 2. Supporting information for Chapter 4. 
Original file available from: http://onlinelibrary.wiley.com/doi/10.1002/2015WR017747/full  
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Table S1. Date, location, and source of maps, photos, and imagerya 

a Note: Bf – Blackfellows, La – Laidley, and Bu – Buaraba. QSA – Queensland State 
Archives, DNRM – Queensland State Department of Natural Resources and Mines. Values in 
parenthesis correspond with one another. 

Year Coverage Catchment(s) Type Source 
1880s- 
1890s 

Partial 
(Complete) Bf, La, (Bu) Parish Maps QSA 

1933 Partial Bf, La Aerial Photos DNRM 
1944 Complete Bu Aerial Photos DNRM 
1951 Complete Bf, La, Bu Aerial Photos DNRM 
1971 Complete Bf, La, Bu Aerial Photos DNRM 
1974 Complete Bf, La, Aerial Photos DNRM 
1976 Complete Bf, La, Bu Aerial Photos DNRM 
1997 Complete 

(Partial) 
Bf, La, (Bu) Aerial Photos DNRM 

1997/ 
2001 

Complete Bu Aerial Photos DNRM 

2011 Complete Bf, La, Bu Satellite Imagery ESRI ArcGIS 
2013/ 
2014 Complete Bf, La, Bu 

Aerial 
Photos/Satellite 
Imagery 

DNRM/Google 
Earth 
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Table S3. Interquartile ranges of non-adjustment locations of each tributarya 

a Locations correspond to downstream distances presented in Figure 7, where upper – 
upstream-most box, middle – middle box, lower – downstream-most box.  
  

Tributary Location Variable 1st Quartile 3rd Quartile 
Buaraba upper 

~ 2-6 km 
downstream 

W:D  7 9 
ω (W m-2) 198 452 
A (%) 2 3 

lower 
~ 57-63 km 
downstream 

W:D 5 9 
ω (W m-2) 66 156 
A (%) 96 100 

Laidley upper 
~ 2-6 km 
downstream 

W:D  13 35 
ω (W m-2) 129 331 
A (%) 1 2 

middle 
~ 52-58 km 
downstream 

W:D 4 6 
ω (W m-2) 0 286 
A (%) 40 40 

lower 
~ 66-72 km 
downstream 

W:D  6 17 
ω (W m-2) 10 243 
A (%) 95 98 

Blackfellows upper 
~ 2-9 km 
downstream 

W:D  12 30 
ω (W m-2) 473 819 
A (%) 2 3 

middle 
~ 12-17 km 
downstream 

W:D 13 19 
ω (W m-2) 198 337 
A (%) 6 6 

lower 
~ 70-74 km 
downstream 

W:D  6 11 
ω (W m-2) 70 181 
A (%) 84 85 
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Table S4. Gauging station information* for Lockyer Valley discharge-area relationship. 
 

 Gauge ID R
ec

or
d 

Le
ng

th
 (y

rs
) 

A
re

a 
(k

m
2 )

 

2y
r Q

a  

5y
r Q

 

10
yr

 Q
 

15
yr

 Q
 

25
yr

 Q
 

50
yr

 Q
 

10
0y

r Q
 

Description 

N
o 

U
ps

tre
am

 W
ei

rs
 

143208A 34 85.19 29.00 71.00 103.00 121.42 145.00 177.00 209.00 15 Mile Creek at 
Dam Site 

143203A,B,C 89 346.07 102.66 432.08 681.27 827.04 1010.69 1259.88 1509.07 Lockyer Creek at 
Helidon 

143212A 47 445.35 90.00 440.00 704.00 857.99 1052.00 1316.00 1580.00 Tenthill Creek at 
Tenthill 

143209A,B 47 162.74 85.00 199.00 285.00 335.65 399.00 485.00 571.00 Laidley Creek at 
Mulgowie 

143220A 26 83.65 7.00 30.00 46.00 55.49 68.00 85.00 101.00 Sandy Creek at 
Forest Hill 

143219A 36 14.64 9.24 56.42 92.11 112.99 139.29 174.98 210.67 Murphy's Creek at 
Spring Bluff 

U
ps

tre
am

 W
ei

rs
 143210A 25 2499.82 266.68 874.92 1335.04 1604.19 1943.28 2403.40 2863.52 Lockyer Creek at 

Lyons Bridge 
143206A 20 2416.24 217.62 541.83 787.09 930.55 1111.30 1356.55 1601.81 Lockyer Creek at 

Brightview Weir 
143204A 25 1618.42 165.50 389.78 559.44 658.69 783.73 953.39 1123.05 Lockyer Creek at 

Wilsons Weir 
143229A 25 465.92 90.52 431.30 689.10 839.90 1029.88 1287.68 1545.47 Laidley Creek at 

Warrego Hwy 
a Q – discharge (m3 s-1) 
*Discharge data are available from the Department of Natural Resources and Mines (DNRM), 
Queensland State Government. 
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Figure S1. Cluster variable analysis of total stream power (Ω), mean stream power (ω) slope, 
basin area (A), valley width, and width-to-depth ratio (W:D) associated with adjustments 
occurring along (a) Buaraba Creek, (b) Laidley Creek, and (c) Blackfellows Creek.  
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Figure S2. Box-and-whisker plots from one-way ANOVA analysis of width-to-depth ratio 
data for Buaraba (a), Laidley (b), Blackfellows (c) Creek, and the combined tributaries (d). 
Note that asterisks represent outlier values (at least 1.5x the interquartile range) and circles 
represent sample means. Letters above individual box plots indicate a statistical distinction (at 
a 95% CI) between the individual box plot data and the data plot represented by the letter 
where: A – avulsion, E – lateral expansion, B – bend adjustment, O – all other adjustment. 
Noted statistical distinctions correspond to Table 3. Interquartile ranges correspond to Figure 
9.   
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Figure S3. Box-and-whisker plots from one-way ANOVA analysis of mean stream power 
data for Buaraba (a), Laidley (b), Blackfellows (c) Creek, and the combined tributaries (d). 
Note that asterisks represent outlier values (at least 1.5x the interquartile range) and circles 
represent sample means. Letters above individual box plots indicate a statistical distinction (at 
a 95% CI) between the individual box plot data and the data plot represented by the letter 
where: A – avulsion, E – lateral expansion, B – bend adjustment, O – all other adjustment. 
Noted statistical distinctions correspond to Table 3. Interquartile ranges correspond to Figure 
9.   
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Figure S4. Box-and-whisker plots from one-way ANOVA analysis of basin area data for 
Buaraba (a), Laidley (b), Blackfellows (c) Creek, and the combined tributaries (d). Note that 
asterisks represent outlier values (at least 1.5x the interquartile range) and circles represent 
sample means. Letters above individual box plots indicate a statistical distinction (at a 95% 
CI) between the individual box plot data and the data plot represented by the letter where: A – 
avulsion, E – lateral expansion, B – bend adjustment, O – all other adjustment. Noted 
statistical distinctions correspond to Table 3. Interquartile ranges correspond to Figure 9.   
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Figure S5. Box-and-whisker plots from one-way ANOVA analysis of width-to-depth ratio 
data for Buaraba (a), avulsion (b), lateral expansion (c) bend adjustment, and (d) all other 
adjustment. Note that asterisks represent outlier values (at least 1.5x the interquartile range) 
and circles represent sample means. Letters above individual box plots indicate a statistical 
distinction (at a 95% CI) between the individual box plot data and the tributary represented by 
the letter where: Bu – Buaraba Creek, La – Laidley Creek, and Bf – Blackfellows Creek. 
Noted statistical distinctions correspond to Table 4. Interquartile ranges correspond to Figure 
10.   
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Figure S6. Box-and-whisker plots from one-way ANOVA analysis of mean stream power 
data for Buaraba (a), avulsion (b), lateral expansion (c) bend adjustment, and (d) all other 
adjustment. Note that asterisks represent outlier values (at least 1.5x the interquartile range) 
and circles represent sample means. Letters above individual box plots indicate a statistical 
distinction (at a 95% CI) between the individual box plot data and the tributary represented by 
the letter where: Bu – Buaraba Creek, La – Laidley Creek, and Bf – Blackfellows Creek. 
Noted statistical distinctions correspond to Table 4. Interquartile ranges correspond to Figure 
10.   
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Figure S7. Box-and-whisker plots from one-way ANOVA analysis of basin area data for 
Buaraba (a), avulsion (b), lateral expansion (c) bend adjustment, and (d) all other adjustment. 
Note that asterisks represent outlier values (at least 1.5x the interquartile range) and circles 
represent sample means. Letters above individual box plots indicate a statistical distinction (at 
a 95% CI) between the individual box plot data and the tributary represented by the letter 
where: Bu – Buaraba Creek, La – Laidley Creek, and Bf – Blackfellows Creek. Noted 
statistical distinctions correspond to Table 4. Interquartile ranges correspond to Figure 10.   
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APPENDIX 3. Demonstration of concept for research presented in Chapters 5 and 6. 

Published as: 

Lisenby, P., Fryirs, K., 2016. Sedimentologically significant tributaries: Characterizing 

sediment connectivity in the Lockyer Valley, SEQ. In: G. Vietz, A.J. Flatley, I.D. 

Rutherford (Eds.), Proceedings of the 8th Australian Stream Management Conference. 

RBMS, Leura, NSW. 435-443.  



Pages 240-248 (Appendix 3) of this thesis have been removed as they contain published 
material. Please refer to the citation above for details of the articles contained in these 
pages. 
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APPENDIX 4. Supporting information for Chapter 5.   
 
 
 
Field surveyed sediment fractionsa by count  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a sand (< -1 φ), granule (-1 to -2 φ), pebble (-2 to -6 φ), cobble (-6 to -8 φ), boulder (> -8 φ) 
b sample locations are given in Chapter 5 
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3 0 8 105 35 2 
4 12 3 36 37 12 
6 7 8 110 2 1 
7 10 2 42 25 22 
9 51 7 61 29 3 

10 18 3 47 27 5 
11 38 8 41 13 12 
13 11 1 51 45 4 
14 6 1 62 30 1 
15 12 4 68 15 1 

Tr
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s 1 0 2 60 33 5 

2 22 10 55 13 0 
5 0 1 48 59 17 
8 22 4 47 35 0 

12 4 0 43 65 2 
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Sieved sediment fractionsa by weight (g)  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a gravel (> -1 φ), very coarse sand (-1 to 0 φ), coarse sand (0 to 1 φ), medium sand (1 to 2 φ), 
very fine/fine sand (2 to 4 φ), mud (< 4 φ)  
b sample locations are given in Chapter 5 
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4 5.63 71.71 700.54 1045.16 208.95 27.36 
6 8.28 59.40 588.23 2632.00 1943.57 608.77 
7 2.42 54.69 699.44 699.43 113.67 21.74 
9 1.51 6.21 357.91 1564.46 516.12 68.19 

10 27.86 350.50 1071.22 1319.65 325.82 45.09 
11 24.91 91.09 420.71 1798.02 1815.68 327.67 
13 20.97 141.73 442.28 1006.49 705.33 386.25 
14 8.30 71.08 504.42 1099.55 508.69 439.54 
15 43.12 350.50 996.23 590.77 308.98 1201.95 
17 11.78 82.90 389.91 2105.86 1653.60 1609.74 
18 41.36 188.44 657.32 3788.75 2805.11 849.81 
19 8.17 67.59 756.52 1457.64 159.76 12.11 
20 24.57 209.47 2428.47 1756.44 322.22 245.95 
21 141.19 398.94 1274.21 4846.29 1456.40 191.38 
23 14.98 116.43 917.87 2327.11 192.26 3.50 
24 31.94 147.64 1488.72 2939.28 481.79 94.36 
25 47.25 204.63 3239.44 3614.90 123.79 20.56 
26 24.53 79.95 327.52 1507.50 329.77 22.08 
27 17.25 1011.22 789.91 79.52 16.61 8.05 
28 43.47 284.46 698.67 700.65 159.95 48.34 
29 97.41 308.42 934.86 1129.01 604.00 284.70 
31 24.94 67.57 844.79 3362.68 826.09 189.39 
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2 4.29 33.83 314.81 1173.09 840.23 210.04 
8 15.29 63.32 372.99 1102.98 552.97 56.19 

12 0.87 2.41 52.67 579.95 320.79 33.55 
16 21.78 287.34 1681 218.51 2.00 0.32 
22 17.67 107.56 539.62 1299.1 393.81 214 
30 3.00 37.62 336 1365.5 327.11 7.04 
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