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ABSTRACT 

Healthy riparian vegetation has a positive impact on the adjacent river. Unfortunately, 

riparian vegetation is often threatened by human impacts such as dam construction and 

clearing. To gain the knowledge underlying the effects of such impacts and to aid riparian 

rehabilitation, the objective of this thesis was: to determine riparian vegetation association 

with, and response to, variation in jluvial geomorphology over several scales and 

consequently to jluvial disturbance. Only woody riparian plant species were considered. 

Flood disturbance was the unifying theme of this thesis. Linked to this theme and arising 

from the main objective was the supposition that plant interactions with the abiotic 

environment, but not biotic interactions between species, control riparian species distribution 

because of frequent jluvial disturbances. 

Woody riparian vegetation and riverine environmental variables were recorded along the 

upper Murrumbidgee River at three spatial scales based on a geomorphic hierarchy for 

Chapter 2. Multivariate analysis was used to group species and to associate environmental 

variables with vegetation at the three spatial scales. Observations at the two larger scales, of 

river segment (site) and riparian reach (transect), identified a river-longitudinal species

composition gradient associated with geology, river width and stream channel slope. 

Observations at the smallest scale of geomorphic units (plot) identified a lateral riparian 

gradient and also the longitudinal gradient; these gradients were associated with geomorphic 

variation, land use, plot elevation and also river longitudinal variables. 

Using the same data set, but varying the spatial scale of analysis caused the species 

composition pattern to change between scales. Increase in scale of observation, that is from 

geomorphic unit to reach and segment scales, resulted in disproportionate importance of rarer 

species and decreased importance of some key riparian species at the larger scales. It would 

appear that in this instance the geomorphic unit scale best described patches of different 

species composition because this scale had high spatial resolution and was also able to 

identify multiple gradients of environmental variation. It was recommended that riparian 

sampling take place at scales that represent dominant gradients in the riparian zone. These 

gradients are represented by geomorphic scales, indicating the appropriateness of using 

geomorphic based scales for observation of riparian vegetation. 

V 
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Chapter 3 considered whether there is a geomorphic template upon which riparian vegetation 

is patterned and whether it is associated with process variables, such as flooding and soil type. 

This question was investigated at different spatial scales in three ways: i) by an experiment to 

determine whether soil nutrient condition affects plant growth; ii) by graphical analysis of 

trends between geomorphic units, species and process variables; and iii) by analysis of 

vegetation distribution data. 

The smallest scale (meso) found experimental differences in plant growth because of soil 

type. Plants growing in sand had the lowest performance, with an average plant Relative 

Growth Rate (RGR) of 0.01, compared to plants growing in soils with small amounts of silt or 

clay particles, with an average plant RGR of 0.04. This pattern was attributed to differences 

in nutrients. Clear relationships were demonstrated at the larger geomorphic unit scale 

between species distribution and process variables. For example, hydrology and substratum 

type were found to be associated with geomorphic units and species. The largest scale 

considered in Chapter 3 was the riparian reach scale. At this scale species were clearly 

grouped around reach type. Therefore, geomorphology was considered to be a template for 

riparian species distribution. Findings in this chapter suggested that geomorphic variables 

should be good predictors of riparian species distribution. This hypothesis was tested and 

supported in Chapter 6. 

The experiments reported in Chapter 4 aimed to determine whether inundation depth and 

duration affected plant performance and survival for five common riparian zone species. 

Riparian seedling patterns in the field were also compared with experimental results to test 

whether species performance was reflected by field distribution. The experiments that were 

conducted included an inundation period and depth experiment, and a survival period test 

whilst under complete inundation. Biomass and height relative growth rates were determined, 

and the results were analysed using factorial Analysis of Variance. Obligate riparian species 

(Callistemon sieberi, Casuarina cunninghamiana, Leptospermum obovatum) were found to 

be tolerant of inundation duration and depth, to the point where inundation provided a growth 

subsidy. On the other hand, non-obligate riparian species (Acacia dealbata, 

Kunze a ericoides) were either just tolerant of inundation or showed a negative growth 

response. For instance, C. sieberi demonstrated an average height RGR of 0.04 after 

complete inundation and 0.007 when not inundated, while A. dealbata had an average height 

RGR of 0.001 after complete inundation and 0.01 when not inundated. These experimental 

findings were found to closely reflect both seedling and adult plant distribution in the field 



such that inundation tolerant species were found close to the river and intolerant species 

further away. Thus, the conclusion was drawn that riparian species establishment and 

distribution is affected by inundation and that change to the flood regime could have serious 

impacts on riparian zone plant composition. 

vii 

The other aim of this chapter was to determine whether optimum germination temperatures 

were associated with flood or rainfall. Growth chamber germination trials were conducted at 

air temperatures of 15°C, 20°C and 25°C to determine the 'best' germination temperature. 

These germination patterns at different temperatures were then related to annual variation in 

field temperature, flooding period and rainfall. No evidence was found to suggest a 

relationship between ideal germination temperature and flood season, rather it was suggested 

that germination was patchy through time and may simply reflect recent rainfall. 

Investigations that were reported in Chapter 5 aimed to elucidate relationships between 

species and flow velocity variables. Two experiments were conducted: i) a flume experiment 

to determine the effect of flow velocity on plant growth; and ii) an experiment to observe the 

response of plants to damage (imitating flood damage) and inundation. Field observations of 

species distribution and flow velocity related variables were also conducted to put the flume 

results into a real-world context. 

Treatments for the flume experiment were fast flow velocity (0.74 m s-1
), slow velocity 

(0.22 m s-1
) and no velocity (control) but still inundated. All treatments were flooded 

completely for four days. Subsequent biomass and height relative growth rates were 

determined, and the results were analysed using factorial Analysis of Variance. Results were 

unexpected, given that obligate species exposed to the fastest velocity had the highest growth 

rate with an average height RGR of 0.046, compared to plants in still water, which grew the 

least with an average height RGR of 0.013. It was hypothesised that this response was 

because relatively greater carbon dioxide and oxygen levels were available in the moving 

water compared to the still water. With regard to shoot damage, the species that were non

obligate riparian species lost more leaves from velocity treatment than the obligate riparian 

species. The cut and flood experiment found growth of the obligate species 

(Casuarina cunninghamiana) to be greater after cutting than the non-obligate species. 

Flooding was not found to have an effect in the cut and flood experiment, probably because 

the period to sampling after flood treatment was longer ( 4 weeks) than other flooding 

experiments (3 weeks). 
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Field observations were found to support the experimental fmdings, with a gradient of species 

across the riparian zone that reflected potential flood velocities. Therefore, velocity is one of 

a suite of riparian hydrological factors that are partially responsible for the gradient of species 

across the riparian zone. Potentially the absence of flooding could result in a homogeneous 

mix of species, rather than a gradient, except on the very edge of the river. 

The study that was reported in Chapter 6 investigated a technique for predicting riparian 

vegetation distribution. One of the aims of this investigation was to address a current riparian 

rehabilitation shortfall, which was how to objectively select species to plant for rehabilitation. 

Field data were collected from three confmed river valleys in south-eastern New South Wales. 

Using data on plant species occurrence and site and plot measures of soils, hydrology and 

climate, an AUSRIV AS-style statistical model, based on cluster and discriminant analysis, 

was developed to predict the probability of species occurrence. The prediction accuracy was 

85 % when tested with a separate set of plots not used in model construction. Problems were 

encountered with the prediction of rarer species, but if the probability of selection was varied 

according to the frequency of species occurrence then rarer species would be predicted more 

often. Various models were tested for accuracy including three rivers combined at the 

geomorphic unit (plot) scale and riparian reach (transect) scale in addition to a Murrumbidgee 

River plot scale model. Surprisingly, the predictive accuracy of the all rivers and single river 

models were approximately the same. However, the difference between the large scale and 

small scale models pointed to the importance of including small scale flood-related 

parameters to predict riparian vegetation. 

When these riparian predictions were compared to predictive outcomes from a hill slope 

model, which was assumed to be affected by fewer disturbances (i.e. flooding), predictive 

accuracies were not very different. Overall though, predictive accuracy for riparian 

vegetation was high, but not good enough to support the supposition that riparian vegetation is 

abiotically controlled because of frequent flood disturbance. Nevertheless, geomorphology 

and consequently flood effects are still important for the determination of the riparian 

community composition. 

Overall, riparian vegetation was found to be closely linked to its environment ( evidenced in 

Chapters 2, 3, 4, 5) in a predictable manner (Chapter 6). Species pattern relied on flood 

disturbance affecting species distribution. Some riparian species were found to be highly 



tolerant of flooding and gained a growth advantage after flooding (Chapters 4 and 5). 

Therefore, flood tolerance was important for the formation of a species gradient across the 

riparian zone. These species tolerances and growth requirements reflect riparian geomorphic 

pattern (Chapter 3), which was suggested to form a template on which riparian vegetation is 

structured. 

ix 
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Chapter 1 

CHAPTER 1. INTRODUCTION AND STUDY AREA 

1.1 STUDY DIRECTION 

The riparian zone is an important part of functioning, healthy riverine ecosystems ( e.g. 

Malanson 1993 pp. 15-16). In Australia there is a dearth of information on riparian zone 

vegetation, especially of upland south-eastern Australia, which contains the headwaters of 

many large western flowing rivers. The riparian zones in these locations are important for 

several socio-economic reasons: they are within an area of 'ample' rainfall (for Australia), 

which allows a relatively high population density; they are in the headwaters of the Murray

Darling Basin, which contains the largest irrigation areas in Australia; and are similar to a 

large number of rivers on the eastern side of the Great Dividing Range that supply water for 

Sydney. Despite the importance of rivers in this region for water supply, there is little 

understanding of riparian vegetation functioning in relation to riverine processes for native 

species. 

The effects of physical processes, such as flooding, on riparian species regeneration and 

survival need to be determined so that understanding can be gained about how changes to the 

flow regime may impact on riparian condition and survival. Despite the large number of 

dams already in south-eastern Australia, the likelihood of further such developments is high, 

given the increasing population density. Therefore, before the effects of further water 

resource development on riparian plants can be understood, causal links between plant 

establishment and flood components must be determined. In addition, these links should be 

based on vegetation processes occurring in situations that are 'relatively' untouched by human 

intervention so that we have a baseline for comparison with degraded areas ('reference 

condition' e.g. Hughs 1995; Reynoldson et al. 1997). 

Integral to this approach are experiments that allow the identification of causal relationships 

between plants and components of a flood regime. Flood components include factors such as 

inundation and the flow velocity. The effect of flow velocity on plant growth and survival has 

never been experimentally considered for riparian zone plants. With the information gained 

on flooding effects and species distribution in 'reference' areas, it may be possible to make 

informed predictions about the consequences of new river regulating developments and also 

to help rehabilitate damaged riparian sites. 



Chapter 1 2 

Considerations made for riparian rehabilitation need to be closely tied to fluvial 

geomorphology because of the strong links between geomorphology and riparian vegetation. 

It has been established that geomorphology influences vegetation distribution at a variety of 

geomorphic scales (e.g. Franz and Bazzaz 1977; Baker and Walford 1995; Battaglia et al. 

1995; Bendix and Hupp 2000; Van Coller et al. 2000), but the degree to which this occurs has 

not been determined. Geomorphology may form a multi-scale hierarchical template for 

riparian vegetation. Knowledge of this template would assist in structuring field observations 

of riparian species and their environmental correlates, assist with making predictions about 

riverine processes and give a physical structure for riparian rehabilitation. 

Given that riparian species distribution is strongly associated with environmental conditions 

(e.g. Johnson et al. 1976; Franz and Bazzaz 1977; Rood and Mahoney 1990; Stromberg 1993; 

Baker and Walford 1995; Battaglia et al. 1995), riparian rehabilitation efforts could make use 

of a technique that predicts vegetation communities from environmental conditions such as 

geomorphic structure, hydrology and climate. Such a predictive technique has not yet been 

developed for riparian vegetation. Specifically, such a technique could also assist in 

investigating how closely species distribution is correlated with and controlled by the abiotic 

environment. This question has links to the impact of frequent flood disturbances on riparian 

vegetation. 

In relation to the applied rehabilitation outcomes that consider flooding effects, there are 

theoretical issues concerning flooding as a disturbance and also the influence of the spatial 

scale of observation that are considered in this thesis. Disturbance is the common thread 

through this thesis and its relationship with riparian vegetation is introduced below with the 

key question for this topic. In addition, scale of observation is critical to both the results 

obtained and the interpretations that can be made (e.g. Schneider 1994; Wiens 1989), hence 

the importance of considering the scale issue with the view to interpreting observations. 

Issues concerning the scale of observation are mainly introduced in Chapter 2. 

An extensive literature review is not presented in this introduction as each chapter hereafter 

(except the final discussion chapter) has its own introduction, and review of relevant 

literature. This chapter includes the thesis objective, study considerations, a definition of the 

riparian zone along with consideration of the unifying theoretical theme of the thesis 

(disturbance) and a description of the areas studied. The following chapters are relatively 
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discrete with their own introduction, methods, results and discussion, and will be submitted 

for publication individually after some modification. There is also some limited reference to 

previous or later chapters for methods, results and research findings. 

1.2 THESIS OBJECTIVE 

3 

To determine riparian vegetation association with, and response to, variation injluvial 

geomorphology over several scales and consequently to jluvial disturbance. 

The primary objective of this project was to understand plant species pattern with regard to 

hydrologic and geomorphic processes (fluvial geomorphology) associated with rivers. Other 

factors such as climatic variation are also considered but they are not of primary importance 

to this study because the two processes that make riparian vegetation different to other 

vegetation types are river hydrology and geomorphology. The information collected to 

answer this aim has several secondary benefits, including: providing an information base for 

modeling and predictive purposes, developing quantitative field sampling methods, and 

providing recommendations for river management. 

Work presented in Chapter 2 investigates how the scale of observation affects conclusions 

drawn about species distribution in relation to flooding and physical variation. In Chapter 3 

examination is made of whether vegetation reflects fluvial geomorphic pattern, which is a 

summary of past fluvial geomorphic conditions and those that a plant will likely be exposed to 

in the future. Direct flood effects are reported and discussed in Chapter 4 in terms of 

inundation, and in Chapter 5 in terms of flow velocity. Both chapters consider disturbance 

intensity effects on plant performance. Chapter 6 brings together the environmental 

interactions investigated in the previous chapters by predicting vegetation spatial pattern from 

environmental variation. Assessment is also made of whether good predictability of species 

distribution can be achieved in such frequently disturbed areas as riparian zones. 

Riparian disturbance from flooding is the unifying theme of this thesis. The information 

collected to answer the primary objective is also used to address the supposition that plant 

interactions with the abiotic environment, but not biotic interactions between species, control 

riparian species distribution because of .frequent jluvial disturbances. This question has not 

been addressed in previous riparian studies, although many of the published studies have roots 

in this assumption. 
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1.2.1 Management application 

The major portion of the research for this thesis took place in the south-east of the Murray

Darling Basin. The rivers studied consisted of constrained upland rivers. Emphasis was 

placed on gaining an overall understanding of the vegetation patterns occurring in riparian 

vegetation communities, the dynamic response to disturbance in the form of flooding, and the 

environmental correlates of vegetation and species. From this knowledge it was possible to 

make recommendations about the management of these areas as well as contribute to the 

ecological understanding of riparian zone vegetation communities. Hence this thesis has as a 

management application: to provide background information on Australian upland riparian 

vegetation pattern and functioning to aid any potential riparian rehabilitation programs or to 

assess the potential outcomes of changes to flow regimes or the construction of engineering 

works. 

1.2.3 General study design considerations 

There are two primary scales to vegetation dynamics: temporal and spatial. Given the time 

constraints, it was decided to focus on spatial aspects of vegetation distribution, although 

some degree of temporal variability is represented through the study of both adult and 

juvenile plants. In addition, woody plants were the topic of this thesis because: there are 

fewer woody species, which allows a greater understanding to be gained of common and 

dominant species; woody plants have a long term life cycle, which means that they must 

tolerate a range of riverine disturbances; and they also have an effect as 'river engineers' in 

that they affect the river geomorphology to some degree ( e.g. Bendix and Hupp 2000). 

Nevertheless, herbaceous species are important and they are considered in terms of percent 

cover and the effect they may have on woody plant regeneration. Of the woody species, five 

were commonly used in the experiments performed, these species were present at a minimum 

of five sites on the Murrumbidgee River, and germinable seed was available. Other 

considerations are mentioned throughout the thesis. 

1.3 WHAT IS THE RIP ARIAN ZONE? 

The riparian zone has been recognised as an important factor in the maintenance of water 

quality and instream biotic functioning. In particular, a riparian zone and its associated 

vegetation, when in good condition, is important in a number of ways including that it: can act 
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as a filter or buffer strip to some undesirable substances contained in runoff water before 

reaching the river (Brunet et al. 1994); provides an important allochthonous food source in the 

form of plant litter and a basis for instream detrital food chains (Gregory et al. 1991; 

Cummins 1993); provides an important habitat for instream species formed through debris 

falling into the river, particularly whole trees or large branches, (Campbell 1993; Cummins 

1993); influences solar energy inputs to the river (Vannote et al. 1980; Gregory et al. 1991; 

Cummins 1993 ); and has the effect of reducing bank erosion by stabilising alluvial sediments 

(Cummins 1993). Thus, riparian vegetation is important for instream ecosystem functioning 

and condition, and forms a transition between aquatic and terrestrial ecosystems, hence an 

ecotone (Gregory et al. 1991; Bretschko 1995; Naiman and Decamps 1997). In addition, the 

riparian zone is important in its own right. The zone contains species not commonly found 

elsewhere in the surrounding landscape; flooding influences these species; and plant diversity 

is frequently high (Nilsson et al. 1994). 

The vegetation found in the riparian zone is determined by both the hydrology and 

geomorphology of the riverine corridor (e.g. Johnson et al. 1976; Johnson 1992; Puhakka et 

al. 1992; Johnson 1994; Brooks 1995; Bendix and Hupp 2000). Thus, there are three obvious 

components that can be used to define the riparian zone for management purposes and for 

scientific study, obligate riparian species extent, morphological character and hydrology. 

Consequently, there is debate over how to define the riparian zone (e.g. Bunn et al. 1993). 

The Oxford dictionary ( 1989) defines the word riparian as, "pertaining to, or situated on the 

banks of a river; riverine". Therefore, riparian vegetation should be the plants growing on the 

banks of a river. However, in the scientific literature the riparian zone and riparian vegetation 

vary in definition, for example: 100 year flood level (also used as a definition for floodplain 

(Cummins 1993); zone that is directly influenced by the land-water interface from 0.5m 

below the water surface to the top of the bank (Roberts & Ludwig 1991); vegetation along the 

edge of a river (Bren 1993); vegetation close enough to the river to provide detritus (Nilsson 

et al. 1994). Some of these definitions are vague in their meaning; and the 100-year flood 

definition, while process oriented, introduces difficulty into determining the extent of the 

riparian zone in the field, so that vegetation on extensive floodplains would be included as 

well as the vegetation on the riparian edge. This study does not intend to cover the vegetation 

on extensive lowland floodplains. However, narrow upland riparian zones do sometimes 

include a small floodplain geomorphic unit, but not kilometres wide as is the situation for 
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many lowland floodplains. The object of this study is the vegetation adjacent to the river 

channel that is affected by flood inundation and velocity. 

1.3.1 Upland compared to lowland 

Much of the literature regarding Australian riparian vegetation communities and processes is 

concerned with lowland, extensive floodplain areas ( e.g. Bren and Gibbs 1986; Chesterfield 

1986; Dexter et al. 1986; Bren 1988; Roberts 1993; Table 1.1). Upland communities have 

been largely overlooked. For the purposes of this study, upland refers to the river sections in 

the mountains and slopes ( down to an altitude of about 300 m ASL) and lowland refers to the 

extensive floodplain areas on the western plains of south-eastern Australia (Thoms and 

Sheldon 2001 ). The upland areas are also more likely to be affected in the future by 

additional reservoir construction and increasing demands from a growing population. 

6 

It is not easy to make generalisations from lowland communities and apply them to upland 

communities because of physical and biotic differences. Upland communities have to 

contend with greater flood energy because of the constrained river channel and narrow valleys 

with a steeper river gradient (Gregory et al. 1991), also the species in the hilly upland areas 

are different (e.g. NCDC 1981 compared to Margules et al. 1989). For these reasons this 

study was restricted to larger upland rivers in the south-east Murray-Darling Basin which is 

west of the Great Dividing Range. 

Upland and lowland river sections are different in terms of their physical characteristics. For 

example, stream bed gradients are generally steeper in upland sections than lowland river 

sections (Warner 1988; Thoms and Walker 1992), giving rise to narrower valley floor 

troughs, a narrower floodplain and higher stream energies/power (Warner and Paterson 1987). 

Additionally, the bed and boundary (river edge) sediments tend to be coarser in upland 

sections (Warner and Paterson 1987; Thoms and Walker 1992), indicating that upland 

sections are sediment source zone and lowland sections are sediment sinks. It could also be 

argued that upland sections are similar to lowland rivers, but only in the broadest sense. For 

example, flooding, deposition and erosion occur in both sections but the relative importance 

and levels of these processes are different. Upland river sections can be considered different 

to lowland river sections when considering hydrological and geomorphological factors. 

These differences may limit the potential for information transfer between upland and 
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lowland riparian reaches, which suggests the importance of research considering upland 

riparian communities. 

1.3.2 Differences between Australia and the Northern Hemisphere 

Given much riparian research has been performed in the Northern Hemisphere (e.g. Table 

1.1 ), it is pertinent at this stage to point out some differences. Northern hemisphere rivers 

have been more intensively studied than Australian rivers, which has resulted in many 

theories and generalisations from the northern hemisphere being applied to Australian 

systems. However, while parallels can be drawn between Northern Hemisphere and 

Australian systems, the highly variable Australian climate causes many differences. For 

example Australia has lower precipitation and runoff, and higher evaporation (Lake and 

Barmuta 1986); differences within a river include high flow variability and comparatively low 

river discharge for temperate region rivers (Lake and Barmuta 1986); and obviously the native 

vegetation in Australia is different. Thus, use of northern hemisphere literature by managers 

to make important decisions about the riparian zone may create problems. One of the crucial 

reasons for performing this research is to improve the knowledge base for Australian upland 

riparian zones. 

Table 1.1. A subsample of literature concerning riparian/floodplain vegetation. 

Classification Examples of published literature 
Lowland Bren and Gibbs (1986); Bren O'Neill and Gibbs (1987); Bren (1988); Bren (1990); 
Australian Bren (1992); Bren (1993); Chesterfield (1986); Dexter et al. (1986); Hancock et al. 

(1996); Keith and Myerscough (1993); Roberts and Ludwig (1991 ); Roberts (1993) 
Upland Australian Outhet et al. (1995); Woolfrey and Ladd (2001); Pettit et al. (2001, upland and 

lowland) 
Northern Auble and Scott (1998); Castelli et al. (2000); Cooper et al. (1999); Everitt (1995); 
hemisphere Everson and Boucher (1998); Frye and Grosse (1992); Harris (1987); Harris et al. 

(1987); Hupp (1983); Hupp and Osterkamp (1985); Johnson et al. (1976); Johnson 
(1992); Johnson (1994); King (1996); Nakamura et al. (1997); Nanson and Beach 
(1977); Nilsson and Holmstrom (1985); Nilsson (1987); Nilsson et al. (1988); 
Nilsson and Keddy (1988); Nilsson et al. (1989); Nilsson et al. (1994); Nilsson and 
Jansson (1995); Nilsson et al. (1997); etc. 

Other southern Carretero (1999); Coetzee and Rogers (1991); Duncan R.P. (1993 lowland); 
hemisphere MacKenzie et al. (submitted); Van Coller et al. (1997); Van Coller et al. (2000) 
papers 
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1.4 DISTURBANCE AND FLOODING 

Flooding is commonly considered a disturbance of vegetation in the riparian zone (e.g. 

Gregory et al. 1991; Duncan 1993; Baker and Walford 1995). Disturbance has been defined 

principally in two ways. Glenn-Lewin and Van der Maarel (1992) summarise the definition 

dichotomy well. Firstly, disturbance is defined as a divergence from "normal" with the 

inherent problems of defining what is normal (e.g. Forman and Godron 1986). Secondly, 

disturbance is defined as a relatively discrete process that leads to changed resource 

availability ( e.g. White and Pickett 1985). The defmition used for this thesis agrees mainly 

with the second defmition that disturbance results in a change to resources, which can include 

an increase. However, despite the difficulty in defining "normal", some consideration must 

be given to events that are not common for the environment. Therefore, in this thesis I 

consider disturbance to be a relatively discrete event that leads to a change in resource supply, 

particularly an increase (e.g. space, water, nutrients), which can have a positive or negative 

impact on organism survival and functioning, and which is not the normal condition for that 

environment. The reference to a 'normal condition', while it may be somewhat subjective, is 

indicative that for the environment in question there is a greater chance of finding it in the 

'normal' or undisturbed state than not. While this issue of 'normal' is a source of debate it is 

not the intention in this thesis to consider this issue further. 

Based on this defmition, a flood could be considered a disturbance for a number of reasons. 

First, a flood event is defmed as river discharge that overflows river banks onto land that is 

not normally submerged (Ward 1978). Second, floods increase resource supply, including 

water, nutrients and availability of bare sediment, which may form a new patch free from 

competition or scour away existing vegetation. There are other disturbances that may have an 

impact on riparian zones, for example fire and drought. Only flooding is considered in this 

thesis since it is a principal factor that def mes the riparian environment. This thesis' 

classification of flooding as a disturbance is based on the above disturbance defmition. 

However, rarely in the riparian literature is disturbance defined, even when the content of the 

paper clearly relies on the idea that flooding is a disturbance (e.g. Reily and Johnson 1982; 

Baker 1988; Auble and Scott 1998; Taylor et al. 1999). If another definition of disturbance 

was to be used, say events that do not occur with seasonal regularity, then a flood in most 

riparian ecosystems would not be a disturbance. Nevertheless, the concept of flooding as a 

disturbance is referred to by a number of authors ( e.g. Kimmerer and Allen 1982; White and 

8 
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Pickett 1985; Gregory et al. 1991; Duncan 1993; Baker and Walford 1995; Bendix and Hupp 

2000) and its classification as a disturbance, or not, is largely an issue of semantics. 

Irrespective of whether it is classified as a disturbance or not, flooding has frequently been 

investigated in the riparian zone. The role of flooding as a disturbance can have a variety of 

outcomes such as: the initiation of new successions (e.g. Johnson et al. 1976; Johnson 1992; 

Johnson 1994); the creation of bare patches for recruitment (e.g. Auble and Scott 1998); the 

maintenance of species diversity (Johnson et al. 1976; Duncan 1993); the limitation of species 

diversity (Trebino et al. 1996); an increase in plant growth ( e.g. Blom et al. 1990; Frye and 

Grosse 1992); and a decrease in growth ( e.g. Jones et al. 1989; Frye and Grosse 1992). Thus, 

there are a variety of flooding consequences with the likely outcome dependent on species 

(e.g. Hosner 1958; Frye and Grosse 1992; Jones et al. 1994; Biggs 1996; King 1996; 

Stromberg 1997) and the development stage of individuals (e.g. Voesenek et al. 1993; Siebel 

and Blom 1998). These studies suggest that flooding is important for maintaining riparian 

species structure and regeneration. If anthropogenic changes to the flow regime were to 

remove or mitigate flood events ( e.g. through river regulation associated with engineering 

works) riparian vegetation structure and dynamics might be expected to change. 

Change to the hydrologic regime from dam construction and the consequent alteration to the 

flood regime, usually reducing flood frequency and magnitude, has had notable effects on 

riparian zone vegetation in North America, including: reduced vegetation diversity (Johnson 

1992); limited or no regeneration; (Rood and Mahoney 1990); and reduced growth of older 

established trees (Johnson et al. 1976). Similar findings have been obtained for Australian 

lowland floodplain species (e.g. Pressey 1990; Bren 1990; Ward 1991; Bren 1992; Green 

1994 ). These outcomes indicate the importance of fluvial disturbance to the natural 

functioning and continued existence of riparian vegetation communities. 

1.4.1 Disturbance and scale 

Understanding the effects of a disturbance is relative to the spatial and temporal scale of the 

system under investigation (Rykiel 1985; White and Pickett 1985). Disturbance in relation to 

spatial and temporal scales can be considered as a disturbance regime. For example, the 

disturbance regime of White and Pickett (1985) has eight scale-related components, being: 

distribution; frequency; return interval; rotation period; predictability; area; magnitude, 

including intensity and severity; and synergism. Many of the disturbance regime criteria are 
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important in describing the fluvial regime of a river (see Gordon et al. 1992), and both 

fluvial ( e.g. flooding) and geomorphic events ( e.g. sediment deposition and erosion) can be 

considered disturbances to riparian vegetation (Gregory et al. 1991). 

10 

Spatial and temporal aspects of flood disturbance are inter-linked (Thoms and Sheldon 2000). 

The probability of a flood is a large-scale spatial issue, for example, whether it occurs in the 

catchment or not. Also at a large scale is the temporal pattern of flooding within a season, 

year or longer, which are large or coarse scale climatic considerations. Direct flood impacts 

on plants including flood energy, physical disturbance and depth of water, work at smaller or 

fmer scales. For example, the depth of water and velocity of a flood event is highly location 

and time specific. 

The observed impact of flood disturbance is closely linked to temporal and spatial scale of 

vegetation observation. Responses to flooding depend, for example, on the age of an 

individual or community (e.g. Johnson et al. 1976; Nanson and Beach 1977; Johnson 1992; 

Siebel and Blom 1998; Voesenek et al. 1993), species tolerance to disturbance (e.g. Hosner 

1958; Menges and Waller 1983; Jones et al. 1989), and the environmental attributes where an 

individual is found (e.g. McBride and Strahan 1984; Smith et al. 1995; Wallace et al. 1996; 

Cooper et al. 1999). For example, some North American riparian species rely on flood 

disturbance occurring at seed set to provide suitable establishment sites for seeds that have 

short viability. This site suitability includes competition-free sediment and adequate moisture 

(e.g. Johnson et al. 1976; Nanson and Beach 1977; Johnson 1992). A species' response to 

flooding depends on its attributes, for instance, the age of individuals or communities, the 

timing of disturbance in relation to plant regeneration stage, and species flood tolerances. 

Perceived responses to flooding also depend on the scale of the subject under observation, for 

example community, population or individual. Therefore, response to disturbance depends on 

where a particular event sits within the disturbance regime in relation to the scale of the 

subject under observation. 

1.4.3 The subsidy-stress hypothesis 

Disturbances can have positive or negative impacts on organisms by providing space and 

other resources. Odum et al. (1979) developed a hypothesis called the 'subsidy stress 

gradient' which acknowledges that a disturbance, or perturbation, may result in either a 

positive response, hence a subsidy, or a negative response, hence a stress, dependent on 
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disturbance intensity. This hypothesis was initially discussed in the context of pollution 

and flooding effects and could reportedly be applied to populations or communities. The 

response variable for the subsidy stress gradient was usually couched in terms of productivity. 

This hypothesis is similar to the intermediate disturbance hypothesis (IDH), except that the 

IDH response variable is diversity (Grime 1973; Connell 1978). The subsidy stress gradient 

has been used to explain floodplain productivity ( e.g. Megonigal et al. 1997 and also 

examples referred therein) and it has been recognised that the idea, as it stands, may be a little 

simplistic given that water and nutrient subsidies could potentially be cancelled out by the 

stress of anaerobic root conditions (Megonigal et al. 1997). Nevertheless, the subsidy stress 

hypothesis has been seen as an idea that potentially describes plant response to disturbance, 

which recognises that a disturbance event could result in either a positive or negative 

response. 

The subsidy stress hypothesis clearly presents the possibility of a threshold point for species 

response. Species tolerance to disturbance may be considered in relation to a threshold point 

where organism response to a flood changes from increasing performance to a decreasing 

performance trend once the disturbance has reached a particular intensity, limit or threshold. 

'Threshold' as a term can be used in a fluvial geomorphological context. For example, 

changes in river channel pattern (i.e. meandering, straight, braided) occur at critical or 

threshold values of stream power, gradient, and sediment load (Schumm 1988). This idea can 

be transferred to an ecological context in relation to riparian vegetation. For example, the 

critical flood energy to remove a seed is low, while to remove a tree it would have to be very 

high. Components of a disturbance regime that may support the existence of a plant 

performance threshold are considered in this thesis. 

1.4.4 Organisms in frequently disturbed environments may be abiotically controlled 

Given that flooding is considered a disturbance, then the riparian zone is a relatively 

frequently disturbed environment since flooding can occur more than once a year. 

Consequently, riparian vegetation should exhibit a ruderal strategy in response to disturbance 

(Grime 1974; 1979). Further, it could be suggested that in a frequently disturbed environment 

the communities would be abiotically controlled because the biotic interactions are reduced. 

Ward (1998) points out that flooding may prevent competitive exclusion, which can result in 

high levels of alpha diversity. Essentially, if a community is frequently disturbed then the 

importance of biological interactions is reduced. 
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The intermediate disturbance hypothesis (Grime 1973; Connell 1978) supports the idea that 

biotic influences in highly disturbed environments are of lesser importance than usual. The 

IDH suggests that areas of intermediate disturbance frequency will not be dominated by 

highly competitive species, with both pioneer and later successional species present, while 

where disturbance is very frequent only pioneer or tolerant species will be present. Bendix 

and Hupp (2000) discuss these ideas in a riparian context. They refer to species distribution 

in a fluvial influenced landscape as driven by species tolerance to hydrogeomorphologial 

processes when the stress-equilibrium gradient is severe, and by competition at the benign end 

of the gradient. Thus, if competitive interactions have become less important because of the 

level of disturbance, then habitat variation should be more important. The idea of abiotic 

control has not yet been directly considered in a riparian context. 

The close links between the riparian physical environment and plant species distribution, 

recruitment, survival and growth is the dominant theme in riparian literature ( e.g Hosner 

1958; Franz and Bazzaz 1977; Menges and Waller 1983; Hupp and Osterkamp 1985; Bren 

and Gibbs 1986; Bren et al. 1987; Baker 1989; Jones et al. 1989; Coetzee and Rogers 1991; 

Baker and Walford 1995; Battaglia et al. 1995; Nakamura et al. 1997; Van Coller et al. 1997; 

Siebel et al. 1998; Siebel and Blom 1998; Anderson and Pezehki 1999; Bendix 1999). Yet 

the level of control that physical variation has over vegetation has not been questioned. Many 

riparian studies have considered how disturbance influences riparian vegetation ( e.g. 

Kimmerer and Allen 1982; Nilsson 1987; Hughes and Cass 1997; Auble and Scott 1998; 

Swanson et al. 1998), but these studies did not investigate the degree of abiotic control over 

plants. On the other hand, Wilson and Keddy (1986) looked at the degree of biotic control on 

plants by determining that species on exposed, nutrient poor shores had a lower competitive 

ability than species on sheltered, nutrient rich shores. While competitive ability may have 

been considered, abiotic control has not. This thesis proposes to investigate the degree to 

which riparian species are abiotically controlled because of frequent flood disturbance. 

Provided that highly disturbed environments do result in communities being largely 

physically controlled, then prediction of species spatial pattern from physical or 

environmental variation should be very accurate because biotic interactions would not have to 

be accounted for, thereby providing a test of the abiotic control supposition. Biological 

caveats for this idea include whether species have unlimited dispersal capabilities (i.e. that 
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pioneer species are capable of getting to a disturbed site), little or no competition occurs 

between species, and species have some tolerance to continued disturbance. 

1.4.5 Chapter structure in relation to disturbance 

Riparian disturbance from flooding is the unifying theme of this thesis. The issue of 

disturbance structuring species distribution is tackled in three ways. Firstly, in situ spatial 

patterns of species at different scales and associations with the physical environment are 

observed (Chapters 2 and 3). Secondly, the impact offluvial disturbance on plant growth and 

survival is directly considered (Chapters 4 and 5). Thirdly it is determined whether the 

physical environment produces predictable vegetation spatial pattern (Chapter 6). The linking 

supposition for this thesis is: plant interactions with the abiotic environment, but not biotic 

interactions between species, control riparian species distribution because of frequent fluvial 

disturbances. 

1.5 STUDY LOCATION 

Most of the large rivers in the Murray Darling Basin have headwaters in the mountains on the 

western side of the Great Dividing Range (e.g. Murray, Murrumbidgee, Lachlan, Macquarie 

Rivers). These rivers then flow through undulating country before reaching the western 

plains. Moving down-river through these different geographic zones, channel slope and 

consequently flow velocity gradually decreases. Usually with this geographic progression the 

character of the riparian zone also changes (Gregory et al. 1991). fu the mountains the 

riparian zone is narrow and relatively steeply sloped because of the steep valleys that the 

rivers flow through. On the slopes before the western plains, the rivers tend to flow through 

gorge sections, some steep valleys, small areas of floodplain and undulating hills. On the 

western plains the rivers flow through wide floodplains where the channels are unconstrained, 

meandering and tend to be fairly incised. This is in contrast to the river channels in the 

mountainous headwaters and slopes below the mountains, which tend to be constrained and 

not to meander widely. This 'slopes' section between the mountains and the western 

floodplains is referred to as 'upland', and is the geographic location of this study. 

The fieldwork took place in the upper Murrumbidgee, Goodradigbee and Abercrombie rivers, 

although some chapters only consider the Murrumbidgee River. The northern most valley is 

the Abercrombie, followed by the Goodradigbee and extending furthest south the 
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Murrumbidgee (Fig. 1.1 ). The riparian zones of these valleys all have predominantly native 

vegetation in relatively good condition compared to other nearby western flowing rivers. All 

of these rivers have: Casuarina cunninghamiana as one of the dominant tree species; 

accessible "upland sections" with minimal floodplain development; fairly natural flow 

seasonality, although total flow is reduced from the action of the Snowy Mountains Scheme 

on the upper Murrumbidgee and the Goodradigbee rivers; and the vegetation is predominantly 

native. These rivers represent a subset of upland westerly flowing rivers in south-eastern 

Australia. However, species processes found for these western flowing upland rivers may 

also apply to the eastern flowing coastal rivers. 
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The Murrumbidgee River is the largest of the study rivers. It is in a lower rainfall region than 

the other rivers studied and is influenced by the urban populations of Canberra and Cooma 

(Table 1.2). Despite the proximity of larger human populations to the Murrumbidgee, a large 

proportion of its riparian zones contain native vegetation in what appears to be good condition 

for such a large river in Australia. On the other hand, the Abercrombie and the Goodradigbee 

rivers are smaller rivers, are found in higher rainfall areas and are minimally impacted by 

humans (Table 1.2). 
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Table 1.2. Some climatic, flow and land use variables for the three study rivers. Rainfall, maximum temperature, 
minimum temperature and discharge are presented as a range from the most upstream study site to the most 
downstream study site. Climatic data were sourced from 'ESOCLIM' the same climate modeling package used 
for Chapter 6 and discharge data were from the NSW Department of Land and Water Conservation and Ecowise 
Environmental. 

DescriJ:!tor variable Murrumbidgee River Goodradigbee River Abercrombie River 
Median rainfall (mm/ day) 41.5 to 54.5 87 to 69.5 68.5 to 63 
Median maximum temperature 27 26.6 to 28.3 29.4 to 30.3 

(OC) 
Median minimum temperature -0.2 to 0 -1.8 to 0.2 0.6 to 1 

(°C) 
Mean river discharge ML / day 808 to 2387 457 to 896 105 to 866 
Common land use Reserves, grazing, Reserves and grazing Reserves and grazing 

some cropping and 
urban 

Large towns likely to have an Yes, Canberra & No No 
impact on the adjacent Cooma 
river? 

Each of the study rivers has a major river regulatory dam at the end point of the study section. 

Hence, these dams do not impact on flows at sites studied in this thesis. At the headwaters of 

the Murrumbidgee River is Tantangara Dam. This dam is not a river regulatory structure for 

irrigation, rather a dam to collect water allowing transport to another catchment for the Snowy 

Mountains Scheme. Tantangara Dam has had the effect of reducing base flows and the 

frequency and duration of floods upstream ofCooma (EPA 1997). The dam has evened out 

the flows through the river especially immediately downstream of the Dam, because the river 

regulatory authority has to maintain a set base-flow at Cooma. There is only one study site 

upstream of Cooma. 
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CHAPTER 2. INFLUENCE OF THE SPATIAL SCALE OF 
OBSERVATION ON DETECTION OF UPLAND RIPARIAN 
VEGETATION PATTERNS. 

2.1 INTRODUCTION 
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Scale is recognised as critical to observations made in many scientific disciplines ( e.g. 

Schneider 1994; Wiens 1989). There is no single scale that can fully characterise an 

ecosystem (Levin 1992; Schneider 1994). However, the selection of scale to study an 

ecosystem is usually arbitrary because the researcher has chosen a scale based on his or her 

perception of how the ecosystem works, which may or may not be appropriate for the system 

under examination (Wiens 1989). Two ways of approaching this problem are to design 

studies that cover many scales (Schneider 1994) or to consider patterns in spatial variance for 

a single species or measure (Wiens 1989; Home and Schneider 1995). Nevertheless, choice 

of spatial observation scale will depend on the objectives of a study; for example do you want 

to know the geographic distribution of a species (large scale) or do you want to know why it 

has a particular distribution (large and small scale together). 

2.1.1 Riparian scale studies 

Baker (1989) and Baker and Walford (1995) considered scale in a riparian context and the 

influence on vegetation variation. Baker (1989) considered macro- and micro-scale 

influences on riparian vegetation, finding that some riparian communities were more 

influenced by micro-scale variables and others by macro-scale environmental variation. 

However, while Baker (1989) considered different scales of environmental variation, how 

results and their interpretation might vary over several different scales was not considered. 

Van Coller et al. (2000) considered spatial scale by combining gradient and patch hierarchy 

approaches. They concluded that the two approaches were complimentary, finding that the 

elevation gradient above the river channel was important and that the patch scale of 

geomorphic unit best explained vegetation pattern. The influence of scale of observation on 

results has also been investigated in the riparian zone with regard to forest cover and river 

detritus. Johnson and Covich (1997) found that when riparian forest cover was observed at 

different scales estimates of detritus varied, so that detritus was best predicted by forest cover 

over longer reaches compared to smaller scale sites. They advocated the use of a multi-scale 
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hierarchical sampling approach in order to understand the comparative importance of 

different influences, in this case, on detrital pattern. 

2.1.2 Scale and disturbance 

17 

Disturbance must be considered in relation to its spatial and temporal scale (Rykiel 1985; 

White and Pickett 1985). To this end, disturbances can be described by parameters such as 

extent, intensity, frequency and period (see Chapter 1) and may be considered in a 

hierarchical manner (Pickett et al. 1989). The watering regime and exposure to physical 

stresses, afforded by flooding, will influence a plant's location in the riparian zone. At the 

geomorphic unit scale ( small scale ), location will be associated with inundation period, flood 

frequency and similar, in addition to velocity, substratum erosion and sediment deposition 

conditions (e.g. Franz and Bazzaz 1977; Coetzee and Rogers 1991; Baker and Walford 1995; 

Battaglia et al. 1995; Nakamura et al. 1997). As the spatial scale is increased or broadened to 

river or riparian reach (medium scale), the disturbance attributes are in effect averaged, so that 

a flood is influenced by geomorphic shape and upstream tributaries, for example stream 

power (Bendix 1999) and discharge conditions (Gordon et al. 1992). At a larger scale, 

perhaps geographic location or a valley type, the river flooding impacts will be determined by 

the climate. By determining a scale that best describes species variation, and hence the 

disturbances that act at that scale, it may be possible to point to disturbances that impact on 

species distributions. 

2.1.3 Spatial scale and geomorphology 

Riparian vegetation has often been found to have a structure that is related to fluvial 

geomorphology (e.g. Hupp and Osterkamp 1985; Baker and Walford 1995; Van Coller et al. 

1997). Geomorphology represents important riparian process variables including hydrology 

(e.g. Franz and Bazzaz 1977; Baker and Walford 1995) and substratum type (e.g. Hupp and 

Osterkamp 1985; Nakamura et al. 1997). Geomorphology may therefore be an appropriate 

basis for determining scales of observation for studying riparian vegetation because of the 

strong links to vegetation distribution. 

Riverine scale classification schemes 

Physically, rivers are viewed as nested hierarchical systems. There are many hierarchical 

river classification schemes, one of the most frequently referenced is that ofFrissel et al. 
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(1986). This scheme, covering large (broader) to small (finer) scales, includes: the 

drainage basin or primary catchment; the stream system (e.g. one river compared to another); 

the segment system, referring to major channel discontinuities for example from glaciation, 

volcanism and large landslides; the reach system, referring to the section of a channel between 

smaller discontinuities such as a debris dam or boulder cascade; the pool/riffle system, which 

refers to the serial river variation between pools and riffles; and the microhabitat system, for 

example detritus patches, transverse bar over cobbles or moss on a boulder (see Table 2.1). 

Each of these scales is primarily delineated by in-channel variation rather than by variation 

outside the channel, for instance in the riparian zone. 

Table 2.1 . Four different hierarchically arranged scaling schemes, including the one used here. The scales are 
comparable across rows. The terms in brackets in the 'this study' column reflect how the variation at those scales 
was measured. 

Frissel et al. 1986 Wadeson and Rowntree Thoms and Parsons 2002 This study 
1994 

Drainage basin Catchment Catchment 
Stream system Zone River system River valley (Chapters 3 

&6) 
Segment system Segment Functional process zone Segment (site) 
Reach system Reach River reach Riparian reach (transect) 

Functional channel set 
Pool/riffle system Geomorphological unit Functional unit Geomorphic unit (plot) 
Microhabitat system Biotope Mesohabitat Mesohabitat (soil type, 

Cha ter 3) 

Some recent river scale schemes are open to consideration of riparian zone/floodplain 

variation. Wadeson and Rowntree (1994) have the same number of scales as Frissel et al. 

( 1986), except that they are defined slightly differently (Table 2.1 ). These scales include: 

catchment, which is the primary boundary of the stream under consideration; the zone, which 

is an area of homogeneous flood runoff and sediment production; the segment, which has 

boundaries delineated by tributary inflows where sediment and water discharge is similar; the 

reach, which is a segment lying between breaks in channel slope, valley side slope, valley 

floor width, riparian vegetation and bank substratum; the geomorphic unit, such as bars and 

pools; and the smallest, the biotope, which is determined by the geomorphic unit and also 

hydrologic and substratum conditions (Table 2.1 ). Thoms and Parsons (2002) suggested 

seven scales instead of six, which are more ecosystem based. The scales from largest to 

smallest are: the catchment; the river system; the functional process zone, which is defined by 

similar discharge and sediment regimes; the river reach, which are repeated lengths of similar 
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channel types; the functional channel set, which are ecological units associated with 

landforms, such as major cutoffs; functional units, which are characterised by an aquatic 

community that suggest habitat conditions; and meso habitats, which may change on an 

annual basis reflecting discharge and sediment conditions, for example, sand bars, gravel 

patches (Table 2.1 ). Despite the ready availability of scale delineation terms and schemes, 

none is specifically focused on a riparian context only. The study presented in this chapter 

made use of these schemes and modified them to have a riparian zone focus. 
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The terms used here to define scales place emphasis on riparian variation. The largest scale 

utilised for this chapter was the segment ( or site Table 2.1 ), which was similar to a category 

ofWadeson and Rowntree (1994). The sites (segments) were selected to represent changes in 

geology, slope of valley sides, river slope, riparian width and geographic progression 

downstream, which also includes climatic variation. Nested within a segment were riparian 

reaches (transects), representing changes in landform, dominant substratum and sequence of 

geomorphic units. Reaches were broken into geomorphic units and plots were placed across 

the riparian zone in each geomorphic unit. The consideration of geomorphic units in this 

Chapter is similar to that ofWadeson and Rowntree (1994) and Thoms and Parsons (2002). 

These units represented changes in slope, dominant substratum and vegetation, therefore 

ultimately representing variation in hydrological and sediment conditions during a flood 

(Wadeson and Rowntree 1994). Additional scales of variation, represented by soil 

mesohabitat and river valley, are considered in Chapters 3 and 6, (Table 2.1 ). The scales 

utilised for this thesis rely on a nested classification. 

2.1.4 Aims 

To gain an understanding of how the observation of the riparian zone at different scales might 

affect interpretation of species distributions, the composition of riparian vegetation 

communities is compared over multiple scales in this chapter. Specifically, how geomorphic 

attributes at different scales influence the detection of species distribution and relationships 

with environmental variables are investigated. A multivariate hierarchical study design was 

used to elucidate species and environmental patterns at three different riparian zone scales 

along an upland river. This chapter reports the results of a pilot field study that was used to 

define questions for further investigation and to improve methodology in subsequent chapters. 
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2.2 METHODS 

2.2.1 Sampling stratification and site selection 

The study was designed around three scales: the largest scale being the river valley segment 

(site); the medium scale the riparian reach (transect); and the smallest scale the geomorphic 

unit (plot), in which all vegetation observations were made (Fig. 2.1). Fifteen sites were 

observed on the Murrumbidgee River. The sites were selected to observe a range of different 

river segments including geology, slope of valley sides, river slope, riparian width, 

geographic position down the river and availability of nearby (within 1 km) vehicular access 

(Fig. 2.2). Sites were 1 km in length and were selected from topographic and geological 

maps. Transects were placed at right angles to the river channel in the middle of different 

riparian reaches within a river segment. The transects ran from the river edge to the base of 

the hill slope, although species sampling only took place in plots. Other than some general 

variables (see Table 2.2), transects were primarily used to stratify plot location. Plots of 5 x 

20 m were subjectively placed within each of the geomorphic units encountered across the 

riparian transect to best represent variation within the unit. The plots were not contiguous. 

The long side of the plot was parallel to the river. A plot was always placed on the river edge, 

with successive plots placed on, for example, the floodplain, flood runner channel, terrace and 

base of the hill slope (Fig. 2.1). 

Hill slope _ _.... 

Transe~:-:--~ ·------------------------------Site - 1 km 

◄ -------------------------· ,,....--
• 

••' ... •········ 

Riparian zone 

River 
Riparian zone 

Figure 2.1. Stylistic representation of a river valley cross-section demonstrating the riparian sampling scheme 
utilised for this thesis. Transect/s were placed across riparian reaches that were different within a 1 km site. 5 x 
20 m plots were placed within transects on each geomorphic unit encountered. Sites represented different river 
valley segments. The riparian zone was only sampled on one side of the river, although topographic cross-
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sections covered both sides. The base of the hill slope was sampled where there was still an indication of 
riparian species and previous flooding impacts. 
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Figure 2.2. The Murrumbidgee River study area, showing locations of the study sites for Chapter 2. Site names 
are listed in Appendix 1. Note, the site numbers for the same sites (and additional sites) are different in Chapters 
3 and 6 because the sites were sampled at a different time (see Appendix 1 for clarification). Sites initially 
sampled but not included in the analysis are not shown, hence the numbering set is incomplete. 
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2.2.2 Data collection 

Variables were measured that corresponded to each of the scales identified in the sampling 

stratification (Table 2.2). 

22 

A topographic cross-section along each transect was obtained using a Criterion 400 Laser 

Surveyor attached to a Corvallis Micro Technology data logger. The lowest point was taken 

as the edge of the river at water level, which was relatively constant over the three week 

sampling period (checked against instream flow gauged data for 30/1/96 - 16/2/96 sampling). 

The width of the river and riparian zone, river edge substrate type, aspect, land use and 

presence of mid-channel islands was recorded for each transect (Table 2.2). 

The presence/absence of woody species in each of the plots was noted and species identified 

using Harden (1990, 1991, 1992; Species list is shown in Appendix 2). Canopy cover was 

estimated using the visual comparison chart given in McDonald et al. (1990). Percent cover 

of shrubs, herbs, bare alluvium, rock and also litter cover were visually estimated ( total 100% 

for each strata/cover type). Within each plot soil texture was estimated at the surface and 

15 cm below the surface using the method of McDonald et al. ( 1990). 
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Table 2.2. Variables included in the statistical analysis. With decreasing scale, additional variables were 
included in addition to the variables at the larger measurement scale/s. Plot scale analysis included all variables, 
transect analysis included transect and site variables, and site analysis used only site scale variables. The 
different categories for each variable are italicised. 

SITE/VALLEY SEGMENT TRANSECT I GEOM ORPHIC PLOT/ GEOM ORPHIC UNIT 
SCALE REACH SCALE SCALE 
geology 

volcanic 
sedimentary 
metamorphic 

granitic 
limestone 
river steepness 
categories 1 (steepest) to 4 (least 

steep) 
altitude (m ASL) 
slope of valley sides 
landuse 
reserve 
grazing 
camping 

minor grazing 

2.2.3 Statistical Analysis 

number of geomorphic units in 
transect 

riparian width (m) 
river width (m) 
Aspect (more than one below 

category possible) 
south 
east 
north 
west 

presence of instream islands 
river edge substratum 
alluvial 
bedrock 
cobble 
pebble 

sand 
silty 
Reach type 
terraced 
bedrock platform 
simple, slope only 
complex floodplain 
simple .floodplain 

gorge 

presence/absence woody plant 
species 

distance to river (m) 
elevation above river channel (m) 
% slope 

unit length (m) 
slope between units 
geomorphic unit type 
slope 

terrace 
channel 
.floodplain 
hill slope 
bank 
soil type at surface (more than 

one below category possible) 
clay 
silt 
sand 
loam 
detritus 
co bbl e/pebbl e 
bedrock 
soil type 15 cm below surface 

(more than one below category 
possible) 

same categories as soil at surface 
% bedrock 
% bare particulate substratum 
% herbaceous cover 
% litter cover 
% canopy cover 

A number of variables were coded as binary variables (presence/absence), for example soil 

texture type, aspect and geology. These variables were categorised and coded as 1 or O for the 

relevant condition of the variable for example aspect: a north west aspect was coded as 1 for 

north and west and O for east and south. These extra sub-variables were in effect dummy 

variables. 
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Classification and ordination were used to investigate patterns in the multivariate data set 

using the PA1N (Version 3.6) statistical analysis package (Belbin 1992). Analyses of species 

were performed on the presence/absence data. For species presence/absence the Czekanowski 

coefficient was used for classification of sampling units by species. This association measure 

is suitable for the presence/absence data because it allows joint presences to contribute to 

similarity and ignores joint absences. For the analysis of species (sampling units as attributes) 

the Two-Step association measure was used because it avoids the problem of frequency bias 

(Belbin 1992). For the environment data, the problem of having multiple attributes generated 

from one variable was avoided by using the grouped association measures option (GASO in 

PA 1N) so that grouped attributes were weighted singly within the analysis. The Gower 

metric was used within GASO for the environment data, because it includes a range 

standardisation for attributes. The classification strategy was hierarchical and agglomerative 

using the flexible Unweighted Pair-Groups Arithmetic Averages (UPGMA) fusion strategy. 

Dendrograms and two-way tables were then produced to identify clusters. 

Ordination was used to elucidate relationships occurring between the species distribution and 

environmental characteristics. The ordination technique used was Semi Strong Hybrid 

Multidimensional Scaling (SSH); satisfactory stress for SSH was up to 0.2. Principal Axis 

Correlation (PCC in PA 'IN) was used to identify environmental attributes that were most 

related to variation in the species data. PCC is a multiple linear regression and enables 

attributes that are significant to be identified when more than two dimensions are required for 

the ordination. Following the PCC, Monte Carlo simulations (MCAO in PA1N; 100 

randomisations) were used to determine the significance of correlations from the PCC 

analysis for each attribute. 

This analysis procedure was followed for data sets at the three spatial scales: geomorphic unit 

(plot), riparian reach (transect) and river valley segment (site). Overall, 107 plots, 34 transects 

and 11 sites were included in the analysis. To make the results of the separate cluster 

analyses more comparable between scales, all clusters were defmed at the same level of 

dissimilarity, which was 0.65. At the larger scales (transect and site), smaller scale variables 

were excluded from the analysis, for example, elevation above river channel and soil type is 

not applicable to riparian reach or segment. The vegetation data for the larger scales were 

aggregated from the plot samples. 
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2.3 RESULTS 

2.3.1 Geomorphic unit scale (plot) 

Nine groups of plots were defined from the cluster analysis of species by plots (Table 2.3). 

Variation in species presence data was related to environmental variables through MCAO 

analysis, finding 23 variables to account for most of the structure in the species data (all to 

0.01 probability; Table 2.4). These two analyses allowed the nine groups of plots to be 

associated with defining species and environmental variables. Environmental and species 

patterns put together (Table 2.5) pointed to two main gradients at the plot scale; these were a 

lateral gradient, or cross riparian gradient, and a river longitudinal gradient, which reflected 

altitude (Table 2.5). 

Many of the significant environmental variables were correlated with other environmental 

variables. Most were obvious correlations, for example loamy surface soil was correlated 

with loamy soil at 15 cm below the surface (R=0.68; p<0.01). However, correlation between 

environmental variables did point to altitudinal gradients in river width, valley morphology 

and channel slope. River width tended to increase with decreasing altitude whereas valley 

side steepness tended to decrease (Fig. 2.2). River width was also correlated with geology, 

for example narrower river widths were negatively associated with the presence of volcanic 

(R=-0.22; p<0.05) or metamorphic geology (R=-0.19; p<0.05; Fig. 2.2); thus, river width was 

related to geology and could in tum be related to altitude (R=0.2; p<0.05), indicating an 

altitudinal gradient. Valley morphology and land use were also significantly correlated, so 

that when the river valley had steeper sides, land use was more likely to be a reserve (R=0.37; 

p<0.01) and the opposite for grazing (R=-0.32; p<0.01; Fig. 2.2). Thus, many of the variables 

significantly associated with variation in species data (Table 2.4) showed longitudinal 

variation, represented by an altitudinal gradient. 
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Table 2.3. Two way table of plots by species groups for the Murrumbidgee River. The top row shows the group number. Columns within each group are labeled vertically, with the 
site, transect and plot number each separated by'.' The first column shows species groupings. "*" indicates that the species was present,".'' indicates species was not present. 

Group 

Group 
A 

Group 
D 

Group 
C 

Group 
D 

Murrumbidgee River 
Mumnnbidgee River 
Site 
Site 
Transect 
Transect 
Plot 
Plot 
Cass;nia q11i11qr,efaria. 
Eucalyptus viminalis. 
Gynatrlx p11lche/la. 
Grev;f/ea jrmiperina. 
Acacia dealbata. 
Rosa n,biginosa. 
Callistemon sieberi. 
Salix fragilis. 
Lepfospermum obovatum. 
PnpuTus nigra. 
Eucalyptus camaldulensis 
K1mzea ericoides. 
Casuarina c1mntnghamiona 
Rub11s ulmifolius. 
Potnaderris en·«ephala. 
Eucalypt"s melliodora. 
Euca~n,tus brigesiana. 
Rrrbr,s parvifolius. 
Pim,s radiafa. 
Lomatia m.t,ico;des. 
Acacia rrrbida. 
Bursm1a Tasiophylla. 
Pomaderris cmgustifoUa. 
Cafyfrix tetragona. 
Con-ea rejlexa. 
Cal/itris endllcheri. 
Dodonaea viscosa. 
Brachychiton pop1tlne,is. 
Leucopogon attenahrs. 
Daviesia mimosoldes. 

1 
MMMMMMMMM 
BBBBBBBBB 
198888162 
2 ..... 3 .. 
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1 ..... 1. . 
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* ** * 
**** *** 
*** **** 
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Table 2.4. Averages of environmental variables significantly related to species distribution data at the plot level, 
from PCC and MCAO analysis (to the 95% level of confidence), for each of nine plot groups. Variables in italics 
are presence/absence type variables, where numbers quoted are average frequencies. Averages (Av) and 
standard deviation (SD) are given for the continuous variables. "-" indicates value not applicable because the 
variable is of binary type or the group (9) only had one plot. 

Group 1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8 9 9 

Av SD Av SD Av SD Av SD Av SD Av SD Av SD Av SD Av SD 

Plot elevation 1.8 1.2 4.0 1.8 2.0 2.3 3.0 1.9 1.4 0.9 5.3 1.0 0.8 0.2 3.4 3.2 1.0 -
Plot geomorphic unit type 

bank 0.9 0.0 1 0.2 0.4 - 0.0 - 1.0 - 0.5 0.0 -
Transect type 

channel 0.0 0.2 0.2 - 0.4 0.6 - 0.2 - 0.0 - 0.0 0.0 -
gorge 0.0 0.0 0.0 - 0.1 0.0 - 0.2 - 0.0 - 0.0 0.0 -
River width 33.6 14.0 43.3 19.1 46.4 17.6 65.3 22.0 83.3 20.9 51.4 35.6 80.8 12.4 149.3 27.5 41.0 -
rocky island 0.1 0.0 0.0 - 0.4 0.5 - 0.0 - 0.5 - 0.0 1.0 -
Land use 

gra=ing 0.2 0.3 0.2 0.2 0.5 0.4 0.0 1.0 1.0 

reserve 0.8 0.7 0.8 - 0.8 0.5 - 0.6 - 1.0 - 0.0 0.0 -
River edge substratum 

rocky 0.1 0.1 0.2 - 0.5 0.5 - 0.6 - 0.0 - 0.3 0.0 -
silty 0.1 0.2 0.2 - 0.0 0.0 - 0.2 - 0.0 - 0.0 1.0 -
% substratum cover 

bare 17.2 21.2 11.3 11.9 10.0 11.7 12.7 21.1 5.6 5.0 2.0 4.5 55.0 21.2 41.3 38.4 0.0 -
litter 5.0 10.0 8.7 14.5 5.0 8.7 10.4 16.6 38.1 30.1 5.0 3.5 15.0 7.1 5.0 7.1 0.0 -
Soil at surface 

loam 0.3 0.4 0.6 - 0.3 0.1 - 0.2 - 0.0 - 0.3 1.0 -
Soil 15 cm below surface 

clay 0.1 0.1 0.2 - 0.0 0.0 - 0.2 - 0.0 - 0.0 0.0 -
loam 0.3 0.4 0.4 - 0.2 0.1 - 0.0 - 0.0 - 0.5 0.0 -
Valley steepness 

site side 10.1 - 9.6 10.2 - 8.6 6.3 8.0 - 14.0 - 4.0 2.0 -
far side 11.8 - 10.3 9.2 - 9.3 6.8 - 9.6 - 9.0 - 9.8 3.0 

Geology 

volcanic 0.3 0.5 0.4 - 0.9 1.0 - 0.8 - 1.0 - 0.0 1.0 -
sedimentary 0.1 0.1 0.4 - 0.1 0.0 0.2 - 0.0 - 1.0 0.0 -
metamorphic 0.4 0.3 0.2 - 0.0 0.0 - 0.0 - 0.0 - 0.0 0.0 

limestone 0.1 0.1 0.0 - 0.0 0.0 - 0.0 - 0.0 - 0.0 0.0 

River 
steepness 
steepest 0.1 0.1 0.0 - 0.3 0.3 - 0.4 - 0.0 - 0.0 0.0 -
medium steep 0.7 0.6 0.6 - 0.4 0.1 - 0.2 - 0.5 - 0.0 0.0 -
medium to less 0.2 0.3 0.4 - 0.3 0.6 - 0.2 0.5 - 0.0 1.0 -
steep 
altitude 668.9 83.0 611.3 113.6 640.0 73.1 521.3 79.3 490.0 76.3 532.0 91.2 400.0 0.0 370.0 0.0 560.0 -
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Table 2.5. Descriptive summary of species common to classification groups and their associated environmental 
variables. Lateral position refers to position across the riparian zone and longitudinal position refers to position 
along the altitudinal continuum along the Murrumbidgee River sampling area. 

Group 

1 

Common species (Table 2.3) 

Callistemon sieberi, Leptospermum 
obovatum, Eucalyptus viminalis, 
Kunzea ericoides, Acacia dealbata 

Lateral 
position 
(Table 2.3 
and 2.4 
Close to 
river 
channel 

Longitudinal 
position 
(Fig. 2.2; 
Table 2.3) 
High altitude 

Common 
environmental 
characteristics 

able 2.4 
Steepest channel slope, 
steep valley sides, 
reserve land use, narrow 
river channel. 

.................................................................................................................................................................................................................•..... 

2 Acacia dealbata, Far from Fairly high High elevation above 
river channel. Eucalyptus viminalis, channel altitude 

3 
....... ~(}~Cl:f:.1:1:~inJgc,sf!, {f 7!.t7.z.eqe.~jCflcic!es 

Callistemon sieberi All on 
riverbank 

4 Casuarina cunninghamiana, Middle 
Kunzea ericoides riparian to 

. . .... ........... . ... ................. .................... ......... ..... ............................ ........... .. .. .......... ........ .. ..... ..... liill ~~?Pt: 
5 Casuarina cunninghamiana Close to 

river 

.................... ................................... .............. .. . ....................................... . 

6 Kunzea ericoides plus rarer species Far from 

8 

9 

from rocky areas channel 

. ··"···~···~··"····~ •'•· .... ···- "~ .. -.. -.• ~ 

Exotic Salix fragilis 

Eucalyptus camaldulensis, sometimes 
Casuarina cunninghamiana 

Acacia dealbata, 
Leptospermum obovatum 

All on 
riverbank 

Middle 
riparian to 
hill slope 

Bank 

2.3.2 Riparian reach scale (transect) 

Fairly high 
altitude 

Mid altitude 

Low elevation, reserve 
land use, loamy soil, 
sedimentary and volcanic 

. gt:?~?gy, 
Reserve land use, 
volcanic geology. 

Mid to upper High litter level, low 
elevation, volcanic 
geology ...................... . 

Mid altitude Gorge site, high levels of 
rock, volcanic geology, 
high -~l~yation. ·····-······· ____ . 

Low altitude Reserve land use, steep 
valley sides, high level of 
bare ground, volcanic 

............................... ··········· .. gt:()l()gy, lCl':Y ~l~yllti?1:1: 
Lowest Widest and least steep 
altitude river channel, grazing 
sampled land use, sedimentary 

. g~?l?gy: .. 
Mid altitude Grazed land use, loamy 

soil, valley sides not 
stee . 

Six groups of transects were defmed from the cluster analysis of species by transects 

(Table 2.6). Variation in species presence data was related to environmental variables 

through MCAO analysis, fmding seven variables to account for most of the structure in the 

species data (all to 0.01 probability; Table 2.7). The environmental and species patterns put 

together (Table 2.8) pointed to a river longitudinal gradient, which reflected altitude 

(Table 2.7 and 2.8). Other variables associated with species variation, such as river slope and 

channel width, were also associated with altitudinal position (Table 2. 7). 
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Table 2.6. Two way table of transects by species groups for the Murrumbidgee River study area. The top row 
shows the group number and the plot composition. Site and transect numbers are separated by a'-'. "*" indicates 
that the species is present, "." indicates species is not present. 

Group 1 2 3 4 5 6 
Murrumbidgee MMMMMMMM MMM MMMM MMMMM MMMMMMMMMMMM MM 
Murrumbidgee BBBBBBBB BBB BBBB BBBBB BBBBBBBBBBBB BB 
Site 19128888 112 2696 11357 223357433444 11 
Site 2-3----- 23- - - - - 23--- ------------ 55 
Transect -1-21423 --5 1122 --512 341421223134 - -

Transect 1 1 32 23 12 
Cassinia quinquefaria **** * . . . . 

Group Eucalyptus viminalis * * **** . . 
A Leptospermum obovatum ** ***** 

Grevillea juniperina * . . . .. . . . 
Gynatrix pulchella * * 
Populus nigra * . . . 
Lomatia mvricoides * 
Acacia dealbata ******** * **** ** 

Group Callistemon sieberi *** * ** *** **** 
B Salix fragilis **** ** * **** 

Kunzea ericoides ** **** *** **** ***** ************ * 
Rosa rubiginosa ****** *** * * ******* .. 
Acacia rubida * * * * . . 

Group Acacia siculiformis * . . 
C Daviesia mimosoidea * * .. 

Leucopogon attenuatus * .. 
D Braclrychiton populneus * . . 

Eucalyptus camaldulensis .. ** 
Casuarina cunninghamiana * *** ************ ** 

Group Rubus ulmifolius * ***** ** 
E Pomaderris eriocephala * 

Eucalyptus melliodora . . * . . 
Eucalvptus bridgesiana * 
Calytrix tetragona * ** . . * * 

Group Bursaria lasiophylla * *** * * 
F Callitris endlicheri ** * .. * 

Pomaderris angustifolia *** * .. 
Dodonaea viscosa ** .. . * 
Correa rejlexa * * 
Rubus parvifolius * . . . . . 
Pinus radiata . . * 
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Table 2.7. Averages of environmental variables significantly related to the structure in species distribution data, 
from PCC and MCAO analyses (to the 95 % level of confidence), for each of the transect or site groups. 
Variables in italics are presence/absence type variables, where numbers quoted are average frequencies. 
Averages (Av) and standard deviations (SD) are given for the continuous variables. "-" indicates value not 
applicable. 

group 1 1 2 2 3 3 4 4 5 5 6 6 
Av SD Av SD Av SD Av SD Av SD Av SD 

TRANSECT SCALE 
riparian width 37.9 34.8 48.0 22.1 52.3 23.9 38.0 16.4 46.3 22.0 44.5 37.5 
river width 31.7 13.6 63.0 8.7 37.3 19.0 71.0 13.3 74.7 17.6 135.5 38.9 
No. geomorphic units 2.4 0.5 3.3 1.2 3.8 1.0 3.0 1.0 3.9 2.1 3.5 2.1 
altitude 681.3 79.4 620.0 52.9 572.5 12.6 530.0 125.7 490.0 67.7 370.0 0.0 
metamorphic 0.5 0.0 0.0 0.0 0.0 0.0 
limestone 0.1 0.0 0.0 0.0 0.0 0.0 
river steepest 0.0 0.0 0.0 0.0 0.0 1.0 
SITE SCALE 
altitude 628.2 36.9 447.5 70.89 370 
River least steep 0.00 - 0.00 1 

Table 2.8. Descriptive summary of species common to transect classification groups and their associated 
environmental variables. Longitudinal position refers to position on the altitudinal continuum along the 
Murrumbidgee River sampling area. 

Group 

1 

Common species (Table 2.6) 

Eucalyptus viminalis, 
Leptospermum obovatum, 
Ca/listemon sieberi, 
Acacia dealbata, 
Kunz ea ericoides, Salix fragilis, 

Longitudinal position 
(Fig. 2.2; Table 2.7) 
High altitude 

Common environmental 
characteristics (Table 2.7) 
Narrowest riparian and river 
width, few geomorphic units. 

____ Rosa rubinigosa. ...................... ...... ................................. ......... ........................... ..... . ............................ . 
2 

3 

Callistemon sieberi, 
Kunzea ericoides, 

. _ Rosa.rubiginosa .... 
Callistemon sieberi, 
Kunzea ericoides and 
Acacia dealbata plus rarer species 
from rocky areas - highest species 
richness. 

Fairly high altitude 

Mid altitude 

More geomorphic units than 
Group 1. 

Wide riparian width, high 
number of geomorphic units. 

, v.-,·,w,W,~e~,•,~w,-·.w,~-•-••-"•W••-•,w------- -•-W••=-•~,•-••v•••=·=•·=•-w-w,-•.--,~-•.-.m-•,=w,_e_,_,,_,w __ , __ ,,"·•w - •-••-•;e,-·,., ---

4 dominated by Kunzea ericoides Fairly low altitude Narrow riparian zone . 

...... . alsoSalfyfragilis ..... .................... . 
5 Casuarina cunninghamiana and Mid to low altitudes Highest number of 

Kunz ea ericoides. .................... .... .. ........ ..... ......... .......... ........ ........... ........................... .. .............. . . . geomorphic units. 
6 Eucalyptus camaldulensis (only in Lowest altitude Widest river channel and 

this group) and flattest channel slope. 
Casuarina cunninghamiana. 
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2.3.3 Segment scale (site) 

Three groups of sites were defined from the cluster analysis of species by sites (Table 2.9). 

Variation in species presence data was related to environmental variables through MCAO 

analysis, finding two variables to account for most of the structure in the species data ( all to 

0.01 probability; Table 2.7). The environmental and species patterns put together 
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(Table 2.10) pointed to a river longitudinal gradient, with species reflecting altitude (Table 2.7 

and 2.10). Other associated variables, such as river slope and channel width are also 

associated with altitudinal position (Table 2. 7). 

Table 2.9. Two way table of sites groups by species for the Murrumbidgee River study area. The top row shows 
the group number and the site composition. "*" indicates that the species is present,"." indicates species is not 
present. 

Group 1 2 3 

Murrumbidgee MMMMMM MMMM M 
Murrumbidgee BBBBBB BBBB B 
Site 181296 3754 1 
Site 2 3 5 

Cassinia quinquefaria * * .. . . . . 
Acacia siculiformis * . . . . .. . . 

Group Grevillea juniperina * .... . . . . 
A Gynatrix pulchella ** . . . . . . . . 

Eucalyptus viminalis *** ... . ... 
Populus nigra * . . . . . . ... 
Lomatia myricoides * . . . . . . . . . 
Eucalyptus mellidora * . . . . . . . . . 
Euca/vptus brid~esiana . . * . . . . . . . 
Acacia dealbata ****** ** 
Salix fragilis ****** *** 

Group Kunzea ericoides ****** **** * 
B Rosa rubinigosa ***** **** 

Acacia rubida * . . ** .... 
Callistemon sieberi ****** .... 
Leptospermum obovatum ** ** .... 
Calytrix tetragona . . . * * ** .. 
Bursaria lasiophylla *** * * . . . .. 

Group Pomaderris angustifolia *** ... * . . . 
C Callitris endlicheri * * * . . . .... 

Dodonaea viscosa ** .... * . . . . 
Correa rejlexa . . . * * .. ... 
Casuarina cunninghamiana * .. **** * . . . 
Rubus ulmifolius * .. *** . . . 
Rubus parvifolius . . . * . . ... . 
Pinus radiata . . . * . . .... 

Group Brachychiton populneus . . ... * . ... 
D Leucopogon attenuatus * .... . . . . . 

Daviesia mimosoidea * . . . * .... 
Group Eucalyptus camaldulensis . . .. . * ...... 
E Pomaderris eriocephala * . . .... . .. 
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Table 2.10. Descriptive summary of species common to site classification groups and their associated 
environmental variables. Longitudinal position refers to position along the altitudinal continuum of the 
Murrumbidgee River sampling area. 
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Group Common species (Table 2.9) Longitudinal position and other environmental 
characteristics (Fig. 2.2; Table 2.7) 

I Acacia dealbata, Kunzea ericoides, 
* Eucalyptus vimina/is, 
*Leptospermum obovatum, 

.... . ... ............ .. .. ....... ~9qlli!ltf!11JO,Y sJeJJf!ti 3:11d. ~~()tic.JjaJ~frqgili.~ 
2 Kunzea ericoides, Rosa rubiginosa and 

.......................... Casuarina .cunninghamiana 
3 Eucalyptus camaldulensis 

'*' indicates species found only in that group 

2.3.4 Comparison between scales 

Highest altitude 

Mid altitude 

Lowest altitude, lowest channel slope, headwaters 
of Burrinjuck Dam 

Comparing differences in classification group membership between different scales, based on 

species, produced several recombinations of plot groups at the transect scale: plot groups 1 

and 2 formed transect Group 1; plot groups 3 and 4 combined to form Group 2; plot groups 2, 

3 and 6 combined to form Group 3; plots in groups 4 and 7 formed Group 4; plot groups 2, 4 

and 5 formed Group 5; and plot groups 6 and 8 formed transect Group 6 (Table 2.11). Of the 

plot groups, groups 2, 4 and 6 to 9 lost most plots to different transect groups; Group 4 lost 

80% of plots to other groups at the transect scale; and Group 3 lost 81 % of plots to other 

groups at the transect scale. Thus, groupings were reorganised as scale was increased from 

the plot to transect scale, which would be expected given the decreased number of units in 

each analysis as scale was increased. Those plots that moved greater than one group away 

from the original plot group are of greatest concern because they reflect a reorganisation of 

the sampling units; for example, 22 % of plots in Group 4 were moved more than one group 

away in the transect analysis and contribute to four transect groups (Table 2.11 ). Therefore, 

species associations at the sampling unit scale are separated and reorganised into groups with 

different associations. 

At the site scale, transect groups 1, 2, 3, 4, 5 and 6 recombined in different orders to form 

groups 1, 2 and 3. The exception is that transects in Group 1 stayed in Group 1 at the site 

scale (Table 2.11 ). There were some plots and transects that consistently remained in the 

same group. For example, sites 9 and 8 were in Group 1 at the plot, transect and site levels; 

site 8 remained in Group 1 at all scales; and plots in Group 5 stayed intact from the plot to 
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transect scale (Table 2.11 ). Thus, groupings were mostly reorganised as scale was 

increased from the plot to site scale. 

Group characteristic species alter with increasing scale (Table 2.12). There is considerable 

similarity between species of Group 1 in the plot and transect scales, and plot Group 8 to 

transect Group 6 (Table 2.12). However, the remainder of the plot species groups become 

mixed with increasing scale (Table 2.12). The group characteristic species from the transect 

to site scales do not change much, rather they are combined so that transect groups 1, 2 and 3 

form site Group 1; transect groups 4 and 5 form site Group 2; and transect Group 6 is site 

Group 3 (Table 2.12). Therefore, characteristic species at the plot scale are fairly different to 

the transect and site scales, while characteristic species at the transect and site groups are 

similar. 

Compared to at the plot level, some less common species became more important in the 

analysis as their occurrences, relative to all other species, increased when plot data were 

aggregated at increasing scales. For example, Bursaria lasiophylla, Callitris endlicheri, 

Dodonaea viscosa and Rubus ulmifolius all increased in relative frequency with increasing 

scale (Table 2.13). These species are present in several sites, though not necessarily at many 

plots within one transect or site; this consequently increased their relative frequency with 

increasing scale. Therefore, by increasing spatial scale, but decreasing spatial resolution the 

relative importance of less common species can increase. 

Another issue is the decrease in importance of some species in classification analysis with 

increasing scales. For example, Eucalyptus viminalis was important at the plot and transect 

scale, but decreased in frequency at the site scale (Tables 2.12 and 2.13). Similarly, 

Leptospermum obovatum was important at the plot scale, but decreased in relative frequency 

with increasing scale (Table 2.13). 

At the transect and site scales of definition, locational variables became more important in 

discriminating between species groups; that is, riparian and river width, altitude and river 

steepness at the transect scale and altitude and channel steepness at the site scale 

(i.e. Table 2.4 compared to Table 2.7). This gradient was indicated for the plot level but 

became clearer at the transect and site scales. 
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Table 2.11 . Comparison of sampling unit classification groupings at different spatial scales. "Into .. ... group No." 
indicates the group into which each plot or transect moved at the next larger spatial scale of classification. 
Entries that are in italics indicate that the entry was not present in the classification group at the adjacent smaller 
scale. Shaded entries indicate that the entry was not present in the classification group at the next larger scale. 

Group Plot Plot Transect Transect Site 
No. ⇒ Into transect ⇒ Into ⇒ Into site ⇒ Into groups 
(could group No. (cont.) transect group No. (cont.) site contain 
be any group group sites: 
scale) No. 
1 MB 12 1 1 1 MB8_3_1 1 MB12 1 1 MB8_1 1 MB12 

MB9_1_1 1 MB13_1_1 1 MB9 1 1 MB8 4 1 MB8 
MB8_2_1 1 MB6_2_1 3 MB13_1 1 MB8_2 1 MB13 
MB8_1_1 1 MB2_2_2 1 MB2_2 1 MB8_3 1 MB2 
MB8_ 4_1 1 MB9 

MB6 
2 MB12_1_2 I MB2_1_3 3 MB12_3 1 MB3 

MB9_2_2 3 MB6_2_2 3 MB13_2 1 MB7 
MB2 1 4 3 MB8 1 2 I MB2_5 I MB5 
MB9_1_2 I MB8_2_2 I MB4 
MB5_2_2 5 MB13_1_2 I 
MB7_1_3 5 MB8_4_2 I 
MB13 2 2 2 MB8 2 3 I 
MB2 1 2 3 MB8 3 3 I 

3 MB12_3_1 2 MB9 2 1 3 MB2 1 1 MB6 2 1 MB15 
MB2 1 1 3 MB12_1_3 1 MB6_1 1 
MB13 2 1 2 MB9 2 1 

4 MB12 3 2 2 MB4 2 1 5 Ml312_2 1 
MB13_2_4 2 MB4 2 2 5 MB13_3 1 
MB12_2_2 4 MB4_2_5 5 MB3_5 2 
MB13_2_3 2 MB4_2_7 5 MB5_1 2 
MB13 3 2 2 MB4_3_3 5 MB7_2 2 
MB13_3_3 2 MB4 4 1 5 
MB3_4_2 5 MB4 4 2 5 
MB3_5_2 4 MB4 4 3 5 
MB3_5_4 4 MB5_1_2 4 
MB4_1_5 5 MB5_1_4 4 
MB4_1_6 5 MB7_1_2 5 
MB4 2 8 5 MB3 1 1 5 
MB4_3_2 5 MB3_3_1 5 
MB5_1_3 4 MB3_5_3 4 
MB6_1_1 3 MB3 5 1 4 
MB13 3 1 4 MB2_3_6 5 
MB3_1_2 5 MB2_5_3 2 
MB3_2_2 5 MB3_1_3 5 
MB2_3_1 2 MB2_4_4 5 
MB2_3_3 2 MB3_4_3 5 
MB2_3_4 2 MB2_5_1 2 
MB2_5_2 2 MB7_2_2 4 
MB3_2_1 5 MB4_2_3 5 
MB3_3_2 5 MB4_2_4 5 
MB3_4_1 5 MB2_5_4 2 
MB4_1_3 5 MB6_1_2 3 
MB4 1 4 5 MB6 1 4 3 

5 MB2_3_2 5 MB4_1_2 5 MB2_3 1 MB7_1 2 
MB2_3_5 5 MB4_3_1 5 MB2 4 1 MB4 2 2 
MB2 4 2 5 MB5 2 1 5 MB3_1 2 MB3 2 2 
MB2_4_3 5 MB7_1_1 5 MB3_4 2 MB3_3 2 

MB5_2 2 MB4_1 2 
MB4 3 2 MB4 4 2 

6 MB15_1_2 6 MB9_2_3 3 MB15_1 3 
MB6 2 3 3 MB6 1 3 3 MB15_2 3 
MB2_1_5 3 

7 MB5 1 1 4 MB7 2 1 4 
8 MB15 1 1 6 MB15_2_2 6 

MB15 2 1 6 MB15 2 5 6 
9 MB2 2 1 1 
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Table 2.12. Key species (occur in 50% or more sampling units) identified for groups at different scales. 
'C. cunninghamiana' = Casuarina cunninghamiana 

Group Plot species Subsumed Transect species Subsumed Site species 
No. primarily primarily 

into this into this 
next next 
larger larger 
scale scale 
groue groue 

1 Kun=ea ericoides, 1 Eucalyptus viminalis, 1 Acacia dealbata, 
Acacia. dealbata, Leptospermum obovatum, Salix .fragilis, 
Leptospermum obovatum, Acacia dealbata, Kun=ea ericoides, 
Eucalyptus viminalis, Callistemon sieberi, Rosa rubinigosa, 
Callistemon sieberi, Kun=ea ericoides, Callistemon sieberi, 
Salix .fragilis Salix .fragilis Leptospermum obovatum + 

various shrubs and trees 

2 Acacia dealbata, various Callistemon sieberi, 1 Salix .fragilis, 
Kun=ea ericoides Kun=ea ericoides, Kun=ea ericoides, 

Rosa rubinigosa Rosa rubinigosa, 
C. cunninghamiana, 
Rubus ulm/{olius 

3 Callistemon sieberi various Acacia dealbata, 1 Kun=ea ericoides, 
Callistemon sieberi, Bursaria lasiophyla, 
Kun=ea ericoides, + Callitris endlicheri, 
various shrubs Dodonaea viscosa, 

C. cunninghamiana, 
EucalJ!(!_tUS camaldulensis 

4 Kun=ea ericoides, various Salix jragilis, 2 
C. cunninghamiana Kun=ea ericoides, 

C. cunninl!_hamiana 

5 C. cunninghamiana various Kun=ea ericoides, 2 
Rosa rubinigosa, 
C. cunninghamiana, 
Rubus ulmif!?lius 

6 Kun=ea ericoides + various various Eucalyptus camaldulensis, 3 
shrubs C. cunning_hamiana 

7 Salix .fragilis 

8 Eucalyptus camaldulensis, 6 
C. cunninghamiana 

9 Leptospermum obovatum, various 
Acacia dealbata 
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Table 2.13. Percent species relative frequency of occurrence for each scale sampling unit group. Tran. is shortened from transect. 

Species 1~:;7 ::.Tj: :~:=~ -i':' {~"'_ :'°' I::·· r·' :r 1r·· :°' 1r" r~ ~,~ i'=~1r 1r-r~-r !~re t -
i 1plots --'----------'----'-----------'------L__- _1 

Acaciadealbata 22 28 17 I 67 100_ ~ _ _l o __ ~ 20 0 __ 0 ~ _ 100 __ 33. __ 1100 0 j.!2__ 0 _. _ _ :too -~Q _ _ _Q 
Acacia rubida 8 8 6 11 19 0 jo O 40 0 0 0 25 0 50 0 0 10 50 0 O 
Brachychiton populneus 2 3 2 --- --·-o 0 0 0 0- 20 --· 0-- 0--- 0 ··-- 0 0 25 0 0 0 - 17 0 0 

~;,;;;;::::o:::~a - ~~ {i- · H····+ ~8 !3 
~oo !! ~- ·!i···-·· i ! ,~ -·-~~-~o ;~o ~o l··· ··· ·l2 ··-·· ·i~o···· ~?. ........ ·t 0 

~::;:: :::;:.' ; :~ _ ¼'_: f ~ ~- :::rJ; -r::::,~: -T ~ j~ . ~ ;, ;~ ~_()__ ~ r~• -~F-= ~~::::: ~ili>:::: 
§ ssinia quinquefaria 5 8 i __ _ . 11 13 25 ,o _ 0 Jo 0 _ 0 -····-·!0_ ,.50 0 25 0 Q 0 33 0 0 

E[Z.~E.:::•mi••· i~-r -:~- t i--I -i°--t : f--\-=!!=:H,: r h ~r f° f -ii--¼~- f 
il~?:~ r~ -r~~F- i r=t 1~-i-·-·-~~r -:1~1~-'i i: -[ 1~:=t=1~i: ~--1: 
Eucalyptusviminalis 9 8 6 44 31 0 2 0 0 0 0 0 75 0- 0 0 0 0 50 - 0 ~ 
Grevilleajuniperina 1 1·······2 11 o······· o O ·· o ·o··········· ·o········(if······· ·o···· 13 0 0 0 ·o·····o 17 0 0 
Gynatrixpulchella 1 3 ······4· ··•··················· 11 ·o·········· o·······i'·· --· 1f····o··· ·•· o O o·--··· 25 0 0 ....... 0 ............ 0 ................. 0 .. 33 0 ·o 
Kzmzea ericoides ___ !42 58 33 56 61f .... 50 100 0 100 0 0 0 .......... 75 !too foo··· ioo ·· ·· 100 50 ioo 100 100 

~[f :~: -r -r---l- rr ~-=i== cir l r r~1f =:=l==1~=:i--= r~ r~ L-i 
;;:,::::;ioc,phala .~ : ½- ~ I ~ ::: r = ¾= ~-=,:--~:=¾-1~ -i~, I~ t--~ ~ ~ ~ ~7 ~' ¼-
Rosa rubiginosa 26 -_ l_l ~-= =-=.. _i±._ 50 25 16 0 0 0 _ _2_ _ ;100 -1·75 - 100 50 ~O __ -- 58 0- - 83 WO O 
Rubusparvifolius 1 3 2 0 ~ ........ 0 0 9.... 'O O O i? ........... .) O O 2~ .... 9-. ............ .. ~ ................ 0 17 .2 ........... . .2.. 
Rubus ulmifolius 3 9 10 0 13 0 15 0 0 0 0 0 iO O O \20 58 0 17 75 O 
Salixfragilis J20 ......... 20 19 I 78 0 0 4 .......... .. if ........... 1i'i' . . .. foo O jo j75 0 ... ·25 j80 0 0... .. Tifo ... 75 O 
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2.3.5 Species gradients 

The most common woody plant species in the Murrumbidgee River sampling area were 

Kunzea ericoides, Casuarina cunninghamiana, Acacia dealbata and Callistemon sieberi 

(Table 2.3). Two gradients were observed in vegetation distribution: longitudinal and lateral. 

The river longitudinal gradient can be summarised on an altitudinal axis (Fig. 2.3). This 

gradient found E. viminalis to be the dominant riparian tree in the upper reaches of the study 

area with the shrubs L. obovatum, A. dealbata, K. ericoides and C. sieberi. m the middle 

reaches C. cunninghamiana becomes dominant, with shrubs including K. ericoides, 

A. dealbata and rarely C. sieberi. m lowest altitude sites E. camaldulensis was found with 

C. cunninghamiana and K. ericoides (Fig. 2.3). This altitudinal gradient was present at all 

three scales (see Tables 2.4 and 2. 7). 

The gradient in relation to elevation above the river channel (lateral gradient) found C. sieberi 

to be closest to the river, followed by L. obovatum and C. cunninghamiana. m comparison 

K. ericoides, E. viminalis and A. dealbata were found at higher elevations above the river. 

E. camaldulensis was found at the highest elevations, although this species was found at a 

range of elevations (Fig. 2.4; Table 2.3 and 2.4). 
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Figure 2.3. Frequency of riparian species occurrence for each of the study sites on the Murrumbidgee River. A) 
tree species; B) shrub species. 
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2.4 DISCUSSION 

2.4.1 Influence of the scale of observation on result interpretation 

Changing species relative importance - does this indicate the presence of landscape 

filters? 

40 

The scale of observation affected the results reported in this chapter; species groupings 

changed at different scales (Tables 2.11 and 2.12), probably because species' relative 

importance changed. For example, some of the rarer species became more important to the 

classification with increasing spatial scale; for example R. ulmifolius and D. viscosa were not 

important at the plot scale but became important at the transect and/or site scales (Tables 2.12 

and 2.13). Changing importance was because they occur in many sites but few plots within a 

site. In addition, some species important at smaller scales become less important at larger 

scales. For example, E. viminalis was important at the plot and transect scale but was lost at 

the site scale because it occurred in a few high altitude sites but multiple plots and transects in 

these sites (Tables 2.12 and 2.13). The differing importance of species with changed scale is 

important to result interpretation, for example neither R. ulmifolius nor D. viscosa are obligate 

riparian species while E. viminalis is an obligate ( occurs only in the riparian zone) riparian 

species. 

The alteration to species relative importance at different scales could be put down to a 

statistical artifact because larger scales represent larger sampling area, thus you would expect 

there to be differences. However, another way of considering these patterns might be in terms 

oflandscape filters (Poff 1997). Poff (1997) proposed that habitat parameters at 

corresponding scales act as filters upon species with given functional attributes or traits so 

that habitat variation at larger scales influences species distribution at smaller scales, hence 

constraining species distribution. Species traits were not considered in this chapter, although 

environmental variables that act at different scales are still applicable to individual species 

that were considered here. With the examples considered above, a delineation was drawn 

between the species - that of an obligate riparian species compared to non-obligate species. If 

landscape filters represent a valid hypothesis, the distribution of E. viminalis appears to be 

constrained by segment ( or site) scale filters, because E. viminalis was much reduced in 

importance at the site scale while being important at the unit (plot) and reach (transect) scales 

(Tables 2.3, 2.6, 2.9 and 2.13); hence the distribution of E. viminalis is constrained by large 

scale filters. The filter at this scale is most likely related to altitude (Table 2. 7), hence 
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climate. On the other hand, R. ulmifolius and D. viscosa appear to be more important at the 

segment and reach scales, which indicates the importance of smaller scale filters in 

constraining their distribution; such smaller scale filters include flooding and substratum. 

Species distribution can also indicate the presence of filters. C. sieberi was usually found on 

the river bank and at higher altitudes (Figs. 2.3 and 2.4) indicating the importance of both a 

small scale filter, which may be access to water, and also a larger scale filter such as climate. 

In addition, C. cunninghamiana was found across the width of the riparian zone, but not at 

higher altitudes (Figs. 2.3 and 2.4) suggesting the importance of a large scale filter, which 

may be climate, but not a small scale filter. The landscape filter hypothesis appears to be a 

valid framework in which to assess species differences over several scales in a riparian 

situation and would be worth further investigation. 

Riparian vegetation gradients influence results 

The gradient of variation, which a spatial scale can represent, can influence observation of 

species variation. Ward (1989) proposed four dimensions that apply to lotic systems. These 

gradients were longitudinal, from upstream to downstream, lateral, from river to floodplain, 

vertical, from the surface to groundwater and temporal, which is change over time. Despite 

the main subject of Ward (1989) being macroinvertebrates, these dimensions have clear 

applicability to riparian ecosystems. Baker and Walford (1995) suggested that riparian 

ecosystems exhibit pattern at four spatial scales: between water sheds; along longitudinal 

zonation in a watershed; along a river reach; and across a valley cross section. Van Coller et 

al. (2000) found the lateral gradient, particularly elevation above the river channel, to account 

for vegetation pattern in South Africa. It was suggested that the important process variables 

for that study were flooding and water availability. In addition, the geomorphic unit scale of 

variation was found to account for most vegetation variation. 

Working at three different scales, the present study revealed longitudinal and lateral gradients. 

Observations at the geomorphic unit scale exhibited lateral and longitudinal gradients in 

vegetation pattern, while the reach and segment scales highlighted only a river longitudinal 

gradient (Tables 2.5, 2.8 and 2.10). Therefore, the segment and reach scales had similar 

species groupings because these larger scales account for the same gradient (Tables 2.12 and 

2.13); in this case the reach compared to segment scale provided slightly more resolution in 

terms of species and environmental correlates, but they provided essentially the same or 

similar information. This study captured two important gradients of riparian species 
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distribution, so choice of analysis scale influences results because of the gradients of 

variation that a scale can capture. 

The two obvious species gradients found in the riparian zone at different scales reflected 

gradients in some physical attributes of the environment. The large scale gradient was 

longitudinal in vegetation and environmental conditions found along the length of the upper 

Murrumbidgee River (Tables 2.4 and 2. 7). The gradient was recorded as variation in altitude, 

geology and river width (Table 2.4). River channel width increased with distance 

downstream, which is usual (Gordon et al. 1992). Geology is partially responsible for other 

environmental variation along the gradient, such as valley and river channel landforms. 

Geology was also significantly related to the structure in the vegetation at the plot level 

(Table 2.4). The longitudinal gradient was indicated by marked variation in tree species 

distributions (Fig. 2.3). The gradient would be expected to be at least partially a result of 

climatic variation, perhaps temperature (e.g. Eucalyptus rnannifera, Austin et al. 1983). Thus, 

the indirect variable of altitude reflected change in some aspects of the physical environment 

as well as plant species, but could not be used to determine the direct process variables 

affecting vegetation distribution (Table 2.4). 

The second species gradient, which occurred at the smallest or unit scale took the form of a 

cross-riparian gradient related to elevation above the river channel (Table 2.3; Fig. 2.4). This 

pattern could be from a number of factors including substratum variation, which often shows 

a cross-riparian gradient (e.g. Coetzee and Rogers 1991; Nakamura et al. 1997) or most likely 

variation in hydrology (e.g Franz and Bazzaz 1977; Baker and Walford 1995; Battaglia et al. 

1995; Battaglia et al. 2002). This leads to the expectation that the cross-riparian gradient 

found might be from differences in the flood disturbance regime at points across the riparian 

zone. 

Further considerations from a rnultiscale analysis 

The results at the smallest scale, the geomorphic unit scale (plot), included most process 

related information in terms of environmental associations. For example, several plot groups 

had an affinity for certain elevations above the river (e.g. groups 2, 3, 6 and 7, Table 2.3) and 

elevation is a geomorphic unit (plot) scale variable. Elevation above the river is a surrogate 

variable for hydrologic condition and has previously been correlated with vegetation 

differences (Franz and Bazzaz 1977; Baker and Walford 1995; Battaglia et al. 1995). 
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Therefore, observations at smaller scales can include hydrological information in addition 

to other process variables such as soil type which are not gathered at larger scales (Table 2.4 

compared to Table 2.7). Ultimately the scale at which observations take place is an issue of 

study objectives. For example, determining the species richness of the riparian zone does not 

require knowledge of elevation above the river edge. However, if understanding is to be 

gained about the impact of changes to the flood regime on species, then the geomorphic unit 

scale or similar is needed because this enables extrapolation to hydrological characteristics. 

Collection of riparian vegetation information at a smaller scale, regardless of the desired 

outcomes, would be advisable because information can later be aggregated ( scaled up) for 

other purposes at larger scales. 

Comparison of different scales can also allow generalisations to be made about the spatial 

extent that a vegetation type or species occupies (e.g. O'Neill et al. 1991). For example, if a 

vegetation type is present at all scales, then this community could be assumed to exist in 

patches of larger size because the type still exists at the largest scale. Throughout the 

different scale analyses groups 1 and 5 have essentially remained the same (Tables 2.3, 2.6, 

2.7 and 2.11). This indicates that if the species present in these groups are present in a plot, 

then that assemblage is likely to dominate for the width of the riparian zone (transect) and for 

at least 1 km (site) along the river. Thus, C. cunninghamiana, which is almost the sole 

species in Group 5 (Table 2.3), is likely to dominate the riparian zone if present because 

Group 5 remains intact across three scales of the statistical analysis. Consideration of spatial 

variance could serve to identify more precisely the scale/s over which individual species vary 

(see Wiens 1989), which was not within the scope of this study. Nevertheless, by determining 

the scales at which a vegetation type remains intact as a group will give an excellent 

indication of the patch size that a community or species occupies. 

Resolution - what do you want to know? 

The aggregation of data for larger scale analysis may result in loss of information about 

vegetation types that occur in smaller patches. The scale of observation affects the 

composition of species groups; this is indicated by the combination of dissimilar groups at 

larger scales of definition. For example, Group 3 at the transect scale is made up of plots 

from groups 1, 2, 3 and 6 (Tables 2.11 and 2.12), resulting in a transect group dominated for 

example by C. sieberi, K. ericoides and A. dealbata (Table 2.6). The unfortunate 

consequence of this recombinationis the loss of information about C. sieberi occurring very 
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close to the river and K. ericoides and A. dealbata much further back (Fig. 2.4). The 

combination of plot level data to form transect level data may cause smaller scale species 

variation information to be lost, which may be important when attempting to determine 

environmental process variables that affect species distribution. 

Fewer environmental process variables are defmed with increasing scale. At larger scales, 

indirect variables such as altitude were important when comparing environmental variation to 

the structure in the species data (Table 2. 7). The meaning of large scale variables such as 

altitude, are too indirect to point to specific processes ( e.g. temperature) that may influence 

vegetation dynamics at a local level. Many reach (transect) and segment (site) scale variables 

were found to be important at the unit (plot) scale (e.g. altitude), but variables applicable to 

the small scale, such as soil type and elevation above the river, cannot be applied at larger 

scales. These smaller scale variables can have direct effects on the vegetation. This 

observation confirms that as the grain of observation increases or become coarser there is a 

corresponding loss of the finer scale system information (Wiens 1989). Therefore, the 

objectives of the study must be clearly defined at its outset to ensure that data are collected at 

a scale capable of providing the desired information. 

2.4.2 Relevance of geomorphology for choice of scale 

Associations between vegetation and geomorphology (Tables 2.4 and 2. 7) suggest that 

geomorphic scales were appropriate for investigation of riparian vegetation. Much of the 

theory for objectively defming the suitable scale for observation focuses on a single species 

approach (e.g. Kotliar and Wiens 1990), which is a problem when the object of interest is a 

community and to determine the best scale would require considerable investigation of 

individual species. Ver Hoef and Glen-Lewin (1989) developed a method by which species 

community data could be considered over several scales. However, this method considers a 

series of contiguous plots, which was not feasible when comparing different locations along 

the riparian zone for this study. fu previous studies geomorphology has been found to 

influence riparian vegetation distribution (e.g. Hupp and Osterkamp 1985; Duncan 1993), 

hence geomorphology has been successfully used to determine scale for riparian vegetation 

observation (e.g. Baker 1989; Van Coller et al. 2000). Van Coller et al. (2000) found the 

geomorphic unit sampling scale to be important in explaining vegetation pattern across the 

complex channel floor of the Sabie River in South Africa. Similarly, the study reported here 

uses the geomorphic unit as the vegetation sampling unit and it has been recommended as the 
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most effective analysis scale for discerning vegetation patterning compared to the other 

scales tested. This agreement between studies serves to indicate the importance of 

geommphic variation in influencing and representing riparian plant distribution. 
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Many of the geomorphic variables used in this study were associated with species patterns. A 

large percentage of environmental variables associated with vegetation in this study were of 

geomorphic origin; for example, 64% at the plot scale, 57% at the transect scale and 50% at 

the site scale (Table 2.4 and 2. 7). Previous studies in both Australia and overseas have found 

floodplain/riparian species to be associated with various geomorphological attributes such as 

substratum (Duncan 1993), elevation above the river (Bren and Gibbs 1986) and valley 

morphology (Baker 1989). Soil texture and elevation were important in discriminating 

between species groups at the plot level (Table 2.4), for example Group 3 (Table 2.3), where 

high clay levels were associated with river banks (Table 2.4). However, Group 7 plots, which 

were also on the bank, showed no such correlation with soil texture, possibly indicating for 

this study that position is actually more important than texture, similar to the findings of Hupp 

and Osterkamp (1985) and Duncan (1993). The former considered that sediment size was 

probably not as important for vegetation distribution as geomorphic position and consequent 

inundation characteristics. Thus a suit of geomorphic variables covering a variety of scales 

( e.g. Baker 1989) should have the potential to describe the patterns in the vegetation data, 

which has been confirmed by this study. 

2.4.3 Scale and disturbance 

An important finding of this study was that plot scale variation is effective in describing 

vegetation distribution, which points to many process related variables. These variables can 

also point to riparian disturbance attributes. Elevation above the river channel, is one such 

variable that has been used in previous studies to summarise flood disturbance intensity ( e.g. 

Franz and Bazzaz 1977; Baker and Walford 1995; Battaglia et al. 1995). In effect, low 

elevations are associated with more intense flooding characteristics and higher elevations with 

less intense flood characteristics. Given that plot groups 3, 6 and 7 are associated with low 

elevation and are also mostly on the bank (river edge), these plots would be more frequently 

flooded for longer periods of time than plots at higher elevations. It could be hypothesised 

that the species common to these low elevation groups, including C. sieberi, L. obovatum, and 

C. cunninghamiana, are tolerant to flood disturbance; this is tested and reported in subsequent 

chapters ( 4 and 5). Variables such as substratum type may also indicate disturbance intensity, 
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for example flood velocity (Nilsson 1987). For example, species in groups 4, 5 and 6, 

where coarser substratum or rock was recorded in plots, may have been exposed to higher 

velocities than species in plots with smaller soil particle sizes; this hypothesis is investigated 

in Chapter 5. Therefore, by determining the scale at which vegetation variation is best 

described, disturbance attributes important in influencing species distribution may be 

identified. Determining scale of variation may also identify a patch size at which disturbance 

is most important, so in this chapter that scale was primarily the geomorphic unit or plot scale. 

2.4.4 Outcomes of a pilot study 

The results of a pilot study were described in this chapter; consequently the outcomes guided 

further research for this thesis. Much importance was attributed to geomorphic unit location 

and elevation above the river, these characteristics represent hydrological conditions, which 

are investigated in subsequent chapters. Given the frequent relationships found between 

geomorphology and vegetation in this chapter, another area for further investigation is how 

geomorphology and the associated process variables affect vegetation variation. The 

relationship between species and altitude was present at all scales, Chapter 6 includes climatic 

variation in place of altitude, which may more directly point to the reasons why vegetation 

variation is associated with altitude. 

2.4.5 Summary and conclusions 

Variation in the scale of spatial observation resulted in changed composition of species 

groups, hence causing observed species environment relationships to alter. The variation 

from small to larger scales and the consequent decrease in resolution, resulted in 

disproportionate importance being given to rarer species and the decreased importance of 

some key species. This pattern suggested that Poff' s ( 1997) concept of landscape filters may 

be applicable to riparian vegetation. 

The observation of riparian vegetation at the plot scale also allowed recognition of important 

process variables such as flooding and substratum type. The lateral riparian species gradient 

was only measurable at the geomorphic unit (plot) scale, while the river longitudinal species 

gradient was recognised at all scales investigated. Since the reach and segment scales 

displayed the same gradient, variation between these two scales was minimal, which suggests 

that the segment scale is superfluous. It would appear that the geomorphic unit scale (plot) 
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well represented patches of different species groupings primarily because this scale 

recorded both the lateral and longitudinal gradients. So the geomorphic unit scale can 

therefore be recommended as the appropriate scale for sampling riparian vegetation. 

The adequacy of the geomorphic unit spatial scale for representing most riparian variation 

suggested the importance of disturbance factors that act at this scale, such as flooding. This 

finding also suggested hypotheses for further consideration. For example, 
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C. cunninghamiana is found across the width of the riparian zone, does this mean that this 

species has a broad flood tolerance; C. sieberi is found on the river edge, is it tolerant of high 

intensity flood conditions? 

Geomorphically derived scales were successful in identifying vegetation variation, primarily 

because lateral and longitudinal geomorphic gradients were represented. The frequent 

associations between riparian vegetation and geomorphic variables also supported this 

surmise. The match between geomorphic scales and vegetation does suggest that species 

variation is patterned on geomorphic variation; this suggestion is further investigated in the 

following chapter. 
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CHAPTER 3. GEOMORPHOLOGY IS A TEMPLATE FOR 

THE DISTRIBUTION OF RIPARIAN VEGETATION. 

3.1 INTRODUCTION 

3.1.1 Geomorphic structure represents a suite of process variables that affect species 

distribution 
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Understanding the relationship between geomorphology and riparian vegetation underpins 

comprehension of the reasons for riparian species pattern and can allow prediction of species 

tolerances, response to disturbance and physical requirements. Hence, geomorphology 

describes a plant's physical niche. Individual variables tend to be commonly reported to 

directly affect riparian plants, for example flooding or substratum type, rather than the entire 

geomorphic habitat. For example, elevation above river water level is frequently associated 

with flooding (e.g. Franz and Bazzaz 1977; Baker and Walford 1995; Battaglia et al. 1995), 

and elevation above the river is dependent on plant location within the geomorphic structure. 

The geomorphic shape ( e.g. river slope, surface roughness) of a location can also affect flood 

conditions (Gordon et al. 1992; Bendix 1999), and have an influence on the distribution of 

substratum type (e.g. Gordon et al. 1992). For example, stream power will be higher in a 

narrow river valley compared to a broad valley (see Bendix 1999). Bendix (1999) found 

stream power to influence riparian species distribution; similarly substratum type has also 

been associated with species distribution (e.g. McBride and Strahan 1984; Hupp and 

Osterkamp 1985; Coetzee and Rogers 1991; Smith et al. 1995; Wallace et al. 1996; 

Nakamura et al. 1997). It is the combination of process variables that a geomorphic structure 

represents which influences species distribution (Bendix and Hupp 2000). 

Therefore, the influence of geomorphology on vegetation is the sum of many factors at a 

variety of scales that influence plant establishment, growth and survival (Fig. 3 .1 ). When the 

geomorphic location of a plant is noted a suite of related environmental process variables are 

in fact being described. For example, the riverbank geomorphic unit of a river inner meander 

bend of a river reach may consist of the following geomorphic related factors: fine alluvial 

substratum, with high nutrient status because of the entrained fine particles, :frequent 

inundation because of the closeness to the river, and high rate of sedimentation because of the 

location on an inner meander bend, but low temporal stability because of the mobile 
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substratum (e.g. Johnson et al. 1976; Franz and Bazzaz 1977; Nanson and Beach 1977; 

Hupp and Osterkamp 1985; Gordon et al. 1992; Baker and Walford 1995; Battaglia et al. 

1995; Robertson and Augspurger 1999). In comparison, the river bank in a straight narrow 

gorge section will be associated with a different suite of characteristics: there will be a 

bedrock substratum with fissures in the rock for plant anchorage and other coarse substrata 

such as cobbles, frequent inundation with high current velocity and stream power because of 

the closeness to the channel and the straight narrow channel, low rates of sedimentation 

because the gorge is an eroding river section and at the same time high temporal stability 

because the substratum, bedrock, is not mobile (e.g. Warner and Paterson 1987; Harris 1988; 

Gordon et al. 1992; Van Coller et al. 1997; Bendix 1999). Thus, it appears that 

geomorphology forms a pattern or template made up of process variables, on which 

vegetation develops (Fig. 3 .1 ). This hypothesis is investigated in this chapter. 

The idea of biotic patterns reflecting the physical environment is not new. Southwood (1977; 

1988) introduced the theoretical concept of the habitat templet, where species life strategies 

are influenced by their habitat over an evolutionary time scale. This concept has been trialed 

with success in a riverine context using for example, benthic macroinvertebrates (Scarsbrook 

and Townsend 1993; Townsend and Hildrew 1994; Townsend et al. 1997) and wetland 

vegetation (Pautou and Arens 1994 ). The axes employed for these studies were temporal 

stability (hence flood frequency) and spatial heterogeneity (hence physico-chemical 

environment or substratum). Likewise, plant functional types have been related to 

disturbance, particularly in relation to grazing disturbance ( e.g. Lavorel and Cramer 1999). 

Indeed, template axes could be placed in a geomorphic context for riparian vegetation. 

However, in this chapter, species are the focus rather than generalising through the use of 

functional groups. To date studies have not yet demonstrated the utility of geomorphology as 

a template for individual species distribution let alone for functional plant groups. In this 

chapter the first step is taken towards demonstrating the suitability of geomorphology as a 

template for riparian vegetation. 
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Figure 3.1. Relationships between geomorphic environmental factors and riparian vegetation, using findings from 
published papers. Effects refer to plant performance. 
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3.1.2 Geomorphic scales 

The geomorphology and related process variables of a river system are considered to be 

hierarchically arranged (e.g. Frissell et al. 1986; Wadeson and Rowntree 1994; Thoms and 

Sheldon 2001). Rivers are nested hierarchical systems whereby processes occurring at larger 

scales affect those at smaller scales (Schumm 1988). Hence, fluvial processes should be 

considered in a multidimensional fashion (Bendix and Hupp 2000). This recommendation is 

already evident in this thesis given the relationship identified between physical variation at 

different geomorphic scales and riparian vegetation distribution (Chapter 2). Therefore, the 

consideration of geomorphic variation and its association with vegetation distribution should 

be considered at a variety of scales, which this chapter does. 

The physical scales used for this chapter have already been explored in Chapter 2. These 

scales are based on those put forward by Wadeson and Rowntree (1994) and Thoms and 

Sheldon (2001 ), but with modifications so that the scales have more of a riparian zone focus. 

Briefly, the scales that were used in Chapter 2 were: segments within a river valley (sites); 

riparian reaches within segments (transects); and geomorphic units within reaches (plots). 

River segments are not considered in this chapter, but additional scales of the river valley and 

meso-habitat (very small, see Thoms 2001) are included. The meso-habitat characteristic 

considered in this chapter is soil type (McDonald et al. 1990). In this chapter small scale 

variation is discussed first followed by medium to large scales in an attempt to indicate causal 

links between the small scale process-related information and larger scale vegetation 

distribution (see for e.g. Frissell et al. 1986). 

3.1.3 Small scale or meso-habitat variation 

Soil characteristics vary at small spatial scales, being that of patches within units, but it also 

has short temporal scale variation (Thoms and Sheldon 2001 ). In some instances this variable 

has been found to be of minimal importance to riparian vegetation (e.g. Bendix 1999), but is 

often related to species distribution (e.g. Hupp and Osterkamp 1985; Nakamura et al. 1997; 

Chapter 2 Table 2.3). The influence of soil on riparian vegetation appears to be partially a 

result of water retention capacity acting at the plant germination stage (e.g. McBride and 

Strahan 1984; Smith et al. 1995; Wallace et al. 1996; Cooper et al. 1999). Another soil 

influence is nutrient condition. The importance of soil fertility in the riparian zone varies 
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geographically and is possibly dependent on other prevailing conditions such as climate. 

Soil fertility was found to be important in an Arctic riparian zone (Shaver et al. 1996), 

although soil water was more important than nutrients in a tropical setting in Brazil (Van den 

Berg and Olivera-Filho 1999). This chapter reports an experimental investigation of the 

effect of soil type (McDonald et al. 1990) and fertility on plant growth. 

3.1.4 Geomorphic unit scale variation 

Substratum in this thesis is regarded as a more general variable than soil type, which can vary 

at larger scales than specific soil type; substratum type is considered at the geomorphic unit 

scale of variation in this chapter. However, substratum does include varieties of particulate 

soils in addition to substrata of larger grain sizes ( or no grain such as bedrock). At the 

geomorphic unit scale, substratum can be an indicator of other riparian characteristics that are 

different from the more direct influences of water retention and nutrient condition which are 

related directly to soil type. Several authors have been unable to separate the effect of 

substratum or soil type from river hydrological conditions or elevation above the river channel 

(e.g. Hupp and Osterkamp 1985; Coetzee and Rogers 1991; Nakamura et al. 1997). More 

specifically, substratum has also been associated with flood disturbance intensity (Nakamura 

et al. 1997), and stream power (Harris 1987); these variables were in turn associated with 

vegetation distribution. Therefore, riparian substratum type can be used as a surrogate 

variable for other factors important to species distribution. 

A uniquely riverine and riparian condition is substratum stability during a flood (McBride and 

Strahan 1984; Hupp and Simon 1991; Cooper et al. 1999). Sand and finer particulate 

substrata are more mobile during a flood than larger particulates such as gravel, pebbles and 

cobbles or bedrock (Gordon et al. 1992). In North America, a particular riparian succession is 

based on particle deposition (e.g. Johnson et al. 1976; Johnson 1992). Particles deposited 

after a flood provide ideal conditions for the establishment of willow and cottonwood 

seedlings, being bare of competition and moist. Subsequent to their establishment and 

growth, these pioneer species stabilise the new substratum causing more sediment accretion, 

which increases substratum height of the riparian edge above the river; this change reduces 

flood frequency and duration consequently allowing less flood tolerant species to establish. 

However, until plants stabilise such mobile substrata there is the possibility of erosion, which 

may result in seedling mortality (e.g. McBride and Strahan 1984; Cooper et al. 1999). Plants 

that can grow in bedrock have a temporally stable substratum during a flood ( e.g. Van Coller 
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1997), and it appears that some flood tolerant species are more frequently found at bedrock 

sites than ones with alluvial soils (e.g. MacKenzie et al. 1999; MacKenzie et al. submitted). 

Thus substratum, through its relative stability, can influence plant survival during a flood, it 

may also be an indicator of flooding conditions and species flood tolerances. 
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Related to substratum type is the plant groundwater accessibility. The depth to groundwater 

in the riparian zone has been found to be important to species distribution ( e.g. McBride and 

Strahan 1984; Castelli et al. 2000; Scott et al. 2000). Groundwater conditions are not directly 

considered in this thesis. A plant's geomorphic positioning will affect distance to ground 

water through the height of a geomorphic unit above the river, and dominant substratum type. 

For example, alluvial sediments will provide easy access to groundwater by plants, but a 

substratum of bedrock may prevent species from reaching ground water ( e.g. Harris 1988). 

3.1.5 Aims 

The question of whether there is a geomorphic template for riparian species distribution, and 

if it is associated with vegetation process variables is considered in this chapter. The 

multivariate analysis of Chapter 2 pointed to the importance of geomorphic characteristics to 

riparian species pattern (Chapter 2 Table 2.3), but the definition of this pattern was only brief. 

This chapter aims to further define the associations between riparian vegetation and 

geomorphic type over the geomorphic unit, riparian reach and river valley scales. 

Associations between plants and geomorphology are particularly considered for the five 

riparian species used in experiments throughout this thesis. In addition, associative 

observations are supported by an experiment investigating plant growth in relation to different 

soil types and soil nutrient status. This chapter should help to clarify how closely linked 

riparian vegetation is with its physical environment. 
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3.2 METHODS 

3.2.1 Soil nutrient experiment 

An experiment was conducted to determine whether the nutrient status of different soil types 

affected the growth of five riparian species in a glasshouse situation. The experiment had 

three factors: soil type, species and addition of nutrients. The experimental species were: 

Acacia dealbata, Casuarina cunninghamiana, Callistemon sieberi, Kunzea ericoides and 

Leptospermum obovatum (see Appendix 3 for photos of these species). Four seedlings of 

each species of approximately the same size per species ( average: 5 cm C. cunninghamiana, 

2.5 cm K. ericoides, 3 cm C. sieberi, 4 cm L. obovatum and 2.5 cm A. dealbata), were 

transplanted into forestry growth tubes that contained one of three different soil types. The 

seedlings were randomly placed on a bench in a glasshouse and allowed to establish. The soil 

types were: "silty-sand" and "sand" collected from Murrells Crossing in NSW near Cooma on 

the Murrumbidgee River; and "sandy-loam" collected from Huntly in the ACT on the 

Murrumbidgee River ( see the Soil nutrient and particle size definition section below for 

explanation of soil names). Each of the soil types was analyzed for particle size using the dry 

sieve method, total nitrogen, carbon and bioavailable phosphorus. For the nutrient addition 

treatment, plants were watered with¼ strength 'Aquasol' (nutrient solution) every 4 days in 

addition to daily plain watering, versus no nutrient addition where the plants were watered 

daily. Aquasol contains 23 % total nitrogen, 4 % total phosphorus, 18 % total potassium, in 

addition to small quantities of zinc, copper, molybdenum, manganese, iron and boron. 

Immediately prior to experiment commencement, the height of experimental plants was 

measured from the first cotyledon scar to the highest shoot when the plant was held straight. 

Also, ten plants of each species, which were approximately the same size as the experimental 

plants, were measured for height and cut at the first cotyledon to allow the estimation of shoot 

biomass of experimental plants at experiment commencement. These experiment

commencement harvested plants were then dried in an oven at 60°C to constant weight and 

weighed. The experiment was run for 21 days in a glasshouse. After this period plants were 

measured for height from the first cotyledon, then cut at this point and above ground shoot 

biomass collected. Shoots were then dried and weighed. Relative Growth Rate (RGR) was 

calculated for shoot biomass and height (see below). 
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Using the biomass and heights of the experiment-commencement sampled plants and heights 

measured at experiment start from the experimental plants, regressions were calculated to 

predict biomass of experimental plants. The regressions for each species were poor, having 

very low R 2 values because there was too little variation in the biomass data. T-tests were 

then performed on mean heights of the experiment-commencement harvested plants 

compared to the heights of the experimental plants, the heights were not significantly 

different. Species mean shoot biomass for each of the plants harvested at experiment

commencement was calculated and used as a surrogate for the initial biomass of the 

experimental plants. From the initial biomass and the final biomass the relative growth rate 

(RGR) was calculated using the formulae: 

Shoot RGR=(ln (biomass final)-ln (biomass initial))/number of days in the interval 

Height RGR=(ln (height final)-ln (height initial))/number of days in the interval 

Fixed model factorial analysis of variance (ANOVA) was used to determine whether there 

were significant differences in shoot biomass between the different soil, nutrient and species 

treatments. The data were tested for normality and homogeneity of variances by graphing 

residuals and employing a Levens test, the data were then transformed accordingly. 

Significant results were graphed. When a graph described a significant interaction a 

connected scatter plot was utilised. The connected points in each of these graphs are not 

continuous and the joining lines were included for easier viewing of the interaction. 

Experimental null hypotheses 

Hypothesis: all tested species have the same growth rates. 

Hypothesis: different soil types result in the same plant growth rates. 

Hypothesis: the addition of nutrients to soil does not produce different plant growth rates 

than for plants in soils without added nutrients. 

Soil phosphorus and nitrogen analysis 

The soil media were analysed for available phosphorus and nitrogen. For the phosphorus 

analysis, soil samples were sieved to 100 µm, samples were dried at 40 °C and a 1 g portion 
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of each sample taken. Sample bottles were prepared by soaking in 2 % decon and 

deionized water overnight and then washed 10 times with ultra-pure water and dried. To each 

1 g soil sample 100 ml of 0.5 M NaHCO3 at pH of 8.5 was added and then shaken overnight 

at room temperature. After shaking, 10 ml of each sample was centrifuged for 10 minutes and 

then decanted into a test tube. HCl was added drop-wise until the solutions reached a pH of 4. 

Blanks were made up with the NaHCO3 and HCl at pH 4 (Rayment and Higginson 1992). 

Samples were then run through the Lachat flow injection analyser as per Lachat (1993), and 

Woo and Maher (1995). 

Soil nitrogen analysis samples were sieved to 0.2 mm then dried overnight at 110 °C, ground 

to a fine powder and weighed into 5 g samples. Soil nitrogen was determined using a Leco 

CNS 2000 analyser. One gram soil samples were burned in a stream of high purity oxygen 

and the combustion by-products analysed for nitrogen, carbon and sulphur. 

Soil nutrient and particle size definition 

The Marshall 1947 (in McDonald et al. 1990) triangular diagram places all of the soil types 

used in the experiment as "sand", owing to the predominance of sand in the riparian zone soils 

of the study area, although gravel was also common. Given the poor descriptive nature of 

naming the experimental soil types sand A, B and C, they have been referred to for the 

purposes of this chapter as "sand", "sandy-loam" and "silty-sand" to reflect other less 

apparent soil components (see Fig. 3.2). 

Comparison of soil particle size found the sand experimental soil to have high amounts of 

sand and an intermediate proportion of gravel compared to the other soils (Fig 3.2). The silty 

sand experimental soil type had the most sand and the most silt of all soil types, sandy-loam 

on the other hand had approximately even amounts of gravel and sand with intermediate 

levels of silt compared to other soil types (Fig. 3.2). 

The sand experimental soil had lower nutrient levels than the other soil types, although 

phosphorus levels are only slightly lower (Fig. 3.3). It would appear that the higher nutrient 

levels in silt-sand and loam experimental soils are associated with a slightly higher proportion 

of particles less than 63 µm (accounted for as silt). 
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Figure 3.2. Percent contribution of different particle sizes to the three soil types used in the experiment. > 2 mm 
equates to gravel, > 63 µm to sand and < 63 µm to silt and clay. 
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Figure 3.3. Available phosphorus, total nitrogen and total carbon in soil samples. 

3.2.2 Field observation of the association between species and geomorphology 

Results in this chapter extend the analyses of data reported predominantly in other chapters; 

the location of full method explanation is mentioned in figure and table headings, and in 

Table 3 .1. The chapters that report the methods include 2, 4 and 6. Essentially the chapter 
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where the substantive analysis of the data set is reported, also contains the relevant 

methods. Short summaries of data collection methods are included here. 

Field data collection for Chapter 2 was structured around 3 geomorphic spatial scales, being 

the geomorphic unit, riparian reach and valley type. Woody species presence/absence was 

noted in addition to a number of physical variables. Data reported in Chapter 4 were from the 

'Field Seedling Analysis' where young plants found in plots along the river were observed; 

the observations used in this chapter were based on substratum found in a 10 cm radius 

around each young plant found. The Chapter 4 data collection was not scale structured like 

that for the Chapter 2 study. Data collected using the methods reported in Chapter 6 was 

structured around 4 spatial scales, similar to Chapter 2 except that river valley was included as 

another scale. Environmental information collected was of a multivariate nature, similar to 

Chapter 2, comprising soil, geomorphic, hydrologic and climatic variables. The questions 

answered with the data from these chapters were of an associative nature. The questions 

investigated in this chapter, where the methods for each data set is located, the relevant table 

or figure number and the data analysis used for this chapter are presented in Table 3.1. 
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Table 3.1. Questions investigated in the current chapter, the chapter where relevant data collection methods are 
presented in full, the variable/s utilised, the corresponding table or figure number and the data analysis utilised. 

Basic question Chapter with Variable Table/ Analysis 
methods Figure 

Does young plant species distribution 4 Sp. Frequency per Fig. 3.8 Graphical 
suggest an affinity with particular substratum type 
substratum types? 
What is the relative contribution of soil 6 % proportion Fig. 3.9 Graphical 
particle sizes in pilot soil samples taken? particle size in 

samEle eer elot 
What is the frequency of occurrence of 2 Number of plots Fig. 3.10 Graphical 
substratum components? substratum found 

in 
Does species distribution suggest an 2 Relative number Table 3.5 Tabular 
afftnity with a particular geomorphic unit? of individual per 

species and 
geomorphic unit 

What is the pattern of% slope variation for 2 Mean % slope per Table 3.6 Tabular 
different geomorphic units? unit 
What is the pattern of plot elevation for 2 Mean maximum Table 3.6 Tabular 
different s eomorphic units? Elot elevation 
What is the pattern of% days flooded and 6 Mean% days Table 3.6 Tabular 
flood duration in different geomorphic flooded and flood 
units? duration Eer unit 
What is the occurrence frequency of 2 No. of plots that a Table 3.6 Tabular 
different substrata per geomorphic unit? substrata occurred 

in per geomorphic 
unit 

Does Murrumbidgee Valley unit scale 6 Species Fig. 3.11, Cluster 
species distribution reflect riparian reach presence/absence Table 3.7 analysis 
geomorphic eattern? in eiots 
What is the pattern of species and 6 Species and Figs. 3.12, Observat-
substratum over geomorphic units for each substratum 3.13, 3.14, ional 
of the common riparian reach types in the presence per unit 3.15 pattern 
Murrumbidgee Valle~? 
Can Murrumbidgee Valley riparian reach 6 Presence of key Tables. 3.8 Stepwise 
type be predicted from unit scale species species in units &3.9 DFA& 
distribution? and riparian reach DFA 

es 
Is the species complement of three river 6 Species presence Fig. 3.16 Cluster 
valleys distinct for riparian reach type? absence in plots & Table analysis 

3.10 
Can riparian reach type in three river 6 Presence of key Tables Stepwise 
valleys be predicted from unit-scale species in plots 3.11 & DFA& 
species distribution? and riparian reach 3.12 DFA 

e 
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Trend observation 

Data were used to construct graphs that compared species with substratum type and 

geomorphic unit, to determine whether there is correlation between species and 

geomorphically related physical characteristics. This was then related back to species 

distribution across the units. The geomorphic units are described in Table 3.2. 

Cluster and DF A statistical analysis 

60 

Analyses were run for both the Murrumbidgee River alone and also a data set containing the 

Murrumbidgee, Abercrombie and Goodradigbee Rivers so that differences between the scales 

of river valley and riparian reach could be compared. To determine whether species 

groupings reflected riparian reach type (e.g. gorge, complex floodplain, etc.) a classification 

analysis was performed on data from Chapter 6 (see Table 3.1 for summary). The 

classification procedure and details were described in the Chapter 2 methods section. Plots 

(identified by riparian reach type) were classified by species. The species by plot 

classification also produced a two-way table, this allowed the comparison of species and plots 

(representing riparian reach type). The riparian reach types are described in Table 3.2. 

Discriminant function analysis (DF A) was used to determine how closely species 

discriminated between riparian reach types. Firstly, groups of plots were delineated by the 

classification analysis. Secondly, stepwise DF A was run to select the species that showed 

best discrimination between the groups of plots. Thirdly, the DF A was run and the 

discrimination ability tested with cross-validation. 
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Table 3.2. Geomorphic units and riparian reach types encountered during the course of fieldwork. 

Geomorphic scale 
Geomorphic unit 
Bank 

Base of hill slope 
Bedrock ledge 

Flood-runner 
channel 
Lower floodplain 
Terrace 

Riparian reach type 
Bedrock platform 

Complex floodplain 

Gorge 

Slope 
Terraced 

3.3 RESULTS 

Description 

Edge of river channel, from base flow level to bank full and just beyond, 
had evidence of frequent inundation. 

Where the hill slope met what was identified as the riparian zone. 
Flat ledge above the channel that had a substratum of bedrock, similar to 

floodplain, usually in gorge reach types. 
Channel that carried water only during a flood. 

Flat alluvial plain at the edge of the bank, until there is a break in slope. 
A remnant floodplain, that was not active, flat and occurred in steps above 

active floodplain/s. 

Similar to a complex floodplain, except that it had bedrock as the 
dominant substratum, also had sand deposits, cobble/pebbles and 
boulders. 

Alluvial floodplain, may also have had flood runners, possibly more than 
one active floodplain and sometimes terraces. 

Steep valley sides with a channel incised into bedrock and the presence of 
a bedrock ledge instead of a lower floodplain. 

No distinct morphology other than a slope running into the river channel. 
Riparian zone that was distinctly stepped with active floodplain/s and also 

terraces. 

3.3.1 Meso-scale: soil nutrient experiment 

Shoot Biomass Relative Growth Rate (RGR) 

Plants watered with added nutrients showed a significantly greater shoot RGR than plants 

watered without nutrients (Table 3.3; Fig. 3.4); the mean difference was 0.049 day ·1. Plants 

in the sand experimental soil with no nutrients added had a significantly lower RGR than all 

other treatment combinations (Fig. 3.4). However, when nutrients were added to the sand 

soil, plants in that soil were not significantly different to the plants in other soils with nutrients 

added. Also in the no nutrient treatment, plant RGR in loam was not different to plants in the 

silty-sand soil. Thus, nutrient addition equalised the growth rate between soils so that when 

nutrients were added all plants had significantly the same growth rate. 
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Table 3.3. Factorial ANOVA on the effect of different soil media on shoot RGR, with and without nutrients added. 
P-levels that are significant to 0.05 probability or better are underlined. 

df MS df 

Factor Effect Effect Error 

Soil type 2 .0049 105 

Species 4 .0009 105 

Nutrient addition 1 .0842 105 

Soil type x species 8 .0008 105 

Soil type x nutrient addition 2 .0029 105 

Species x nutrient addition 4 .0006 105 

Soil type x species x nutrient 8 .0003 105 
addition 
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Figure 3.4. Comparison of RGR (biomass) between soil type and nutrient addition treatments. ANOVA found 
there to be a significant interaction between these two factors (Table 3.3). The data are not continuous and the 
joining lines are included for easier viewing of the interaction. 

HeightRGR 

All factors and interactions were significant for height RGR (Table 3.4). A Tukey's factorial 

comparison of treatment means, comparing the significant interaction of soil type and nutrient 
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addition, found that plants growing in the unfertilised treatments, regardless of soil type, 

had a significantly lower growth rate than the fertilised plants (Fig. 3.5); the mean difference 

was 0.0298 days-1
• Also, plants growing in sand with no nutrients added had a significantly 

lower growth rate than all other treatment combinations. The relationship for plants growing 

in sand changes with the addition of nutrients so that RGR was not different to plant growth in 

sandy-loam or silty-sand (Fig. 3.5). Thus, the pattern for plant growth to equalise between the 

soil types when nutrients were added was similar for shoot and height RGR. 

A Tu.key's factorial comparison of treatment means comparing the significant interaction of 

species and soil type found that C. cunninghamiana had a lower growth rate than other 

species (Fig. 3.6). However, C. cunninghamiana growth in the sand soil was not different to 

any other species growing in sand, except A. dealbata which grew faster. C. cunninghamiana 

growth in the silty-sand was not different to any other species, while its growth on the sandy

loam was lower than all other species in loam (Fig. 3.6). 

A Tukey's factorial comparison of treatment means comparing the significant interaction of 

species and nutrient addition (Table 3.4) found that plants with the addition of nutrients had a 

higher growth rate (Fig. 3.7). A. dealbata, with nutrients added, had a higher growth rate than 

all other combinations, except for L. obovatum with nutrients (Fig. 3.7). The growth rate of 

L. obovatum compared to C. cunninghamiana changed with the addition of nutrients; with no 

added nutrients C. cunninghamiana and L. obovatum height RGR was the same, whilst with 

nutrients added, L. obovatum had a higher RGR than C. cunninghamiana. For the no nutrient 

treatment all species, except A. dealbata, had the same growth rate (Fig. 3.7). 

Table 3.4. Factorial ANOVA on the effect of different riparian zone growth media on plant height RGR, with and 
without nutrients added. P-levels that are significant to 0.05 probability or better are underlined. 

df MS df MS 
Factor Effect Effect Error Error F e-Ievel 
Soil type 2 .0020 105 .0001 14.5247 .0000 
Species 4 .0015 105 .0001 15.2621 .0000 
Nutrient addition 1 .0321 105 .0001 325.762 .0000 
Soil type x species 8 .0002 105 .0001 2.3274 .0243 
Soil type x nutrient addition 2 .0007 105 .0001 7.3098 .0011 
Species x nutrient addition 4 .0003 105 .0001 2.6297 .0385 
Soil type x species x nutrient 8 .0002 105 .0001 2.3165 .0249 
addition 
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3.3.2 Field soil associations 

65 

Substratum and seedling occurrence data are presented to determine whether there was a 

pattern between soil and species at the establishment stage of a plant's life history. 

Assessment of trends between soil type and adult species may be ambiguous since substratum 

type may change after a plant has established in a riparian environment. 

Species tended to be associated with particular substratum types. A. dealbata did not occur in 

bedrock substrata and L. obovatum was located in similar substrata to A. dealbata (Fig. 3.8). 

C. cunninghamiana seedlings were found on various types of substrata, but mostly in the 

interstices between cobbles and bedrock (Fig. 3.8). A clear relationship was found for 

C. sieberi, which were predominantly found in plots with bedrock (Fig. 3.8), while 

K. ericoides were found in a broad range of substrata (Fig. 3.8). Plots with no seedlings 

mostly had mobile sandy substrata (Fig. 3.8). 
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Figure 3.8. Relative frequency of seedlings occurring on substratum types. Values are based on the presence or 
absence (0 or 1) of a given substratum type and do not represent absolute values of substratum coverage. Data 
were obtained using methods for the field seedling study presented in Chapter 4. 

To allow consideration of the frequency with which soil particle sizes occur in the riparian 

zone, a graph of the soil particle size analysis from Chapter 6 has been presented (Fig. 3.9). 

Sand was found to be the most common soil particle size (Fig. 3.9). The finer particle sizes of 

silt and clay were rare, and clay was not presented on the graph because its value was only 

just above zero (Fig. 3.9). This finding is supported by substratum data collected in a 

different way in Chapter 2 (Fig. 3.10). Sand is again most common, although silt and clay 

have increased in value because these data are presented as frequency of occurrence and these 

smaller particle sizes are accounted for in loamy soils (Fig. 3.10). Nevertheless, smaller 

particle sizes do occur, although less often, with sand being the most common. 
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Figure 3.9. Mean relative contribution of different soil texture classes to the sample taken from each plot at 20 cm 
below the soil surface. The data were obtained using methods presented in Chapter 6. 
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Figure 3.10. Frequency of substratum components 15 cm below the substratum surface. The value for rock 
represented here is the number of plots with greater than 24 % bedrock coverage, this also included boulders. 
The methods for data collection were reported in Chapter 2. Note Figs. 3.9 and 3.10 are not directly comparable 
since Fig. 3.9 is the mean % particle size contribution from a laboratory particle size analysis, whilst Fig. 3.10 is 
particle type frequency, obtained from substratum estimations in the field. 



Chapter 3 68 

3.3.3 Geomorphic unit variation 

Species tended to be associated with particular geomorphic units. C. sieberi and L. obovatum 

were most often found on banks, whereas A. dealbata and K. ericoides were most often found 

on hill slope bases (Table 3.5). C. cunninghamiana appears to be somewhat of a generalist, 

occurring on a variety of geomorphic units (Table 3.5). 

Table 3.5. Relative number of individuals (adults and seedlings) of a given species found per geomorphic unit. 
The methods for the data collection were reported in Chapter 2. Relative frequency is the number of plots of a 
given geomorphic unit that contain the species, divided by total number of plots the species occurs in. The 
highest frequency for a species is in bold and the lowest underlined. 

Species Bank Flood Bedrock Lower Hill slope Terrace 
channel ledge floodplain base 

Acacia dealbata 0.21 0.04 0.05 0.06 0.50 0.12 
Casuarina 0.41 0.05 0.00 0.16 0.34 0.04 

cunninghamiana 
Callistemon sieberi 0.85 0.00 0.00 0.11 0.05 0.00 
Kunzea ericoides 0.20 0.02 0.05 0.17 0.51 0.06 
Leptospermum 0.94 0.00 0.00 0.06 0.00 0.00 

obovatum 

To gain an understanding of which physical variables (e.g. hydrology, slope, etc.) are 

associated with the different geomorphic units, variables were graphically compared to 

geomorphic units (Table 3.6). Banks tended to have high slope, low elevation and 

corresponding high level of flooding, and the common substrata were bedrock, sand and silt. 

Flood channels tended to have similar characteristics to banks, except with higher levels of 

bedrock. Bedrock ledges were relatively flat, had high elevation above the river channel and 

had a substratum of mainly bedrock, but cobbles and pebbles were also common. The lower 

floodplain (adjacent to the river bank) was associated with intermediate elevation, 

intermediate flood characteristics, and sand was the most common substratum type. The hill 

slope base was characterised by high elevation, rare flooding of short duration, and with a 

range of substratum classes. Plots located on terraces, while having intermediate elevations, 

had low flood characteristics and high levels of sand and silt substratum classes. (Table 3.6). 

Thus, each geomorphic unit was associated with a suit of physical process variables. 
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Table 3.6. Physical characteristics of geomorphic units. The methods for data collection are reported in Chapter 
6. Relative frequency of substratum/soil type refers to the number of plots the substratum was found in per unit, 
divided by the total number of plots the substratum was found in for all units. The largest value for variables is in 
bold and the smallest underlined. 

Variable Chapter Bank Flood Bedrock Lower Hill slope Terrace 
where channel ledge floodplain base 
methods are 
described 

% slope 2 26.36 11 6.33 4.75 24.87 8.12 
Elevation (m) 2 1.37 2.47 3.57 2.82 3.62 2.85 
Relative frequency 2 39 60 66 2 29 15 

bedrock 
Relative frequency 2 3 Q 33 6 3 5 

cobble and pebble 
Relative frequency 2 42 40 l 69 44 40 

sand 
Relative frequency 2 16 Q Q 16 24 20 

silt and clay 
% mean total No. 6 29.61 6.65 10.11 0.32 O.ol 

days flooded (1.18) (1.65) (2.45) (0.09) (0) 
(Standard Error) 

Mean flood duration, 6 4.15 3.50 2.68 0.91 1.00 
dals (SE) (0.12) (0.5) (0.12) (0.14) (0) 

3.3.4 Is species complement distinct for riparian reaches of the Murrumbidgee River? 

Classification analysis was performed to consider whether groups of species reflected riparian 

reach type. The methods for data collection in the remaining results sections are presented in 

Chapter 6. Floodplain riparian reaches were most distinctly delineated in the cluster analysis 

(Fig. 3.11 and Table 3. 7). Gorges and bedrock-controlled floodplains were partially merged 

together in the classification (Fig. 3.11 and Table 3. 7) and there was also some merging with 

terraced reaches, although less so (Fig. 3.11 and Table 3.7). Despite some overlap, plots from 

different riparian reaches did clearly cluster together (Fig. 3.11 and Table 3. 7). 

All of the reach types tended to have high species richness, except alluvial floodplains that 

had low species richness (Table 3.7). This in part explains the overlap of riparian reaches 

other than complex floodplains, since if more species are present then there is a greater 

chance that some of these species will be common to other reach types. 
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Species did cluster about geomorphic reach type in the Murrumbidgee analysis. However, 

there was some mixing of plots from bedrock floodplain, gorge and terraced types (partially). 

There would appear to be other factors acting in these locations that cause species similarities 

and therefore mixing in cluster analysis. Bedrock platforms and gorge sites were similar 

because of the high level of bedrock cover. Having bedrock as a dominant substratum type 

may predispose these sites to having particular species that have bedrock as part of their 

habitat niche. Most of the distinctly terraced sites are at higher altitudes with characteristic 

species of Eucalyptus viminalis and A. dealbata. One of the bedrock platforms occurs at 

altitudes close to the high altitude terraced sites and also has the two species common to 

terraced reaches, which would explain the mixing of the terraced and bedrock floodplain 

types in the middle of Table 3.7. Also, the terraced sites that are mixed with the bedrock 

floodplain plots are those that did have a small degree of bedrock inclusion. Similarly the 

floodplain site (1-2-3) that occurred next to a gorge site in the classification, also had small 

amounts of bedrock. 
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Figure 3.11. Dendrogram of plots by species classification for the Murrumbidgee Valley. The riparian reach type, 
indicated above in bold, is marked as: F=floodplain, G=gorge, B=bedrock platform, T= terraced sites and 
S=slope. The dendrogram was cut at 0.97 dissimilarity. The double dashed horizontal lines represent where the 
dendrogram broke to form groups. 
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Table 3.7. Two way table of the Murrumbidgee River species by plots classification. Methods for data collection 
are presented in Chapter 6. The riparian reach type is marked according to: F=floodplain (Fig. 3.14), G=gorge 
(Fig. 3.15), B=bedrock influenced floodplain (Fig. 3.13) and t= terraced sites (Fig. 3.12), S=slope. '*' indicates 
species present, '.' indicates species absent. The full species name for C. cunninghamiana is 
Casuarina cunninghamiana. 

Riparian reach 
Site 
Site 
Transect 
Transect 
Plot 
Plot 
Group number 
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Calytrix tetragona 
Bursaria lasiophylla 
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Acacia dealbata 
Eucalyptus viminalis 
Callistemon sieberi 
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The different geomorphic reach types were drawn as profiles (Figs. 3.12 to 3.15) with 

valley cross-section, species, substratum and distances included, to help visualise the template 

that geomorphology represented for vegetation distribution. These figures represented 

examples of the common riparian reach types found along the Murrumbidgee River in 

particular. Figure 3.12 represents site 13 transect 1, the highest altitude site tested on the 

Murrumbidgee River. This site mirrors species and physical variables of the other high 

altitude site 5. These two sites were positioned fairly close together in the cluster analysis 

(Table 3. 7) and were characterised by E. viminalis, A. dealbata, L. obovatum and terraced 

riparian geomorphology. 

Bedrock platform type geomorphology is represented in Figure 3 .13 representing site 6 

transect 1. The patterns in this figure are similar to sites 14, 15 and 10-1. These sites were 

close together in the cluster analysis (Table 3. 7). Characteristic species included K. ericoides 

in all sites, also C. sieberi and Acacia rubida, but no tree species were found in this riparian 

zone type. 

A complex alluvial floodplain (including flood channel) is represented in Figure 3.14 of site 

1, transect 1. This figure is similar to sites 2, 7, 8-2 and 9. These sites very clearly grouped 

together in the cluster analysis (Table 3.7). These sites were dominated by 

C. cunninghamiana usually across the width of the floodplain, and K. ericoides was also a 

common species. Sites such as these all appear to occur within the C. cunninghamiana 

distribution limits indicating a possible connection with C. cunninghamiana and the formation 

of such floodplains. 

A gorge is represented in Figure 3 .15 of site 11. The other sites similar to this one are 8-1 and 

12. The topographical relief in gorges consisted of bedrock formations, usually on some sort 

of bedrock ledge above the river channel. These reaches were species rich and many of the 

species that were found at these sites were not obligate riparian species, indicating that 

bedrock was an important substratum component for these species. 
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Figure 3.12. Diagrammatic representation of MB 13-1 (Old Mill site near Cooma). This diagram represents high 
altitude terraced type geomorphic riparian reaches. There is slight vertical exaggeration so that the geomorphic 
units are more apparent. 
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To determine how well species discriminated between riparian reach types, Discriminant 

Function Analysis (DFA) was employed (Table 3.8). The species selected by stepwise DFA 

for discrimination between classification groups were: Bursaria lasiophylla, 

Calytrix tetragona, C. cunninghamiana, E. viminalis, K. ericoides, L. obovatum and 

Lomatia myricoides. For the DFA geomorphic valley types were characterised as: bedrock 

controlled floodplain (B), commonly associated with B. lasiophylla, L. myricoides and 

K. ericoides; complex floodplain (F), commonly associated with C. cunninghamiana and 

K. ericoides; gorges (G) commonly associated with C. tetragona, and L. obovatum; and 

terraced riparian plots (T) commonly associated with E. viminalis and L. obovatum (Table 

3.9). 

Geomorphic reach type was predicted using DF A from the stepwise DF A selected species. 

The total error rates for reach types was the highest at 69% for bedrock platforms (B), error 

rates were lower at 40% for gorges (G), 31 % for terraces (T) and 19% for complex 
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floodplains (F). Prediction of bedrock platforms had the highest predictive error, with most of 

these plots being incorrectly classed as complex floodplains (Table 3.8). Gorges also had a 

high predictive error with one gorge plot being classed into bedrock platform and the other 

into complex floodplain (Table 3.8). 

Table 3.8. Percent classification rates from DFA cross validation of species presence/absence, predicting reach 
type in the Murrumbidgee River. The % classification rates have been rounded up. The riparian reach type is 
marked according to, F=complex floodplain (Fig. 3.14), G=gorge (Fig. 3.15), B=bedrock platform (Fig. 3.13) and 
T= terraced sites (Fig. 3.12). 

From %ToB %ToF %ToG %ToT No. lots 
B 31 39 8 23 13 
F 12 81 3 3 33 
G 20 20 60 0 5 
T 15 15 0 69 13 
% predicted 17 55 8 20 64 

Species were not necessarily specific to each of the reach types (Table 3.9). For example, 

K ericoides occurs in 18 complex floodplain plots and 13 bedrock platform plots (Table 3.9). 

The species overlap between reach types would contribute to the poor predictability of this 

reach type. 



Chapter 3 79 

Table 3.9. Total number of plots that a given species occurred in for the Murrumbidgee River only. The species 
listed are those that were selected by the stepwise DFA and then later used in the DFA. The riparian reach type 
is marked according to, F=complex floodplain (Fig. 3.14), G=gorge (Fig. 3.15), B=bedrock platform (Fig. 3.13) and 
T= terraced sites (Fig. 3.12). 

Valley type B Total F Total G Total T Total Grand Total 
Bursaria lasiophylla 2 1 0 0 3 
Calytrix tetragona 2 1 3 0 6 
Casuarina cunninghamiana 3 27 1 1 33 
Eucalyptus viminalis 0 1 0 7 9 
Kunzea ericoides 13 18 5 5 42 
Leptospermum obovatum 3 0 0 5 8 
Lomatia myricoides 3 0 0 0 3 

Grand total 26 48 9 18 104 

3.3.5 Is species complement of three rivers combined distinct for riparian reach type? 

To further test the hypothesis that reach type forms a template for vegetation distribution, the 

data set was expanded to include Goodradigbee and Abercrombie river transects that were 

geomorphically similar to the Murrumbidgee River transects. 

Geomorphic reach type clearly represented clustering of plots for all three rivers (Fig. 3 .16 

and Table 3.10). However, compared to Murrumbidgee alone (Fig. 3.16 and Table 3.10) the 

pattern did change because some species are confined to only one river. For example, 

Leptospermum brevipes occurs only in the Goodradigbee River and in almost all of those 

plots (Table 3.10). Other than that, the plots of particular reach types did group well together 

(Fig. 3.16 and Table 3.10). Complex floodplain and terraced riparian zones were most 

distinct, while bedrock platforms and gorges again mixed together (Fig. 3.16 and Table 3.10), 

similar to Murrumbidgee River analysis (Fig. 3.11 and Table 3. 7). The Abercrombie River 

transects only added complex floodplain transects, which merged with the Murrumbidgee 

River floodplain sites. Goodradigbee River transects were separated from the Murrumbidgee 

and Abercrombie transects because of L. brevipes, but did contribute floodplains, a gorge 

reach and a bedrock platform. The gorge and bedrock platform plots of the Goodradigbee 

were grouped together, similar to those types in the Murrumbidgee River (Fig. 3.16 and Table 

3.10). 
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Figure 3.16. Dendrogram of species by plots for presence/absence data from the methods presented in Chapter 
6. The geomorphic valley type, see above in bold, is marked according to, F=floodplain, G=gorge, B=bedrock 
platform and T= terraced sites, S=slope. The plot names correspond to: river valley (A=Abercrombie, 
G=Goodradigbee and M=Murrumbidgee) site number - transect number - plot number. The dendrogram was cut 
at 0.97 dissimilarity. The double dashed horizontal lines represent where the dendrogram broke to form groups. 
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Table 3.10. Two way classification table of species by plots. Methods for collection of data are in Chapter 6 transects were from the Murrumbidgee, Abercrombie and 
Goodradigbee rivers. The riparian reach type, is marked according to, F=floodplain (Fig. 3.14), G=gorge (Fig. 3.15), B=bedrock platform (Fig. 3.13) and T= terraced sites (Fig. 
3.12), S=Slope continues through riparian zone to river, usually opposite a floodplain. 
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Pomaderris eriocephala .................. ...... ... ... 1 ... .. ..... .. .... I . . . . . ......... * I ..... * ..... 1 . . . . . . . ...... ** I . I . . . . . . . .. . .. .. . 
Dodonaea mimosodea . . . . . . .......... ...... ...... I ... * ..... * .. * ... I . . . . . ....... * .. I ..... * ..... I . . . . . . . . ...... . I . I . . . . . . ...... .. . 
Acacia rubida ........... * ...... ........ ...... I.*.* ......... * .. I• . .. *. ** .... ***I ..... * .... • I .. .... ... ...... I. I .... .. . ....... . 
Calytrix tetragona ..... . . . ....... .. ............ -I• ........... * .. - I• ... ** .... . •***I • .... . .... -1 · ...... ....... •I• I• ............. . 
Grevillea juniperina .... ...... .. . .............. . ... •I ................ 1- ....... *.* .***I ..... . .... -1 .. ..... . .... * .. I.I ...... . ....... . 
Cassinia longifolia ..... * ... * ... . ... , ... ... ..... -I• ......... **· .. -1- ......... *****I• .... .... . -I• .. . ** ... *****.I• I• ............. . 
--- ----- ------ --- --- -- ------------------------ ----- -+---- -- ----------+----+----- ------ +---- -- -----+------+ ----- ---+--+-----+------- --
Acacia siculiformis .............. .. ...... ... ... I . .... .... * ...... I ... . I . ..... .... . I . ** ... .... *I . ..... I ......... I . I ..... I . , .......• 
Hakea microcarpa 
Bursaria spinosa 
Leptospermum brevipes 
Micrantheum hexandrum 
Bursaria lasiophylla 
Lomatia myricoides 
Eucalyptus viminalis 
Pomaderria aspera 

............................ I ... · · ·. · .... ·*·* I . . . · I · · · · · · · · · · · I***··*····· I · · · · · · I.· · · · · · · · I · I · · · · · I · · · · · · · .. · 

. . . . . . . . . . . . . . . * .... .. .. .. . -I .. ... ..... * .. . . -I . . . . 1 * .... . *.* . . I****** .... -I .... ** 1 ...... *. -1 . 1 .... -1 ......... . 

.. * ... . ** ...... .. .. . . .. . . ... 1 ..... . ... ... . ... 1 ... -1 - ...... · · · -1**** .. *****I··· ·**I -· · · · .... 1.1 .... - I • ..... - -.. 

................ * .. . ....... -I ............ * ... I .... I . -... -. . ·· . I*****·· .... 1 ·· .... I.······· .1 · 1- ·· .. I ·.·· ..... . 

. . . . . . . . . . . . . . . ** ..... ...... 1 .. .. ........ · · ·. I ... · I · · · .... *·**I . *. · · · · · * · · I · · · · · · I · · · · · ·· . . I · I · · · · · I · · · · · · · · . · 

....... * ..... ***· .. . . .. ..... 1 ........ * .. . .... 1 ... . 1. ·*· ... . .. . 1.* . .. *.**.*I • .** .. 1 .. ·. · .... 1.1 ..... 1 .. .. . .... · 

. . . . . . . . . . -.. .. .. .. . . .. .... - I• . ..... .. * . .... -I• ... 1 .. . ... .... -I•*···.*** . -1** .* .. 1*********1 •I•··· .1 .. · ... ·. · · 

... * ............ ... .... ... .. I ... .. . .. .. .. . . ·. I ... · I .. · · . · · · · · · I**·· · · *** ·. I · · · · · · I · · · · · · · · · I · I · · · · · I · · · · · · · · · · 
-------------------- ----------- --- ------------------+---------- ----- -+----+-----------+---- --- ----+- -- ---+--------+--+-----+---------
Eucalyptus pauciflora ..................... . . .. ... I .... . ... .. .... .. I ... . I - .... ..... -I ... .. ..... -I****** I - .. ..... - I. I ..... I . .... ... . . 
Eucalyptus stellulata ..... . ................. . ... - I ............ .. . -1 .. .. I ....... ... -I.** ..... *. -1 ******I . . . .. .. . -1 -I ... . -1 ......... . 
Leptospermum obovatum ..... .. ...... * .. ............ 1 .... * .... ***.*. - I***• I • .... . * .. .. 1 . . . .. ..... -I***.*• I• ....... - I• I• ... -1- ...... .. . 
Rubus parvifolius ...... * .... *** . ............. 1 ............ .. .. 1 ... - I• ......... -1- ..... * .. **I*•*·*• I• . .... * .. 1.1 ..... 1 . ........ . 
--- -------- -- ---- ----------------------- --- ---- -----+----------------+----+-----------+-----------+------+--------+--+-----+---------
Acacia dealbata . . .. **** ..... ****.* ......... !************ · . .. l****I ... ..... ... I**.****** .. I*****. I.****.**. I. I ..... I .... . .... . 
Kunz~a erioco~des . . ... ******.** ... *.**********l******·*********J .... !***********!******* .. *. J ...... I .... * .. **I.I ..... I . . .. ..... . 
Callistemon s1.eber1. ..... .. ....... .. .... ** ...... I .... ************ I .... I ........ *. -I** ... ... * .. I .... *. I . . ..... *. I• I***** I .... ..... . 
Casuarina cunninghamiana********.********.**********I .. . **** .... . .... I*• .. I ...... **.*. I .. ... .... -*I ...... I ......... I. I****. I********** 
Rubus ulmifolius ******.*******.*** ......... -1- . . ... .......... 1 .... J ...... * .... 1 ........ * .. J* ... *. J .. ...... - I• I*• .. . 1 .. ....... . 
----------------------------------------------------+----------------+----+-----------+-----------+------+--------+--+-----+---------
Pomaderria betulina ....... * ......... **** ...... -1* -.... .......... 1 .... 1 ........ ... 1 ........... 1 ..... . 1 . .. ..... - I• I• .... 1 .... ..... . 
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A stepwise DFA was run to select which species were most characteristic of the different 

geomorphic valley types, these were then used in the DF A (Table 3 .11 ). The species selected 

by the stepwise DF A were: A. dealbata, B. lasiophylla, C. tetragona, C. cunninghamiana, 

Cassinia longifolia, Dodonaea viscosa, Eucalyptus pauciflora, E. viminalis, 

Hakea microcarpa, K. ericoides, L. obovatum, Micrantheum hexandrum, and 

Pomaderris aspera. The geomorphic valley types were characterised as: bedrock platform 

(B), associated with B. lasiophylla, H microcarpa and K. ericoides; complex floodplain (F), 

associated with A. dealbata, B. lasiophylla, C. cunninghamiana, K. ericoides and P. aspera; 

gorges (G) associated with C. tetragona, M hexandrum and no E. viminalis; slopes (S) 

associated with D. viscosa, E. pauciflora, E. viminalis and L. obovatum; and terraced riparian 

plots (T) that were associated with A. dealbata, C. longifolia, E. viminalis and L. obovatum 

(Table 3.12). Geomorphic reach type was predicted based on the species chosen by the 

stepwise DF A. The total error rates for reach types was: 73% for bedrock floodplains (B), 

44% for slopes (S), 29% for gorges (G), 22% for complex floodplains (C) and 19% for 

terraces (T). Bedrock floodplains had the highest predictive error, with most of these plots 

being classed as complex floodplains (Table 3 .11 ). 

Table 3.11. Percent classification rates from DFA cross validation of species predicting geomorphic valley type. 
The % classification rates have been rounded up. The geomorphic valley type is marked according to, 
F=floodplain (Fig. 3.14), G=gorge (Fig. 3.15), B=bedrock platform (Fig. 3.13) and T=terraced sites (Fig. 3.12), 
S=Slope. 

From %ToB %ToF %ToG %ToS %ToT 
B 27 50 13 0 13 
F 11 78 4 4 4 
G 14 14 71 0 0 
s 11 22 0 56 11 
T 0 13 0 6 81 
Total 12 54 9 8 18 
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Table 3.12. Total number of plots that a given species occurred in. The species listed are those that were 
selected by the stepwise DFA and then later used in the DFA. The geomorphic valley type is marked according 
to, F=floodplain (Fig. 3.14), G=gorge (Fig. 3.15), B=bedrock platform (Fig. 3.13) and T=terraced sites (Fig. 3.12), 
S=Slope. 

Valley type B Total F Total GTotal Q Total T Total Grand Total 
Acacia dealbata 5 14 4 7 14 44 
Bursaria lasiophylla 3 4 0 0 0 7 
Calytrix tetragona 2 1 3 0 0 6 
Casuarina cunninghamiana 3 41 1 3 49 
Cassinia longifolia 3 3 1 3 6 16 
Dodonaea viscosa 1 2 2 

., 
0 8 ., 

Eucalyptus paucijlora 0 0 0 5 1 6 
Eucalyptus viminalis 1 4 0 4 8 17 
Hakea microcarpa 5 0 1 0 0 6 
Kunzea ericoides 15 25 7 4 5 56 
Leptospermum obovatum 3 0 0 4 7 14 
Micrantheum hexandrum 2 1 4 0 0 7 

Pomaderria aspera 1 4 1 0 0 6 
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3.4 DISCUSSION 

3.4.1 Species relationship with meso-scale variation 

Successful plant establishment is likely to be a result of faster plant growth. Consequently, 

soils with higher nutrient levels can result in faster growth and more successful plant 

establishment. Chambers and Kaft (1987) found wetland species grew faster in experimental 

substratum with higher nutrient levels, which was supported with field observations 

(Chambers 1987). Riparian soil type and nutrient levels in this study did influence plant 

growth (Fig. 3.6). The soils with smaller particle sizes resulted in a higher growth rate 

without the addition of nutrients (Figs. 3.4 and 3.5). Gross nutrients (N and P) were higher in 

both the silty-sand and sandy-loam soils, similarly these soils also had more particles less than 

63µm (Figs. 3.2 and 3.3) and produced the fastest plant growth rates (Figs. 3.6 and 3.7). With 

the addition of nutrients, growth in sand increased to become the same as plant growth in the 

other soils (Figs. 3.4 and 3.5). Therefore, when plants were watered daily (necessity when 

keeping plants in pots), differences in plant growth between soil types is because of different 

nutrient levels. Therefore, the soil type that a plant germinates on could influence 

establishment in the field because of resulting differences in growth rate. 

The loamy and silty soils, which produced the highest experimental plant growth rates (Figs. 

3.4 and 3.5), are not common in the riparian zone of the sites observed in this study (Figs. 3.9 

and 3.10). When the field occurrence of seedlings was considered, only L. obovatum and 

A. dealbata were found more often in fmer grained silt and sand substrata than cobble or 

bedrock (Fig. 3.8). Unfortunately, the soil types tested in the experiment did not reflect all 

substratum types in the field given that bedrock and cobble substrata were also common in the 

riparian zone (Fig. 3.8). These other substrata types were not tested because plant-rooting 

substrata was the object of this experiment, rather than total substratum. Plants growing in 

cobble substrata must be rooted in some sort of soil even if not immediately apparent, most 

likely sand, and plants rooted into bedrock cracks would be in the same situation. 

Unfortunately, the observation of rooting medium alone does not allow the consideration of 

other factors which may be related to an overlying substratum, for example the possibility of 

reduced water loss because of an overlying cobble stratum. Woolfrey (1985) found 

C. cunninghamiana seedlings after germination to have a higher biomass in a substratum of 

cobble, sand and "mud", intermediate in sand and "mud" and least in sand. This suggests that 
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there is a growth advantage in mixed substrata; however, Woolfrey (1985) did not suggest 

the reason for this relationship. Therefore, soil type alone can explain some growth 

differences, but cannot account for other substratum related plant differences in the field 

because the soil types tested were not common surface substrata. Different experimental 

designs may help to elucidate further soil-mediated growth effects. 
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There may also be interactions between species and substratum type in terms of particle 

mobility. In South Africa Breonadia salicina was associated with bedrock, which was 

suggested to be because bedrock is a more stable substratum (Van Coller et al. 1997; 

MacKenzie et al. 1999; submitted). McBride and Stahan (1984) found Baccaris viminea to 

be associated with a coarser substratum and postulated that this allowed better survival of 

winter scouring because the rooting medium was more secure. In this study, C. sieberi was 

commonly found in areas of high bedrock cover; this association may be necessary to survive 

high flow velocity conditions that are likely where bedrock is common. The importance of 

soil fertility would be reduced if survival during a flood were more important. Therefore, if 

substrata containing finer particles (most fertile) occur rarely, then nutrient levels of substrata 

in the riparian zone could be assumed to not be a major species distribution factor in the field. 

3.4.2 Species relationship with geomorphic unit scale variation 

Multiple variables, operating at different scales, interact to form the pattern of environmental 

variation that represents a geomorphic surface. For example, meso-scale variation ( e.g. soil 

type) mixes with variation at larger scales (e.g. stream power) producing mixed scale 

influences, such as substratum stability. Field relationships were very clear between species 

and geomorphic unit. For example, C. sieberi and L. obovatum were associated with 

riverbanks, K ericoides and A. deal bat a on the base of hill slopes and C. cunninghamiana 

occurring on a variety of units (Table 3.5). Despite this pattern being noted between 

geomorphic units and species, a causal factor cannot be directly pointed to without making 

reference to specific process variables. Variables related to geomorphic units that are process 

related and have been associated with vegetation pattern include, hydrology ( e.g. Franz and 

Bazzaz 1977; Hupp and Osterkamp 1985; Stromberg 1993; Auble et al. 1994), soil type (e.g. 

McBride and Strahan 1984; Hupp and Osterkamp 1985; Coetzee and Rogers 1991; Smith et 

al. 1995; Wallace et al. 1996; Nakamura et al. 1997), height above ground water (e.g. 

McBride and Strahan 1984; Castelli et al. 2000; Scott et al. 2000) and soil water drainage and 

holding capacity ( e.g. Cooper et al. 1999). This study found trends between geomorphic units 
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and process variables including substratum type, hydrology, elevation and slope (Table 

3.6). Thus, associations between species and geomorphic units provide information about a 

range of process related physical variables that can affect riparian vegetation, rather than 

pointing to individual variables. 
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Questions or predictions can be raised for further investigation based on species' geomorphic 

associations. Geomorphic units can be related to process type variables so that, riverbanks 

would be units flooded most often, have bedrock to sandy soils and have a steep slope; on the 

other hand, hill slopes bases are flooded rarely, but also have a steep slope and have more 

developed soils than other units; whilst floodplains may be somewhat intermediate between 

banks and hill slopes, with sandy soils low slope and intermediate flood properties (Table 

3.6). If flood conditions are used as an example of species response to process variables: 

C. sieberi, C. cunninghamiana and L. obovatum should be flood tolerant because they are 

found on units close to the river; in comparison, K. ericoides and A. dealbata are found on 

units further from the river edge and should be less tolerant to flooding. The validity of such 

flood-associated conclusions has been investigated and supported in Chapters 4 and 5. 

Geomorphic units relate to a reasonably well defined set of process variables; each of these 

variables can affect vegetation through establishment, growth and survival. Consideration of 

the relative importance of different variables would be worth further investigation. 

Given that geomorphic units represents a suit of process variables and their intensities, they 

also represent the disturbance conditions that plants will be exposed to. To take this idea a 

step further, if geomorphology represents the disturbance regime, and vegetation that is highly 

disturbed is hypothesised to be more abiotically controlled ( see Chapter 1 ), then geomorphic 

variables should make good predictors of riparian species distribution. This idea is reported 

in Chapter 6. 

3.4.3 Species relationships with riparian reach variation- does it reflect the underlying 
geomorphic template? 
Species composition measured at the geomorphic unit scale reflected the larger scale riparian 

reach type. Both the cluster analysis (Figs. 3.11 and 3.16 and Tables 3.10 and 3.7) and the 

DFA (Tables 3.8 and 3.11) were performed at the geomorphic unit (plot) scale of species 

distribution. The results of both of these analyses found that species distribution reflected 

reach type ( e.g. gorge, complex floodplain, etc.). This finding also exemplified the habitat 

filter concept of Poff ( 1997) where environmental attributes or filters at larger scales constrain 
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species distribution at smaller scales. This concept was demonstrated in this chapter by 

variation at larger scales (riparian reach and river valley) reflecting and probably influencing 

species distribution at smaller scales (geomorphic unit). A reach scale filter may be dominant 

substratum type, for example bedrock in a gorge or alluvial substrata in terraced reaches 

(Fig. 3.15). In turn, species distribution was demonstrated to be constrained by unit scale 

attributes such as flood duration (Tables 3.5 and 3.6). As an example, E. viminalis was only 

found in the high altitude study reaches, possibly indicating a climatic influence (filter 1), 

E. viminalis also tended to occur on terraced riparian zones (filter 2), and at the terraced 

reaches E. viminalis is further constrained by what appears to be flooding because the species 

is found at high elevations (filter 3). 

There were some exceptions to vegetation pattern at the geomorphic unit scale reflecting 

riparian reach type. These exceptions can be explained. For example, the bedrock gorge and 

bedrock platform types are mixed in the cluster analysis probably because of a common 

bedrock substratum and associated species (Figs. 3.11 and 3.16). When geomorphic type is 

predicted using DF A most incorrect predictions occurred when bedrock platforms were 

classed as complex floodplains. These incorrect predictions were somewhat unexpected, 

given that bedrock floodplains and complex floodplains are generally not mixed in the cluster 

analysis (Figs. 3.11 and 3.16). However, DFA predictions were based on a subset of the total 

species used in the cluster analysis; also these two geomorphic types were similar in 

morphology ifless so in upper substratum (Table 3.2; Figs. 3.13 and 3.14) and they do have 

some common species (Tables 3.9 and 3.12). In addition, all of the bedrock platforms found 

were above the C. cunninghamiana distribution limit, which suggests that C. cunninghamiana 

influence the development of complex floodplains in the study areas. Despite some 

anomalies, vegetation distribution reflects geomorphic variation at the riparian reach scale, 

which points to geomorphology forming a template for vegetation distribution. 

Geomorphology as a template for vegetation distribution may also influence species richness. 

Burnett et al. (1998) found that more complex geomorphic landscapes (soil, slope, aspect) 

contained greater species richness for a non-riparian situation, similarly Nilsson et al. (1989) 

found highest species richness where substratum types were most numerous. In comparison, 

reaches in this study with apparently low substratum complexity of bedrock some sand and 

cobble (Figs. 3.13 and 3.15) contained the highest species richness; although some of these 

sites (especially the gorges) did contain a high level of topographic diversity (Fig. 3.15). 

Everson and Boucher (1998) also found highest average species richness in bedrock 



Chapter 3 89 

dominated areas. Unlike Burnett et al. (1998) and Nilsson et al. (1989) reaches in this 

study with a reasonably high overall level geomorphic diversity, for example terraced (Fig. 

3.12) and the complex floodplain reaches (Fig. 3.14), had low species richness compared to 

the gorges and bedrock platforms (Table 3.7). 

There are several possible reasons for high species richness in bedrock areas. Firstly, bedrock 

would be a more stable substratum during flooding, reducing the chance of plants being 

washed away and allowing more species to exist ( e.g. Hupp 1992; Everson and Boucher 

1998). Secondly, smaller woody species existing in a bedrock-dominated area are not out 

competed by large trees, for instance bedrock platforms were not dominated by 

C. cunninghamiana. Further, in locations where large C. cunninghamiana occur there was 

lower species richness (Table 3.7). Finally, few of the species found in bedrock influenced 

riparian reaches are obligate riparian species, this suggests that bedrock is important in 

ameliorating flood effects by having limited root inundation after the flooding as well as low 

substratum erosion. The opposite of these bedrock effects is true for non-bedrock reaches 

such as complex floodplains, which are also associated with low species richness (Tables 3. 7 

and 3.10). Therefore, the high species richness of bedrock areas is not unexpected given the 

advantages to plants establishing in these locations. Previous findings that associate 

geomorphic or substratum diversity with high species richness are not supported for these 

Australian upland riparian zones. The clear patterns of high species richness in locations 

where bedrock is dominant ( especially gorges) serves to further exemplify the utility of 

geomorphology as a riparian habitat template. 

3.4.4 Summary and conclusion 

Differences in soil type were shown to result in different species growth, in this case from 

nutrient differences. This growth relationship was not reflected by species distribution in the 

field, which may be because the soils tested, apart from sand, are not common in the riparian 

zone of the study area. Anecdotal evidence further supported nutrient growth differences 

because C. cunninghamiana were observed to grow faster downstream of a sewage plant on 

sandy soil than in upstream reaches. Higher nutrient levels were associated with smaller soil 

particles. Despite the soil experiment results not clearly matching species-soil relationships in 

the field, associative evidence (Table 3.5) does suggest a relationship between substratum and 

species distribution. A better experimental design might have been employed to more 

adequately look at riparian species-substratum relations, rather than just nutrient effects. 
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Soil type was the smallest scale of investigation in this chapter. Moving up a spatial scale to 

geomorphic unit type, vegetation pattern was clearly associated with geomorphic unit 

conditions, such as hydrology and substratum type (Table 3.6). This association between 

geomorphic units and important vegetation process variables also allowed a link to be made 

between species distribution and disturbance exposure and species tolerance to disturbance 

(tested in Chapters 4 and 5). Other unit or smaller scale geomorphology related variables 

such as ground water or soil drainage and water retention may also be important, but could 

not be tested in this thesis. Overall, pattern in vegetation does reflect characteristics 

summarised by the geomorphic unit scale. 

Moving to a larger scale: vegetation distribution across geomorphic units was found to reflect 

the riparian reach type. The plot groupings around different reach types in the cluster analysis 

and the prediction of riparian reach type from key species using DF A, indicated that the 

species complement of reach types is fairly discrete. Some mixing does take place, but there 

are reasons for this to occur, for example common bedrock substratum. Adding other rivers 

to the analysis tested the influence of riparian reach type on vegetation pattern further: some 

patterns became less clear because of river-valley specific species, but vegetation compliment 

did still clearly represent geomorphic conditions. 

The pattern of smaller scale (geomorphic unit) variation reflecting larger scale (riparian reach) 

variation indicated the hierarchical nature of riparian geomorphology and hence species 

distribution. This hierarchical species distribution pattern also gave support to the idea that 

geomorphic characteristics represent habitat filters at different scales, which was also 

demonstrated in Chapter 2 with a different data set. Based on this evidence, where species 

distribution reflected the hierarchical spatial pattern and the fact that geomorphic structures 

represent a suite of riparian physical process variables, geomorphology can therefore be 

considered a template on which riparian species are distributed at different spatial scales. 

Further, geomorphology would make an excellent template to guide riparian restoration (e.g. 

Appendix 4). Ultimately, the operation of geomorphology as a species template means that 

species distribution should be predicted with reasonable accuracy using geomorphic 

characteristics as predictor variables, this could further contribute to rehabilitation exercises 

this prediction idea was investigated (Chapter 6). 
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CHAPTER 4. THE EFFECT OF INUNDATION ON 
RIPARIAN VEGETATION ESTABLISHMENT, GROWTH AND 
SURVIVAL 

4.1 INTRODUCTION 

The morphological nature of the riparian zone is highly dependent on flooding. Previous 

studies have shown that riparian vegetation patterns alter with changes to the flood regime, for 

example caused by river regulation (e.g. Rood and Mahoney 1990; Bradford 1994; Nilsson 

and Jansson 1995; Thomas 1996; Nilsson et al. 1997). To determine whether changes to the 

flood regime will have an effect, the response of plant regeneration to flooding must be 

determined. 

Dependencies between successful regeneration of riparian plants and, inundation and its 

timing have previously been noted (e.g. Dexter et al. 1986; Jones et al. 1994; Everitt 1995; 

Stromberg 1997; Erskine et al. 1999). However, there is a dearth of information concerning 

regeneration responses of riparian species to flooding in upland areas. These areas in 

Australia are becoming more populated increasing the demand for water resources; therefore, 

it is important to gain understanding of the hydrological requirements of riverine ecosystems 

in this region. Understanding and acting upon knowledge of species flood tolerances would 

increase the chances of maintaining functioning, healthy riparian vegetation. 

4.1.1 Flood regime and why it is important to riparian vegetation regeneration 

In this thesis, floods are considered to be river discharges that exceed bank-full level, inundate 

the riparian zone and have velocity. The degree to which flood inundation affects a plant is 

related to flood disturbance characteristics. Flooding has several measures of magnitude and 

intensity that are important to riparian vegetation, including stream power, velocity, return 

period, season, depth of inundation and duration of inundation. The disturbance 

characteristics of a flood regime will vary with elevation above the channel, thus influencing 

species distribution (Franz and Bazzaz 1977; Baker and Walford 1995; Battaglia et al. 1995). 

Flood depth can result in different plant responses, for example, seedlings have been found to 

be more tolerant of partial submergence than total submergence (Siebel et al. 1998). 

Similarly, flood duration affects plant survival differently depending on species tolerance 

(King 1996), plant age and season (Siebel and Blom 1998). This chapter focuses on the 
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inundation effects of a flood in the absence of velocity in terms of water depth and duration, 

while velocity is considered in the next chapter. 
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Flooding can have both positive and negative effects on plants within the riparian community. 

The positive implications of a flood can include the supply of water, nutrients and open 

ground (through new sediment deposition or removal of existing plants). On the other hand, 

if a species is not adapted to flood conditions or the flood lasts for too long, negative effects 

can occur. Such effects include: the inhibition of gas diffusion, limited carbon dioxide, 

reduced nutrient availability in saturated soils and the accumulation of toxic substances in 

soil, with the primary effect being lack of oxygen (Blom et al. 1990; Blom and Voesenek 

1996). These effects may result in reduced growth, no growth or death. Plant mechanisms 

for dealing with these problems include glycolysis instead of aerobic respiration, 

photosynthesis at a reduced carbon dioxide level, reduced respiration and the development of 

adventitious roots (Blom et al. 1990; Blom and Voesenek 1996). These adaptive mechanisms 

result in plant survival and in some instances increased growth. Thus, flooding could be 

considered as a subsidy if a plant is tolerant, because, for example, it can supply moisture and 

nutrients, but if flood duration is too long or a species is not tolerant, then it can become a 

stress. This idea was described by Odum et al. (1979; also see Chapter 1, section 1.4.3). 

Other resources for plant regeneration provided by flooding include a seed dispersal vector, 

moisture for seed germination (Johnson et al. 1976) and open space for establishment 

(Stromberg 1997). It does not matter where moisture for germination comes from, for 

example flood draw-down or rain, as long as the seed is not removed or damaged. In an 

upland area where rivers are close to their headwaters, as was the case for the present study, 

rainfall events will probably occur at similar times to the generation of flood events in the 

headwaters. However, while rainfall supplies moisture, it cannot remove competition from an 

establishment site. Friedman et al. (1995) found that cottonwood establishment was limited 

by the availability of competition-free moist sites that did not continue to be scoured by river 

water, which can remove seedlings. Therefore, a flood can have positive or negative 

influences on germination and establishment, given that floods can remove individuals or 

drown seedlings, but a flood can also provide moisture for germination, growth and create 

suitable establishment sites. 

Plants can be affected by inundation in any of the life stages: the seed, seedling and sapling 

( or regeneration phase) and the adult stage. This study focuses on the regeneration phase, 
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when an individual would be particularly vulnerable to flooding (Gill 1970; Siebel et al. 

1998). Flooding has been found to be necessary for regeneration of some North American 

species (e.g. Johnson et al. 1976; Rood and Mahoney 1990). Similarly, some lowland 

floodplain plant species in Australia show a reliance on flooding ( e.g. Bren and Gibbs 1986; 

Bren et al. 1987). However, inundation requirements for upland species where the riparian 

areas are narrow, exposed to fast flows and are inundated for a shorter duration is not well 

understood. Consequently, plants establishing in upland riparian zones may have a low 

tolerance to flooding compared to lowland species because flooding in upland areas is 

typically of shorter duration. It is postulated in this chapter that flooding may not be a critical 

process for plant regeneration and survival in upland riparian areas. 

Germination is another aspect of species regeneration niche that requires consideration. For 

germination to occur moisture and adequate temperature is required (Campbell 1990). 

However, Van Splunder et al. (1995) found, for the willow species investigated, that 

germination was independent of temperature but not of moisture. Studies of North American 

popular and willow species, which tend to have short-lived seeds (Rood and Mahoney 1990), 

have found that water availability from flooding coincides with the seed maturity and 

dispersal stage, inferring that moisture for regeneration can be gained from flood water ( e.g. 

Johnson et al. 1976; Johnson 1994 and 1992; Van Splunder et al. 1995). It is not known 

whether season of peak seed germination coincides with common flood season for Australian 

upland species. If such a relationship exists then the alteration of seasonality of flow regimes 

from regulation may impact on the regeneration of riparian species. This chapter reports on 

the interaction of peak flood season and germination through seed germination trials. 

Overall, inundation has been found to affect the survival and growth of vegetation ( e.g. Jones 

et al. 1989; Siebel et al. 1998; Anderson and Pezehki 1999). This effect appears to be largely 

dependent on a species tolerance to inundation (Lenssen et al. 1998) and soil saturation 

(Hosner and Boyce 1962). The pattern of species in the riparian zone has been found to 

reflect tolerances, so that more inundation-tolerant species are found at the river edge where 

flooding is common, and less tolerant species at the outer riparian zone where flooding is rare 

(Hosner 1958; Menges and Waller 1983; Jones et al. 1989). Species response to inundation 

will change depending on, for example, the depth of inundation ( e.g. partial plant coverage or 

total; Siebel et al. 1998), age of the plant (Voesenek et al. 1993; Siebel and Blom 1998), the 

substrate that a plant is growing in (McBride and Strahan 1984; Smith et al. 1995; Wallace et 

al. 1996; Cooper et al. 1999), season of flooding (Siebel and Blom 1998) and the duration of 
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inundation (King 1996; Stromberg 1997). Therefore, plant inundation response should be a 

combination of individual plant tolerances and also the prevailing environmental conditions. 

4.1.2 Aims 

The duration and depth of inundation are two important components of a flood for the 

establishment and survival of riparian plants. This study aims to determine whether the depth 

and duration of inundation affect upland plant performance and survival for five common 

riparian zone species. Experimental results will be compared to riparian seedling patterns in 

the field to test whether species performance is reflected by field distribution. A further aim 

is to determine whether flood or rainfall season reflects optimum germination period. 

4.2 METHODS 

4.2.1 Field seedling occurrence 

The information collected for this section of the thesis is also used in Chapters 3 and 5. The 

methods are presented in total in this chapter, whilst results that relate directly to either 

Chapter 3 or 5 are reported in that chapters' results section. 

Seven 1 km long sites were randomly chosen along the Murrumbidgee River above Halls 

Crossing (Chapter 2 site map Fig. 2.2) in areas where Casuarina cunninghamiana, 

Callistemon sieberi, Leptospermum obovatum, Acacia dealbata and Kunzea ericoides adults 

grew. At each site three transects were located, 100 m long (parallel to river channel) and 

50 m wide (Fig. 4.1 ). The start of each transect was chosen by randomly selecting a number 

of metres from the car or last transect. Within each transect three plots were located, being 

the first 20 m, third 20 m and the last 20 m of the 100 m transect. 
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Figure 4.1. Sampling design for the seedling occurrence data collection. The 100 m transects were parallel to 
the river and not straight line distance. 

Within each 20 by 50 m plot the following was recorded: 

• channel geomorphic type: inner meander, outer meander, run, pool and riffle; 

95 

• current velocity of the river at every 10 m point within the 20 m plot ( excluding 0 m) - the 

measurements were taken 0.5 min from the river edge and 5 cm from the river base using 

a Marsh-McBimey Inc. Flo-Mate model 2000 electro magnetic flow meter with fixed 

point averaging for 10 seconds; 

• presence of any young woody plants of the five experimental species up to 0.5 m high; 

• if any such plants occurred, the distance to the river at bank-full, elevation above the river 

edge at bank-full level and the height of each individual was measured; 

• within a 10 cm radius of each individual, the common substratum, 1 cm below the soil 

surface was categorised as clay, silt, sand, gravel, cobble and bedrock; although only sand, 

cobble and bedrock were commonly found (i.e. the major proportion of the substratum) so 

the substratum data were re-categorised into one of sand, bedrock or cobble; 

• percent canopy cover was estimated above each seedling (McDonald et al. 1990); 

• percent herbaceous cover was estimated for 0.3 m2 surrounding each seedling; and 

• bank slope was measured with a clinometer over a 1 m distance from the water edge, 

where the velocity was measured (3 measurements). 
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Velocity and bank slopes were averaged in the analysis for each plot. Single factor ANOV A 

was used where possible to determine differences between factors given the constraints of an 

unbalanced design associated with geomorphic type and species occurrence factors. The 

ANOVA was followed by Tukey's tests to determine where significant differences lay. 

Graphs were constructed to observe associations between categorical variables. The 

following hypotheses were investigated: 

Hypothesis: seedlings of obligate riparian species such as C. cunninghamiana, L. obovatum 

and C. sieberi (obligate riparian species) will occur closer to the river edge compared 

to A. dealbata and K. ericoides (non-obligate species; variable: distance to river; 

factor: species) 

Hypothesis: dense canopy cover (low light) is associated with low seedling occurrence 

(variable: canopy cover;factor: species) 

Hypothesis: dense herbaceous cover is associated with low seedling occurrence (variable: 

herb cover; factor: species) 

4.2.2 Sequential inundation experiment 

Flood inundation can have different effects on plant growth and survival depending on the 

height of the water above the plant (Jones et al. 1989; Siebel et al. 1998). The gradient of 

inundation draw-down in the field may begin with complete plant inundation to plant partial 

inundation to soil saturation. A field inundation gradient will be relative to the position of a 

plant on the elevation gradient above the river channel. Consequently, depending where a 

plant is located it will have different inundation effects as well as different floodwater draw 

down effects. Assuming that a plant is located on alluvial soil, total plant inundation will last 

for the duration of maximum river discharge followed by a draw-down phase then degrees of 

soil saturation. This experiment attempts to reflect this gradient from complete inundation to 

partial inundation to soil saturation so that the effects of inundation on seedling growth and 

survival can be determine. 

Seeds of C. sieberi, C. cunninghamiana, K. ericoides, A. dealbata and L. obovatum 

(Appendix 3) were germinated in trays of potting mix, covered with sand and watered twice 

daily. Prior to placing A. dealbata in the germination trays, seeds were placed in boiling 

water and allowed stand overnight. Individual seedlings were placed in pots filled with 
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standard potting mix and allowed to grow on until established. Six pots containing healthy 

seedlings of approximately the same size per species were selected for experimental 

treatment. The inundated treatments were randomly placed in a pond in the glasshouse, with 

differential inundation achieved by placing the pots on raised platforms within the pond. The 

experimental plants were treated with the following: 1) Half pot Flooded (HF) treatment, 

inundated half way up the pot for 5 days, removed from inundation and then watered daily for 

26 days; 2) Soil Area (SA) treatment, inundated to just above the soil surface for 5 days, 

inundated half way up the pot for 5 days, removed from inundation and then watered daily for 

21 days; 3) Complete Flood (CF) treatment, completely immersed for 5 days, then inundated 

to just above the soil surface for 5 days, then inundated halfway up the plot for 5 days, 

removed from inundation and then watered daily for 16 days; and 4) the control, watered 

daily for 31 days without being inundated. The median duration of total inundation for 

locations close to the river and at low elevations for the upper Murrumbidgee River was 5 

days, so this was the duration chosen for inundation exposure (based on flow spell analysis 

performed for Chapter 6). All plants were randomly located within the inundation treatment 

and on the benches within the glasshouse after inundation. Plants were all measured for 

height at the start, at each change in treatment and at the end of the experiment. 

Biomass was calculated pre-treatment by sampling 10 plants of each species that were of 

similar size to the experimental plants, and then at the end of the experiment by cutting all 

treated plants. Regressions were conducted to predict biomass of plants not harvested prior to 

treatment based on heights measured using the experiment-commencement harvested plants. 

However, the regressions were poor, having very low R2 values, because there was little 

variation in the biomass data. T-tests were then performed on mean heights of the 

experiment-commencement harvested plants compared to the heights of the experimental 

plants. The heights between plants were not significantly different. Mean biomass for each 

pre-treatment harvested species was calculated and used as surrogate for the initial biomass of 

the experimental plants. From the initial biomass and the final biomass, and heights, the 

relative growth rate (RGR) was calculated using the formula: 

Shoot RGR=(ln (biomass final)-ln (biomass initial))/number of days in the interval 

Height RGR=(ln (height final)-ln (height initial))/number of days in the interval 
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Factorial ANOVA was used to determine whether there were significant differences in 

biomass RGR and height RGR between the inundation treatments and species. All data sets 

were tested for normality with a Shapiro Wilks test and homogeneity of variances by graphing 

residuals and performing a Levens test; the data sets were then transformed accordingly. 

Significant results were graphed. When a graph described a significant interaction a 

connected scatter plot was utilised. The connected points in each of these graphs are not 

continuous and the joining lines are included for easier viewing of the interaction. The 

following null hypotheses were tested: 

Hypothesis: there is no growth difference between species following treatment; 

Hypothesis: there is no plant growth difference between treatments; and 

Hypothesis: there is no growth difference between species and treatment type. 

4.2.3 Sacrificial immersion 

Ten established plants (same as above) of C. sieberi, C. cunninghamiana, L. obovatum, 

K. ericoides and A. dealbata, were measured for height and immersed completely in water. 

The plants were inundated until plant leaves were all brown (appeared dead) or all leaves had 

dropped off; the plants were then taken out of water and measured for height. Single factor 

ANOV A was used to test differences between species for the number-of-days-alive while 

completely inundated and the differences in height RGR between species. The null 

hypotheses tested were: 

Hypothesis: all species survive total inundation for the same period of time; and 

Hypothesis: all species grow the same amount whilst inundated. 

4.2.4 Germination temperature experiments 

Growth chambers were used for germination trials (this chapter) and also the 'cut and flood 

experiment' (Chapter 5). To determine whether the growth chambers available for use were 

of standard conditions, a growth chamber validation was carried out. In each of the four 

growth chambers available, pots with soil and wheat seed were placed in four by eight rows. 

Eight seeds were placed in each pot and thinned to five seedlings after germination. 

Temperature and light conditions were also monitored. After four weeks growth the plants 

were harvested, dried and weighed. Nested ANOV A were performed to test whether there 

were significant differences between growth chambers and within chambers for each pot 
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location, rows, columns and blocks of pots. For every model of the experiment, cabinet 

biomass came out as being significantly different (P>0.0000). It was found that one cabinet 

from a different manufacturer was different to the other three cabinets. The different cabinet 

resulted in significantly lower biomass, which was on average 2.4 g compared to an average 

of 4.5 g biomass for the other cabinets. It was concluded that this result was from lower light 

levels. Consequently, this cabinet was excluded from all experiments. 

Seed germination trials were run in the three similar growth chambers at three different 

temperatures. The temperatures were l 5°C, 20°C and 25°C chosen to reflect Spring, Autumn 

or Summer temperatures. Light levels were the same for all chambers. The chambers were 

under light for 12 hours and darkness for 12 hours on a 24 hour cycle. For each temperature 

treatment there were five species, with six replicates for each species. The species were 

C. cunninghamiana, L. obovatum, C. sieberi, K. ericoides and A. dealbata. Seeds were placed 

in covered petri dishes that contained two layers of moistened filter paper. To reduce fungus 

problems the bottom layer of filter paper was treated with half strength Thiram fungicide 

solution. The petri dishes were placed in random order in the growth chamber. The 

germinants were counted daily and removed. 

For the species with seed size over 2 mm, 25 seeds were counted out and used in each petri 

dish. The small seeded varieties, C. sieberi, L. obovatum and K. ericoides were all 

approximately the same size. It was known that for K. ericoides there is approximately 

14 000 seeds per gram, so 0.0147 g of seed was used resulting in approximately 145 seeds. 

4.3 RESULTS 

4.3.1 Field seedling occurrence 

Problems occurred with the design of the ANOVA analysis because some of the combinations 

between geomorphic type and species had no replication. When sites were randomly selected 

it was not known what geomorphic types or seedlings of a species were present at a site. 

Consequently single factor ANOVA was used to examine most of the hypotheses listed in the 

methods. Where significant differences were found, the Tukey's test results are reported in 

the caption title of the relevant figure. 
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Different species tended to be found in distinct canopy and herbaceous cover conditions. 

Herbaceous cover was significantly different for species (Table 4.1 ). Plots where no 

seedlings occurred had significantly higher herbaceous ground cover, followed by plots with 

A. dealbata (Fig. 4.2). Canopy cover was significantly different for species occurrence 

(Table 4.1). C. sieberi and K. ericoides were found in high light areas of less dense canopy 

cover and C. cunninghamiana, L. obovatum and A. dealbata under the lower light levels of 

more dense canopy cover (Fig. 4.2). No seedlings occurred where both canopy cover and 

herbaceous cover were highest (Fig. 4.2). There was also a slight trend for increasing herb 

cover with higher elevation above the river (Fig. 4.4 ). Herb cover also appears to be higher 

where there were less or no woody seedlings (Fig. 4.4). However, sampling was biased 

towards woody plants in that plots were only sampled where woody plants were present, so a 

reasonable representation of herbaceous cover was not measured. Therefore, it is difficult to 

determine whether there is a true relationship between percent herb cover and elevation. 

There were significant differences between species for distance to the edge of the river 

(Table 4.1 ). C. cunninghamiana, C. sieberi and L. obovatum seedlings tended to be found 

closest to the river, while K. ericoides and A. dealbata were found the furthest away from the 

river edge (Fig. 4.3). There were also significant differences between species for elevation 

above the river bank-full level (Table 4.1), showing a similar relationship to distance to the 

river edge (Fig. 4.3). The species relationship to position across the riparian zone was 

therefore quite distinct. 

Table 4.1 . ANOVA table for single factor analyses considering relationships between species occurrence and 
physical habitat variables and between habitat indicator variables. P-levels significant to 0.05 are underlined. 

Factor Variable df MS df MS 

Effect Effect Error Error F p-level 

species Logl0 % canopy 5 1.512991 118 0.264248 5.7256 .0001 

species %herb cover 5 849.2220 118 151.5164 5.6048 .0001 

species m to river 4 179.3738 104 25.16642 7.1275 .0000 

species Elevation above river 4 53.57487 104 10.82389 4.9496 .0011 
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Figure 4.2. Percent canopy and herbaceous cover averaged for plots that contained each species or no 
seedlings. There were significant differences for both herbaceous and canopy cover. A Tukey's test found plots 
with no seedlings had significantly higher herbaceous cover than plots containing all other species except for 
A. dea/bata, which in turn were not significantly different in herbaceous cover to any other plots. For canopy 
cover, plots with no seedlings had significantly higher canopy cover than plots with C. sieberi and K. ericoides. 
Canopy cover in plots with L. obovatum and A. dealbata were not significantly different to any other plots. Plots 
with C. sieberi had significantly lower canopy cover than plots with C. cunninghamiana, A. dea/bata and no 
seedlings. 
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Figure 4.3. Distance {m) to the river edge and elevation {m) above river edge averaged for plots that contained 
each species. There were significant differences between species for both elevation and distance. A Tukey's 
test found A. dealbata to be the same average distance to the river as all other species except C. sieberi, which 
was also significantly closer to the river than K. ericoides. C. cunninghamiana and L. obovatum were the same 
distance to the river as all other species except K. ericoides, which was significantly further from the river. 
Elevations where C. sieberi were found was significantly less than for A. dea/bata and K. ericoides but not 
different to L. obovatum and C. cunninghamiana. 
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To gain an idea of whether establishment occurs in events or randomly, graphs were 

constructed based on species height. Clusters of seedlings of similar height, and hence age, 

were found to occur in some sampling plots (Figs. 4.5 and 4.6). Only C. cunninghamiana and 

C. sieberi were graphed because the high numbers of these species seedlings allowed trends to 

be discerned. 
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Figure 4.4. Number of woody plants and percent herb cover compared to elevation above river bank-full level. 
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Figure 4.5. Mean height and number of individual C. cunninghamiana in sampling plots where C. cunninghamiana 
was present. The dashed lines enclose examples of seedling clusters that had similar height and a large number 
of individuals in a plot, possibly indicating a recruitment event. 
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Figure 4.6. Mean height and number of individual C. sieberi in sampling plots where C. sieberi was present. 
Each data point represents one plot. The dashed lines enclose examples of seedling clusters of similar height 
with a large number of individuals, which possibly indicates a recruitment event. 
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4.3.2 Sequential flood immersion experiment 

There were significant differences between species for shoot biomass and height RGR in the 

sequential immersion experiment (Table 4.2). For species differences alone, A. dealbata and 

C. cunninghamiana had significantly the lowest RGR for both height and biomass (Fig. 4. 7). 

K. ericoides had the same RGR as A. dealbata and C. cunninghamiana for height but higher 

for biomass. C. sieberi and L. obovatum had the highest RGR for biomass in addition to 

K. ericoides for height (Fig. 4. 7). Generally, A. dealbata and C. cunninghamiana grew less 

than C. sieberi, L. obovatum and K. ericoides. 

There was a significant interaction between species and inundation treatment for shoot 

biomass RGR. The Tukey's test of treatment means found that C. cunninghamiana was not 

significantly different to any other species, except for control C. cunninghamiana which grew 

less than L. obovatum and C. sieberi in the SA treatment (soil saturation; Table 4.3). Despite 

the indistinct placement of C. cunninghamiana in the Tukey's test, this species did 

demonstrate a very clear trend of greater growth for the inundated treatments compared to the 

control (Fig. 4.8). A. dealbata had a significantly lower biomass RGR than other species for 

the inundation treatments, except C. cunninghamiana (Table 4.3). Also between treatments 

for the species, A. dealbata had lower RGR in the CF ( completely flooded) treatment than the 

control for this species (CO; Table 4.3). The response of K. ericoides was not different to any 

other species under any treatment, except some variants of inundated A. dealbata (Table 4.3). 

C. sieberi and L. obovatum were not significantly different to each other, and were similar to 

K. ericoides, but they were different to inundated A. dealbata (Table 4.3). In summary, 

C. sieberi, L. obovatum and, to a lesser degree C. cunninghamiana, formed a group of 

inundation tolerant species (Fig. 4.8). K. ericoides could be added to this group, although it 

had a trend for decreased growth in the complete inundation treatment, so it appears to be 

tolerant oflow intensity inundation (Fig. 4.8). A. dealbata was intolerant of inundation, 

demonstrating a negative response to all of the inundation treatments. There was also a trend 

for inundation tolerant species (C. sieberi, L. obovatum and C. cunninghamiana) to have 

greater growth for inundation treatments than the control, which had no inundation (Fig. 4.8). 

There was a significant interaction for height RGR for species between inundation treatments 

(Table 4.2). The species responses for this variable tended to form three groups, similar to 

biomass RGR. A. dealbata demonstrated a trend of a high RGR for the control treatment, 

which decreased with inundation and was also significantly different fom most other species 



Chapter 4 105 

for all of the inundation treatments (Fig. 4.9 and Table 4.4). The only other species that 

demonstrated a similar trend was K. ericoides (Fig. 4.9), although this trend did not show up 

as being significant between treatments (Table 4.4). C. cunninghamiana, L. obovatum and 

C. sieberi produced a trend opposite to A. dealbata, because they had faster height RGR 

through increasing flood treatment intensity (Fig. 4.9). This trend was again complicated by 

C. cunninghamiana, because C. cunninghamiana only had significantly higher RGR than 

A. dealbata for the soil saturation (SA) and completely inundated (CF) treatments (Table 4.4). 

Also, RGR of C. cunninghamiana was significantly lower than C. sieberi and L. obovatum for 

all treatments except CF (Table 4.4), despite C. cunninghamiana demonstrating a similar 

trend to L. obovatum and C. sieberi (Fig. 4.9). Again this trend was probably because of the 

relatively low growth rate of C. cunninghamiana. Thus, A. dealbata was more intolerant of 

inundation than C. cunninghamiana, C. sieberi and L. obovatum which grew better under 

inundation, while K. ericoides is tolerant of inundation but demonstrates a non-significant 

growth decrease for the completely inundated treatment (Fig. 4.9). 

Responses of species were similar when comparing biomass RGR to height RGR, but there 

are differences. For the species that were tolerant to inundation, C. sieberi, L. obovatum and 

C. cunninghamiana, there was a trend for biomass RGR to be elevated at the HF treatment 

(inundated to half pot height) and to be highest for the SA and CF treatments compared to the 

control (Fig. 4.8). When height RGR was considered, there was a trend for 

C. cunninghamiana and C. sieberi to have the highest RGR at the most intense flood 

treatment, CF (Fig. 4.9). K. ericoides is an intermediate species and showed a more positive 

biomass response to soil saturation (HF and SA; Fig. 4.8), whilst for height RGR, soil 

saturation treatments were approximately the same as the control (Fig. 4.9). A. dealbata 

showed a similar negative response to flood treatment for both height and biomass RGR 

variables. 
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Table 4.2. ANOVA table for inundation treatment and species for both biomass and height RGR. Probabilities 
significant at 0.05 are underlined. 

Variable Factor df MS df 

(RGR) between between within 

Biomass Flood treatment 3 .000166 100 

Species 4 .001724 100 

Flood treatment x 12 .000365 100 
species 

SQRT Height Flood treatment 3 .000361 98 

Species 4 .012988 98 

Flood treatment x 12 .002984 98 
s ecies 

0.028 

0.024 

0.020 

0.016 

0.012 

0.008 

0.004 

0.000 

-0.004 
A. dealbata C. sieberi L. obovatum 

C. cunninghamiana K. ericoides 

Species 

MS 

within 

.000150 

.000150 

.000150 

.000518 

.000518 

.000518 

...,. Biomass 
RGR 

·+- Height 
RGR 

F p-level 

1.1063 .3503 

11.5051 .0000 

2.4330 .0081 

0.6975 .5558 

25.0684 .0000 

5.7587 .0000 

Figure 4.7. Comparison of average RGR for the interaction between biomass and height for each species. There 
were significant differences between species for both biomass and height (Table 4.2). For RGR using height, 
C. sieberi and L obovatum were significantly different to A. dealbata, C. cunninghamiana and K. ericoides. 
For RGR using biomass, A. dea/bata and C. cunninghamiana were significantly different to C. sieberi, 
L. obovatum and K. ericoides. The data are not continuous and the joining lines have been included for easier 
viewing. 
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Figure 4.8. Comparison of average biomass relative growth rate (RGR), for the interaction between species over 
the four inundation treatments. The interaction between species and flood treatments is significant (Table 4.3). 
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Figure 4.9. Comparison of average height relative growth rate (RGR) for the interaction between species over the 
four inundation treatments. The interaction between species and flood treatments was significant (Table 4.4). 
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Table 4.3. Tukey's factorial comparison of treatment means comparing the significant interaction of species and 
inundation treatment for biomass RGR. Probabilities less than 0.05 are marked with'*', less than 0.01 with'**' 
and non-significant values with'-'. For species AD=A. dea/bata, CC=C. cunninghamiana, CS=C. sieberi, 
KE=K. ericoides and LO=L. obovatum. For treatments, CO=control (not inundated), HF=inundated to half way 
up the pot, SA=inundated to the pot soil level and CF=plant and pot completely inundated, ave=treatment mean. 
The table is symmetric and the shaded values indicate mirror cells. 

co co co co co HF HF HF HF HF SA SA SA SA SA CF CF CF CF CF 

AD cc cs KE LO AD cc cs KE LO AD cc cs KE LO AD cc cs KE LO 

ave N "' - - - -0 N 0 N "' N 0 N "' N ,,., - N N N ,,., 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

co * 
AD 
co * * cc 
co -
cs 
co -
KE 
co -
LO 
HF - * * * * * 
AD 
HF -
cc 
HF 
cs 
HF .. * 
KE 
HF 
LO 
SA - * * * * 
AD 
SA -
cc 
SA - • • ,._ 

** cs 
SA - ** 
KE 
SA - • • ~ ** 
LO 
CF • ~ .. ** 

,.,. ... ** ** 
AD 
CF 
cc 
CF •• 
cs 
CF 
KE 
CF • • -LO 
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Table 4.4. Tukey's factorial comparison of treatment means comparing the significant interaction of species and 
inundation treatment for square root transformed height RGR. Probabilities less than 0.05 are marked with'*', 
less than O.Q1 with'**' and non-significant values with'-'. For species, AD=A. dea/bata, CC=C. cunninghamiana, 
CS=C. sieberi, KE=K. ericoides and LO=L obovatum. For treatments, CO=control (not inundated), 
HF=inundated to half way up the pot, SA=inundated to the pot soil level and CF=plant and pot completely 
inundated, ave=treatment mean. The table is symmetric and the shaded values indicate mirror cells. 

co co co co co HF HF HF HF HF SA SA SA SA SA CF CF CF CF 
AD cc cs KE LO AD cc cs KE LO AD cc cs KE LO AD cc cs KE 

00 

ave "' N 00 'O ..... "' .... "' "' 00 0 .,., 
"' 'O 00 2l ..... "' 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

co ** - - - ** * - - - ** - - - - ** - - ** 
AD 
co ..... * - - - - ** - * - - ** - ** - - ** -
cc 
co - u - - * - - - - ** - - - - * - - -
cs 
co - - - - - - - - - * - - - - - - - -
KE 
co . . . - - - - - - ** - - - - - - - -
LO 

HF ,u - .. - - - ** - * - - ** - ** - - ... -
AD 
HF ... . - - . . ** - - - . ** . * - . ** -
cc 
HF . •• . - . ** ** - - ** - - - - ** - - ** 
cs 
HF - - - . - . - . - - - - - - - - * -
KE 
HF - ... - . - • . - . ** - - - - ** - - -
LO 

SA + - •• .. .,. , - - ... . *'I< - ** * ** - ** ** . 
AD 
SA - . . - . - - . . - . - - - - - ** -
cc 
SA - .... . . - - - - - - ... - - - ** - - ** 
cs 
SA - - . - - - - - . - • - - - - - - -
KE 
SA - "'"' . - - ... • . - - . - . ** - - * 
LO 

CF *"' - ... . - - - ** - -· - - ... - ... * * -
AD 
CF - . . . . . - - - - ..,. - - - - '"• - -
cc 
CF . ... - . . .. .. ..... - * . ..,. ... . . - ... - ** 
cs 
CF .... - - - - - - ,.,. - * - . .... . * - - ** 
KE 
CF - ... - - - •• * . . - .... . . . . *\I' - - " 
LO 

In relation to the specific hypotheses posed and tested in this Chapter, the following were 

found; i) that there was no plant growth difference between inundation treatments; ii) that 

there were plant growth differences between species; and iii) that there were growth 

differences between species and treatment types. 
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4.3.3 Sacrificial immersion experiment 

When plants were immersed until they appeared dead (all leaves brown) no plants showed 

any ability to regenerate once taken out of complete immersion. However, there were 

significant differences between species for the number of days a species was able to withstand 

inundation before all the leaves turned brown (Table 4.5). Both C. cunninghamiana and 

C. sieberi were able to survive the longest when completely inundated; L. obovatum had 

intermediate tolerance, although it was not significantly different from K ericoides and 

A. dealbata, (Fig. 4.10). 

Species height RGRs were significantly different for the period until death (Table 4.5). When 

height RGR was calculated using the average days until death for each species: A. dealbata 

showed a negative growth rate which was from loss of leaves and petioles whilst inundated; 

L. obovatum and K. ericoides had the largest RGR (Fig. 4.11 ); and C. cunninghamiana and 

C. sieberi had relatively low RGR which was probably because these two species were 

flooded for a much longer duration, slowing overall RGR (Fig. 4.11 ). However, when RGR 

was calculated using the mean days to death for all species (97), the pattern changed: 

K. ericoides became the only species not significantly different to any others and 

L. obovatum, C. cunninghamiana and C. sieberi had significantly larger RGR than 

A. dealbata (Fig. 4.12). In hindsight it would have been better to make measurements at 

regular intervals through time. 

Table 4.5. One-way ANOVA on the effect of inundation on the number of days until death and height RGR of the 
five experimental species. Probabilities significant at 0.05 are underlined. 

Variable df MS df MS 

Days to death for Species 

Height RGR for Species 

RGR/mean days for species 

Effect Effect 

4 

4 

4 

62073.28 

.000057 

.000017 

Error Error 

45 

45 

45 

1485.167 

.000016 

.000002 

F p-level 

41.7955 .0000 

3.5768 .01289 

7.3642 .0001 
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Figure 4.10. Variation in the number of days until death for species subjected to complete inundation. 
K. ericoides, A. dealbata and L. obovatum were significantly different from C. cunninghamiana and C. sieberi. 
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Figure 4.11 . Comparison of species RGR (height) for the number of days alive whilst under complete inundation. 
K. ericoides and L. obovatum are significantly different from A. dealbata. C. cunninghamiana and C. sieberi are 
not significantly different from any other species. 
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Figure 4.12. RGR of height change where RGR is using average days to death for all species. A. dea/bata is 
significantly different from L. obovatum, C. cunninghamiana and C. sieberi. K. ericoides is not significantly 
different from any other species. 

In summary, three groups of species are evident in terms of responses to duration of 

inundation. The most tolerant species are C. cunninghamiana and C. sieberi, which survived 

the longest duration while completely inundated and maintained some growth. L. obovatum is 

intermediate in terms of both days survived and the ability to grow under these conditions. 

K. ericoides may also be placed in this intermediate group except it survived the lowest 

number of days (Figs. 4.10 and 4.11 ). A. dealbata was the least tolerant of all species tested 

to long term inundation. A. dealbata survived significantly the same number of inundation 

days as L. obovatum and K. ericoides, but because of the amount of stem and leaf length lost, 

this species ended up having a negative height RGR (Figs. 4.10 and 4.11 ). In relation to the 

specific hypotheses raised.in this chapter, the following were found; i) that different species 

did not survive total inundation for the same period of time; and ii) that different species did 

not grow the same amount whilst inundated. 

4.3.4 Germination responses 

All species, except A. dealbata, germinated slowest at 15°C, intermediate at 20°C and fastest 

at 25°C (Figs. 4.13 to 4.17). In comparison A. dea/bata germinated at about the same rate for 
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both the 20 and 25°C treatments but was also slowest at 15°C (Fig. 4.13). The tested 

temperatures were related back to actual local temperature regime for the ACT section of the 

Murrumbidgee Valley (where seed was collected) and river discharge conditions. The 20 to 

25°C temperature range, where germination was fastest, occurred in summer from December 

to February (Fig. 4.18). This is also the period when river discharge and rainfall was lowest 

(Fig. 4.18). 
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Figure 4.13. Percent cumulative germination for A. dea/bata over three different temperatures. 
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4.4 DISCUSSION 

4.4.1 Does inundation affect growth and survival of riparian species? 

116 

The results of the experimental studies demonstrated that inundation differentially affected the 

growth of the five upland riparian species tested (Table 4.2). However, for the treatments 

investigated, inundation did not affect the short-term survival of seedlings, with no mortality 

observed for the sequential immersion experiment. Reduced growth of some species caused 

by inundation may later affect survival in the field, which was not tested. Given long term 

flooding though, some species did survive for shorter periods than other species (Fig. 4.10), 

which demonstrates that inundation tolerance varies between species. The experimental 

outcomes of both inundation experiments clearly reflected species pattern in the field 

(Figs. 4.3, 4.9 and 4.8), pointing to inundation effects on riparian species pattern, at least for 

the five test species. This accords with the findings of previous authors that relate species 

flood tolerance to distribution (e.g. Hosner 1958; Menges and Waller 1983; Jones et al. 1989; 

Sieble 1998 Ch. 3). However, what the results of this study further suggest is that even in 

upland riparian zones, which are narrow and have a relatively short inundation duration 

compared to lowland floodplains, inundation conditions are important to species patterning. 

In addition, this study indicates that there are specialist species able to tolerate long term 

inundation very close to the river, for example C. sieberi and C. cunninghamiana (Fig. 4.10). 
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Plant height in relation to inundation depth has previously been found to affect plant 

performance. That is, plants which are not completely inundated have a more favorable 

response to flooding than those that are completely inundated (Siebel et al. 1998). Siebel et 

al. (1998) suggested that if plants grew faster in height before flooding then flood effects 

would be reduced, but this idea was not supported for the hardwood species they tested. In 

comparison, this study found a trend for the greatest height growth after complete inundation 

for C. sieberi and C. cunninghamiana compared to the soil saturation and control treatments 

(Fig. 4.9). This response suggests that plants of some species when exposed to the stimulant 

of complete inundation, may put more growth resources into height extension to reduce the 

effects of further flooding. Faster growth extension in response to flooding has been observed 

in other species as a mechanism to increase survival (e.g. Blom et al. 1990). Thus, there is 

evidence to suggest greater height extension in response to inundation, perhaps to avoid later 

floods; although this response may simply be a growth response to conditions that are more 

favorable to growth, which is short-term complete inundation. 

Species inundation responses were also found to depend on whether a species was an obligate 

riparian or a non-obligate riparian species. Inundation resulted in faster growth for the 

obligate riparian species (C. cunninghamiana, C. sieberi and L. obovatum), reduced growth 

for one non-obligate species (A. dealbata) and a neutral response for another (K. ericoides; 

Figs. 4.8 and 4.10). Therefore, it appears that the obligate species are obtaining something 

from their inundated condition that they do not get when watered daily and drained freely. 

Precisely what contributes to this response was beyond the scope of this study. The growth 

patterns demonstrated by obligate and non-obligate species can be interpreted using the 

subsidy stress gradient hypothesis of Odum et al. (1979). For the obligate species, the 

inundation treatments resulted in a subsidy for growth, but for A. dealbata inundation was a 

stress and for K. ericoides subsidy and stress responses were demonstrated depending on 

inundation intensity ( depth and duration). Therefore, it is not possible to generalise 

inundation response for the whole riparian community, rather it is dependent on individual 

species responses, with these responses clearly reflecting the subsidy stress gradient of Odum 

et al. (1979). 
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4.4.2 Do inundation responses of species reflect field riparian patterns? 

The pattern of woody riparian species in the field closely reflected species responses to 

inundation in an experimental situation (Figs. 4.3, 4.8 and 4.9). Essentially the species 

gradient in the field went from C. sieberi and L. obovatum at the river edge with the lowest 

elevations, C. cunninghamiana at the low elevations but also moving further back into the 

riparian zone, K. ericoides at mid to higher elevations and A. dealbata furthest back in the 

riparian zone at higher elevations (Fig. 4.3). This aligns with inundation responses, where 

C. sieberi, L. obovatum and C. cunninghamiana responded favorably to inundation, 
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K. ericoides tolerated it and A. dealbata had a very poor response to inundation (Fig. 4.8). 

This pattern was again reflected by the number of days species can survive under total 

inundation, where K. ericoides and A. dealbata survive the least number of days, L. obovatum 

intermediate and C. cunninghamiana and C. sieberi the most (Fig. 4.10). Therefore, flood 

inundation may influence the distribution of riparian species both in terms of survival period 

under complete inundation (sacrificial immersion experiment) and the intensity of the 

inundation (sequential flood experiment). 

L. obovatum was an anomaly when experimental inundation survival was compared to the 

field pattern. L. obovatum was found close to the river (Fig. 4.3), so it was surprising the 

relatively short period of time that this species survived total inundation compared to 

C. cunninghamiana (Fig. 4.10), which tended to be found further from the river. Despite this 

difference L. obovatum was able to survive inundation for about 55 days (Fig. 4.10), which is 

longer than the average 43 days per year under inundation (not sequential flood days) for the 

area where L. obovatum seed was collected ( calculated from flow spell analysis in Chapter 6), 

indicating that it is definitely capable of surviving natural inundation conditions. Thus, the 

differential inundation survival period for obligate riparian species (C. sieberi, 

C. cunninghamiana and L. obovatum) may actually reflect the relative conditions where the 

species are found. 

The flood period of a narrow upland valley in this study compared to a lowland floodplain is 

of shorter duration and does, for the most part, reflect rainfall patterns in the area (Fig. 4.18). 

Given that upland species are exposed to inundation of shorter duration than lowland species, 

it could be expected that upland species would have less inundation tolerance in comparison 

with lowland species. While the comparison has not been directly made, the number of days 

that C. cunninghamiana and C. sieberi survived inundation was more than half a year. This 

period does not even correspond to the actual period they could survive because the 
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experiment had to be stopped at 200 days when all C. sieberi and 80% of 

C. cunninghamiana plants were still alive. Studies that have compared field distribution to 

experimentally determined flood tolerances have previously been performed on lowland 

floodplain species where flood duration tends to be longer, for example, 250 days for the 

middle Amazon River (Brazil; David Williams pers. comm. 2001) and 30 to 100 days for the 

lower Murray River (Australia; Dexter et al. 1986). Therefore, even species native to 

comparatively short-term flood locations can show long-term tolerance to inundation; these 

tolerances may give such species an advantage when establishing in riparian areas, but it is 

not clear what advantage such long-term inundation-tolerance confers. 

Woody riparian plants are not the only species to be affected by inundation. Flooding will 

also influence herbaceous species distribution and survival to the point where they may be 

excluded and the absence of herbs may provide establishment openings for the woody plants. 

Seedlings of several obligate riparian species were more commonly found where there was 

less herbaceous cover (Fig. 4.2). Also, despite the plot sampling width being only 50 m from 

the river edge, there appeared to be a weak trend where percent herb cover increased with 

distance from river (Fig. 4.4 and visual observations). It could be suggested that the flood 

conditions closer to the river limit the establishment of herbaceous species. The limited 

herbaceous cover and also the absence of adult woody species, indicated by low canopy cover 

at the river edge (Fig. 4.2), suggested areas of newly deposited sediment or a flood scoured 

surfaces. These conditions seemed to provide ideal regeneration niches for riparian seedlings 

tolerant of flooding. Riparian species that were more often found under conditions of low 

herb and canopy cover included C. sieberi, K ericoides, L. obovatum and to a lesser extent 

C. cunninghamiana (Fig. 4.2). Further, C. sieberi was found closest to the river followed by 

L. obovatum and C. cunninghamiana (Fig. 4.3). C. sieberi, C. cunninghamiana and 

L. obovatum are obligate riparian species, that is they only exist in the riparian zone. These 

species appear to fulfil the role of primary colonisers on new substratum (indicated by low 

herb and canopy cover) after a flood that has removed herbs or delivered new substrata; this 

pattern is similar to the requirements of north American riparian willows and cottonwoods 

(e.g. Johnson et al. 1976; Johnson 1992; Johnson 1994). Therefore, by maintaining tolerance 

to river edge conditions where flood intensity is greater, there may be an advantage to 

seedling establishment success from reduced herb and canopy cover. Experiments would be 

required to investigate this hypothesis, which were beyond the scope of this study. 
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4.4.3 Does the common inundation/flood season reflect season of germination? 

No clear germination season was indicated by the germination trials for the five test riparian 

species. The temperature where germination tended to be fastest and result in the most seeds 

germinating was 25°C, closely followed by 20°C for all species (Figs. 4.13 to 4.16). 

However, there is an exception for the smaller seeded species of C. sieberi, L. obovatum and 

K. ericoides. At 15°C despite taking longer to germinate, L. obovatum and K. ericoides had a 

greater germination success (Figs. 4.14 and 4.17), whilst C. sieberi germinated quickly at 

15°C but had a low success rate (Fig. 4.16). In comparison, A. dealbata and 

C. cunninghamiana germination success at 15°C was lower but only slightly less than other 

temperatures. Van Splunder et al. (1995) found germination to be independent of temperature 

for Willow and Poplar species in the Netherlands, rather that seed germination was dependent 

on water availability and the river water level, particularly for Willow. All of the species 

tested in this study, except A. dealbata, can hold seed on the adult plant for most of the year 

(personal observation). Potentially plants could drop seeds at any time of the year given ideal 

climatic conditions, plant mortality or from bird interference. Additionally, Woolfrey and 

Ladd (2001) found that while C. cunninghamiana did drop seed predominantly at certain 

times of the year, seed was dropped all year. Given this ability it makes sense that there 

appears to be no clear 'season' of germination; rather germination could occur at any time of 

the year when conditions are suitable. 

There was no close relationship between the period of high river discharge and 'best' 

germination temperature. The fastest overall rate of germination at 25°C did not coincide 

with a period of high river discharges or even rainfall, rather temperatures of25°C occur 

during the period for lowest average rainfall and river discharge (Fig. 4.18). However, the 

germination success rate was still very good at the lowest tested temperature of 15°C, this 

being the temperature that corresponded to months of higher rainfall and discharge 

(Fig. 4.18). While there was no distinct pattern indicated between germination, water 

availability and temperature, there was evidence for distinct germination events (Figs. 4.5 

and 4.6) for at least C. sieberi and C. cunninghamiana, which suggests that germination 

episodes do occur dependent on chance suitable conditions, such as seed supply, competition

free space, water and suitable temperature. There did not appear to be much random 

germination on an annual basis (Figs. 4.5 and 4.6). The conditions for germination events 

may be a conjunction of higher temperatures with high rainfall periods or flood draw-down 

conditions. Therefore, no evidence was found in this study to suggest river discharge 
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conditions affect germination of upland riparian species, although the evidence was 

indirect and further study is warranted, for example, an investigation of germination in the 

field after flood events. 
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4.4.4 Summary and conclusions 

The depth and duration of inundation was found to affect plant performance and survival, 

which answers the first aim of this chapter. For the obligate species, C. sieberi, L. obovatum 

and C. cunninghamiana, short-term inundation provided a growth subsidy, which was 

indicated by faster growth after inundation compared to slower growth with no inundation. 

However, for the non-obligate species, particularly A. dealbata and to a lesser extent 

K. ericoides, inundation mostly resulted in the plants demonstrating a stressed response. This 

outcome supports the subsidy stress gradient of Odum et al. (1979). 

If experimental responses are considered in a field situation, obligate species tolerance to 

inundation could give these species an advantage over the non-obligate species during 

establishment. This advantage appears to be likely for C. cunninghamiana because as a 

seedling (at least) it had a fairly slow growth rate and this growth rate was improved by 

inundation. A. dealbata on the other hand, was very intolerant of flooding, but grew the 

fastest under dry (not inundated) conditions and if it wasn't for flood inundation effects, 

A. dealbata may become a more common species across the riparian zone. K. ericoides is the 

intermediate species in many regards, it is a generalist, being tolerant of a range of inundation 

conditions but not long-term inundation, it fits into the role of a weedy species. In addition, 

the fastest height extension was demonstrated by C. cunninghamiana and C. sieberi after 

complete immersion, which may be a physiological response by these species to avoid 

complete inundation. Therefore, growth after inundation can play an important role in the 

patterning of riparian species across the riparian zone. 

Suggestion was made in Chapter 2 that elevation above the river might influence species 

distribution for adult plants (Chapter 2, Table 3). Elevation is an indicator of flood duration 

and water depth. The Chapter 2 species pattern was reflected by seedling distribution in the 

current chapter (Fig. 4.3). In addition, experimental outcomes clearly reflected the field 

distribution of species. Thus, species distribution appears to be, at least partially, a result of 

differing tolerances to inundation depth and duration at the establishment stage. It is pertinent 

that the pattern of adult distribution reflected seedling pattern and experimentally determined 

species responses to inundation, which suggests that adult patterns observed in the field are in 

part related to inundation tolerances during the establishment stage. Nevertheless, it must be 

recognised that other factors, such as velocity, may play a role in the establishment pattern 
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(explored in Chapter 5). Therefore, in answering the second aim of this chapter, 

inundation plays an important role in the patterning of riparian species through differential 

species tolerances to inundation depth and duration. 
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Despite the relationship between seedlings and inundation, no evidence was found to link 

common flood season to peak germination periods. It appears that germination is patchy 

through time and space, corresponding to ideal conditions that do not reflect a given season. 

Therefore, for the third aim of this chapter, no support was found to link the ideal germination 

period to the usual flood season. However, further work would be required to understand 

germination triggers, given that the evidence presented was circumstantial. 

Given that there is accordance between experimental findings and field patterns, findings start 

to point to the importance of specific environmental conditions in determining riparian 

vegetation pattern. Inundation is one aspect of a flood that has been found to affect species 

distribution, the following chapter (Chapter 5) reports on the testing of flow velocity as 

another environmental factor. In addition, it is explored in Chapter 6 how strongly these 

environmental variables, such as inundation period, can predict vegetation pattern. 

Despite answering the aims of this chapter, many unanswered questions were also raised. 

Thus, further work around this topic and Australian riparian species could include 

investigation of whether: seed germination occurs under completely immersed conditions; 

root growth is affected by inundation; age affects growth and survival in relation to 

inundation; fast height extension is a result of flooding stimulus; growth patterns observed in 

glasshouse experiments are reflected by field plants at different elevations above the river; 

regeneration predominantly occurs on newly deposited sediment; herbaceous cover is limited 

at the river edge compared to further back in the riparian zone; seed release from plants 

corresponds to specific environmental determinants; and flooding results in field germination 

of riparian species. 
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CHAPTER 5. EFFECT OF CURRENT VELOCITY ON 

RIPARIAN VEGETATION SURVIVAL AND ESTABLISHMENT 

5.1 INTRODUCTION 

Flow velocity, associated with flooding, may be an important factor that influences riparian 

vegetation dynamics. To date this has been an assumption since little riparian research has 

directly examined the role of velocity as a factor influencing species establishment and 

performance. This oversight comes from the confounded effects of current velocity and other 

physical factors, such as inundation and substratum type. The work presented in this chapter 

uses the controlled conditions available in a flume to test whether current velocity affects 

subsequent plant growth and survival, and relates the experimental conclusions to field 

observations. 

There are several attributes of a flood that may affect plant growth and survival, including 

inundation depth, duration, and current velocity. In this thesis a flood is considered to be river 

discharges that exceed bankfull level, which both inundates the riparian zone and has velocity. 

The velocity effects on riparian vegetation are considered in this chapter, while other aspects 

of a flood, such as inundation period and depth, were considered in Chapter 4. Since riparian 

vegetation occurs adjacent to a river channel, most plants in this zone will be directly exposed 

to flood water velocity at some time. Current velocity, and hence the forces exerted on plants, 

will vary across the riparian zone, as it does in the river channel, being less at the edges of the 

area flooded (Gordon et al. 1992). Inundation of the riparian zone has previously been found 

to be important to riparian vegetation structure and dynamics (e.g. Johnson et al. 1976; Franz 

and Bazzaz 1977; Rood and Mahoney 1990; Stromberg 1993; Johnson 1994; Siebel 1998; 

Chapter 4). Despite the recognised importance of flooding to riparian vegetation, 

experimental investigations have not been conducted to determine the influence of velocity on 

plant performance, although inundation has been found to have a causal link with plant 

performance (e.g. Hosner 1958; Frye and Grosse 1992; Siebel et al. 1998; Vignolo et al. 

1999). It is not possible to fully comprehend riparian plant response to flooding as a complete 

process (inundation and velocity) if the effects of current velocity are not isolated and 
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understood. Such understanding will provide further insight into the spatial and temporal 

distribution of riparian plants (Fig. 5.1 ) . 
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Figure 5.1. Predicted species responses to current velocity based on available literature. 
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Association between riparian vegetation and current velocity has been detected in several 

studies. Gill (1970), in reviewing flood tolerance of woody species, noted that plants in 

flowing water grew and survived better than plants in stagnant water. It was suggested that 

this may be from reduced oxygen levels in stagnant water and that response varied at the 

species level. Moving water can also have negative effects, for example the undermining of 

trees through erosion (Gill 1970). Bendix (1999) observed the relationship between riparian 

species distribution and stream power, a flow variable related to velocity. A distinct species 

gradient was found that followed variation in stream power across the riparian zone. Roberts 

and Ludwig (1991) observed a relationship with vegetation type and current, although they 

looked at flow as a longitudinal gradient for the narrow riparian band on a large floodplain 

rather than a horizontal across-riparian zone gradient. However, Nilsson (1987) did not find a 

relationship between current velocity and riparian zone vegetation. The results from that 

study were inconclusive since velocity was measured in the channel under normal flow 

conditions, not under flood conditions. None of the studies on velocity and riparian 

vegetation reported so far have investigated velocity effects in a controlled environment. 

Consequently, they could not remove the influence of closely related and confounding factors, 

such as inundation period or substratum type. In comparison, the effect of velocity on 

macrophytes and periphyton has been relatively well investigated in a controlled environment 

(e.g. Whitford and Schmacher 1961; Leyton 1975; Horner and Welch 1981; Madsen and 

Sondergaard 1983; Nepf 1999; Schutten and Davy 2000; Verduin and Backhaus 2000). 

The influence of velocity on aquatic autotrophs can be either positive or negative. Velocity 

reduces the stagnant boundary layer surrounding plants (Leyton 1975) and increases turbulent 

diffusion (Horner and Welch 1981 ), which has the effect of increasing carbon dioxide 

diffusion and nutrient uptake (Whitford and Schmacher 1961 ). Thus, velocity can have a 

positive influence on aquatic autotroph function by providing resources that increase 

photosynthesis (Madsen and Sondergaard 1983) and respiration (Whitford and Schmacher, 

1961 ). Another positive effect of low velocity is to increase the dispersal of macrophytes 

(Biggs 1996). In contrast, there appears to be a threshold velocity at which mechanical stress 

becomes too high, thereby resulting in reduced plant functioning and damage or removal 

(50 cm s-1 Homer and Welch 1981; 20 to 40 mm s-1 Madsen and Sondergaard 1983). An 

attempt has been made in this chapter to determine whether there is an inhibitory or 

stimulatory effect of velocity for woody riparian plants. 
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Tolerance to flow may be evident in plant structures. Biggs (1996) reviewed the 

characteristic morphologies that contribute to resistance of instream aquatic autotrophs to 

current velocity. These morphologies include the drag properties arising from the structure of 

the organism, how strongly the parts of the organism are held together, and flexibility. In 

addition, age of the community is important, particularly in relation to periphyton, which 

sloughs from the substratum more easily when older. Generally, aquatic plants that have 

tolerance to higher flow velocities can be expected to have characteristics of fast growth, well 

developed anchorage roots, capability of developing adventitious roots from nodes and 

flexible shoots which don't resist flow force (Sirjola 1969). Woody rheophytes are said to 

have certain physical characteristics that reduce the impact of flowing water (Van Steenis 

1981). Such attributes include: hard narrow-lanceolate to linear leaves, which have less drag 

to current velocity; flexible twigs; dense branching and foliage; and short internodes 

(Van Steenis 1981 ). Consequently, there may be observable physical characteristics that can 

predict which species will be more tolerant to flow (Fig. 5 .1 ). 

The physical characteristics of riparian species may influence the amount of damage they 

sustain during a flood and, linked with this, recovery rate after damage (Fig. 5.1). Plant 

species that are adapted to flooding may still be damaged after a flood, especially during the 

vulnerable establishment phase. Current velocity and its associated turbulence may cause 

leaves to be removed, branches to break or plants to be uprooted ( catastrophic if removed). 

Previous studies have found that some species are adapted to an environment where the 

probability of flood damage is high, in that these plants grew faster after physical damage 

than without damage. For example, the herbaceous river edge species Chenopodium rubrum 

demonstrated more growth after cutting (Blom et al. 1990) and A/nus serrulata and Cornus 

amomum demonstrated the ability to sprout quickly after flood damage (Hupp, 1983). 

Damage to plants can also come from factors including grazing, borers, frost, drought, 

pathogens or from flooding. Nevertheless, in an environment where flood damage is 

common, a fast growth response after damage will be an advantage even if this damage comes 

from other factors such as grazing. Some of the species used to investigate plant response to 

velocity were also used for this chapter to investigate whether these plants grow faster after 

damage (assuming damage is a possible outcome of flood current velocity) to obtain a more 

complete picture about plant response to velocity. 
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5.1.1 Current velocity as disturbance 

Flooding is an important disturbance in river systems. Current velocity in the disturbance 

regime is an element of disturbance magnitude, particularly intensity (see White and Pickett 

1985). Hence, areas of faster velocities sustain disturbances of greater intensity. In addition; 

with greater disturbance intensity there is an increased chance of damage to individuals ( e.g. 

Homer and Welch 1981; Madsen and Sondergaard 1983). On the other hand, velocity effects 

may have less obvious but positive influences on growth, which have been considered in 

relation to periphyton and macrophytes. However, the effect of flood velocities on woody 

riparian species, which for most of the time inhabit dry land, may be different to macrophyte 

and periphyton species because they are not continually immersed. It is not known whether 

differing velocities vary the effect on growth and survival of woody riparian species, or if 

exposure to current velocity has any consequences. These questions are investigated in this 

chapter. 

The intermediate disturbance hypothesis (IDH) is concerned with the effect of different 

disturbance frequencies on species richness (Connell 1978) and has also been applied to 

disturbance intensity (e.g. Nilsson 1987; Bomette and Amoros 1996), hence its application in 

this chapter. This hypothesis has frequently been invoked in a riverine situation for plants. 

Support for the IDH has been found for aquatic macrophytes (e.g. Nilsson 1987; Bomette and 

Amoros 1996). In comparison, the IDH has not been supported for riparian vegetation ( e.g. 

Nilsson 1987; Jonsson 1997). A brief investigation of the IDH, with reference to the effect of 

current velocity, is made in this chapter. 

5.1.2 Aims 

The influence of current velocity is considered in three ways in this chapter. The first is a 

field investigation, aiming to elucidate relationships between species and velocity-related 

physical variables, and to put the flume experiment into context. The second is the actual 

evaluation of current velocity effects on growth and survival using the controlled environment 

of a flume. The third aspect is an experiment to observe the response of plants to damage 

(imitating flood damage) and inundation. This chapter reports on the response of five woody 

riparian species (Appendix 3) from the Murrumbidgee River in South Eastern Australia to 
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velocity. This study also considers plants at the vulnerable establishment phase, when 

they are smallest and least likely to be able to withstand flood effects. 

5.2METHODS 

5.2.1 Field seedling occurrence 
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The methods for this section are presented in Chapter 4. Results for this section are also 

presented in Chapters 3, 4 and in this Chapter 5. Results specific to the investigation of 

velocity are presented in this chapter. The following hypotheses were specifically addressed 

for this chapter with ANOV A analysis: 

Hypothesis: some species will not occur in areas of high.flow velocity (variable: velocity; 

factor: species) 

Hypothesis: steeper bank angle prevents some species from occurring (variable: bank angle; 

factor: species) 

Hypothesis: different substratum types are not associated with particular instream velocities 

(variable: velocity; factor: substratum) 

Hypothesis: different geomorphic units are not associated with particular instream velocities 

(variable: velocity; factor: geomorphic unit) 

Hypothesis: different geomorphic units are not associated with bank slope (variable: bank 

slope; factor: geomorphic type) 

Hypothesis: different geomorphic units are not associated with species richness (variable: 

species richness; factor: geomorphic type) 

5.2.2 Flume velocity experiment 

The experiment was performed in a flume at the Australian Defence Force Academy, in 

Canberra, Australia, in February 1999. Of two flumes that were available, the smaller flume 

was considered more appropriate because higher velocities and a greater depth of water could 

be achieved. The flume had clear Perspex sides, was 3.7 m long and 290 mm wide, housed in 

a large air-conditioned workshop. A pot holder (Fig. 5.2) was constructed to hold forestry 

growth tubes, 65 mm high and 60 mm wide (square), and occupied the width of the flume. 

Seedlings were grown in the forestry tubes, the tallest individual being C. cunninghamiana 

(100 mm high). Small pots and small plants were used because of the water depth constraints 

within the flume and total inundation was desired. 
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Figure 5.2. Plan of the pot-holder used in the flume. 
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Row of empty pots 

Prior to starting the experiment with plants, a velocity test was run in the flume. Rows of pots 

with soil were placed in the pot-holder. The flume discharge was adjusted so that the water 

was running at the speeds chosen for the experiment, 0.2 m s-1 and 0. 7 m s·1
. In both 

treatments the velocities for all the pot locations were measured using the Flo-Mate 2000 flow 

meter, with fixed point averaging for 10 seconds at 30 mm above the pot top surface. It was 

found that for the fast flow treatment the last row (in flow direction) had significantly higher 

velocity than all other rows using single factor ANOVA of velocity (rows; d.f.=9; F=7.84; 

P>0.00; Fig. 5.3). However, for the slow velocity test experiment there were no significant 

differences (d.f=9; F=l.69), although the last row was higher in velocity when compared 

graphically (Fig. 5.3). Additionally, even though the first row was not significantly different 

to the other rows, it was lower in velocity than other rows (Fig. 5.3). It was decided to 

include a row of empty pots, wrapped and with soil in them but containing no plants, at the 

start and the end of the pot-holder so that velocity was more equal over the length of the pot 

holder where plants were placed. 
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Figure 5.3. Velocities for the fast and slow flow treatments in the flume using pots with no plants prior to starting 
the experiment. 

The experimental design was a randomised incomplete block design. The blocks consisted of 

a row of four pots and there were ten blocks. Each block held four of the five species, 

therefore incomplete blocks. The distribution of species was randomised within each of the 

first and second group of five blocks so that each species was missing from one row in the 

first five blocks and missing from another block in the second group of five rows. 

The five species used in the experiment were L. obovatum, C. cunninghamiana, K ericoides, 

A. dealbata and C. sieberi (Appendix 3). Eight replicate plants were used for each 28 hour 

treatment. The treatment periods consisted of 7 hours per day. The treatments were: 

1. Fast velocity (0.7 m s"1
) 

2. Slow velocity (0.2 m s"1
) 

3. Control (no velocity but inundated for the same period of time) 

Eight plants of each species were harvested immediately prior to the start of the experiment, 

sampling for height, root and above ground biomass. This was done so that a starting biomass 

could be estimated for the experimentally treated plants based on their height. Estimation for 

the experimental plants was done with linear regression when there was sufficient height 

variation or an average if plant heights were not significantly different based on a Student's t

test. 
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Operational constraints meant that the velocity treatments had to be staggered. The high 

velocity treatment started in the first week (Monday to Thursday) running for28 hours over 4 

days during the day, followed by the slow velocity treatment the following week for the same 

period of time, with the control running concurrently with the slow velocity treatment. All 

pots were placed in a no flow water bath overnight that over-topped the tallest plants then 

moved back to the flume in the morning, except for the control, which remained in the water 

bath for the duration of the treatment. All pots (including control) had to be wrapped in foil 

and cheese cloth to prevent potentially damaging material (soil) from entering the flume water 

pump. 

Before and after the velocity treatments the following plant attributes were measured to gain 

an indication of damage to photosynthetic material: 

• height from cotyledon scar for all species before and after treatment; 

• the number of leaves for K. ericoides, L. obovatum and C. sieberi; 

• for A. dealbata the number of pinnae (16 pinnules = 1 bipinnate phyllode ); 

• for C. cunninghamiana the length of each branch, unless there were no branches; and 

• angle of deflection from vertical was measured during flow treatment to compare 

flexibility for all species. 

After the 4 days of treatment, the plants were allowed to grow on for 3 weeks in a glasshouse 

and were watered daily. After 3 weeks, height was measured and, root and shoot biomass was 

harvested. Relative growth rates (RGR) were calculated for shoots, roots and height using the 

following formula. 

Relative Growth Rate=(ln(final weight or height)-ln(initial weight or height))/ number of days in the interval 

A two-factor mixed ANOV A was used to determine whether there were any significant 

differences between treatments and species. Separate ANOVA were run for the different 

variables: relative height growth rate; relative shoot biomass growth rate; relative root 

biomass growth rate; amount of photosynthetic material lost; and plant angle during flow. 

The null hypotheses tested were: 

Hypothesis: flow velocity does not affect plant growth after plants have been exposed; 

Hypothesis: flow velocity does not cause any physical damage to any of the species under 

investigation (breaking and leaf loss); 

Hypothesis: all species flex the same amount during the different flow treatments; 
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Hypothesis:jlow velocity does not affect seedling survival; 

Hypothesis: different flow velocities have the same effect on plant growth and survival; and 

Hypothesis: all species have the same response to flow velocity. 

5.2.3 Cut and flood experiment 

Flooding has the potential not only to cover a plant with water, but also to physically damage 

a plant from the force placed on plants by current velocity. The null hypothesis investigated 

was that damage to the plant (top cut off) and subsequent inundation do not influence the 

relative growth rate of the plants tested. Only three species were used, C. cunninghamiana, 

A. dealbata and K ericoides, since seed for L. obovatum and C. sieberi was unavailable at the 

time. These species were grown from seeds in punnets and then transplanted into 15 cm 

diameter round pots filled with commercial potting mix. After 2 months of untreated growth, 

the experimental plants were subjected to a number of treatments: A) inundated for 2 days 

and all leaves/stems cut off level at the third node (sometimes multiple stems); B) inundated 

for 2 days and not cut; C) shoots cut level with the third node but not inundated; and D) 

control, not cut or inundated. Five replicates of each species were used, with an additional 

five harvested immediately prior to the experiment to estimate starting biomass. Plants were 

inundated in the laboratory, then taken out of the water baths, placed in a growth chamber for 

four weeks and watered daily. Height was measured at the start of the experiment, biomass 

and height at the conclusion of the experiment. Relative growth rates were calculated for 

shoot biomass and height using the above formula. Statistical analysis used for the cut and 

flood experiment was a two-factor fixed model ANOVA (species x treatment), followed by 

Tukey tests where significant differences were discerned. 

5.3 RESULTS 

5.3.1 Field seedling occurrence 

There were no significant differences between species and velocity (Table 5.1; Fig. 5.4). 

However, bank angle did show significant differences between plots with and without plants 

(Table 5.1). Plots with no seedlings had the steepest bank angle (Fig. 5.4). 

Relationships between velocity and geomorphic factors were also considered, with the 

possibility of using geomorphic variables as surrogates for velocity. Geomorphic type 
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demonstrated significant differences for velocity and bank slope (Table 5 .1 ). Velocity was 

also significantly different for the primary substratum types (Table 5.1). Plots with bedrock 

demonstrated the highest adjacent river velocity and those with sand the lowest (Fig. 5.5). 

For geomorphic type, the types that observationally had flowing water (riffles and runs) had 

higher velocity in the river (Fig. 5.6), although outer meanders exhibited steepest bank slope 

(Fig. 5.6). When a regression was attempted to predict velocity from substratum type, there 

was no significant relationship (df=l,121; R2=0.0059; F=0.7166; P<0.399). Pools had 

approximately even occurrences of bedrock, cobble and sand, whilst runs most often had 

cobble substratum in the adjacent riparian zone (Fig. 5.7). Both the inner (concave) and outer 

( convex) meander bends were not found in sufficient number for a reasonable evaluation to be 

made of substrata occurrences (Fig. 5.7). 

To summarise, the distribution of seedling species in the field was not significantly related to 

velocity measured in the adjacent river channel. However, there were significant 

relationships between velocity and geomorphic variables. 

Table 5.1 . ANOVA table for single factor analyses considering the relationship between species occurrence and 
physical habitat variables, and between habitat indicator variables. Significant P-values that are underlined. 

Variable Factor df MS df MS 

Effect Effect Error Error F p-level 

Log 10 Bank angle Species 5 0.2475 118 0.0449 5.5024 0.0001 

Squared mean velocity Species 5 0.0019 118 0.0029 0.6639 0.6515 

Log 10 mean velocity Primary 2 0.0074 120 0.0021 3.4591 0.0346 
substrate 

Mean velocity Geomorphic 4 0.2857 119 0.0072 39.4177 0.0000 
( couldn't normalise, type 
but same for all 
transformations) 

Mean bank slope Geomorphic 4 310.7191 119 70.1453 4.4296 0.0023 
type 

Species richness per Geomorphic 4 1.5151 82 0.8893 1.7036 0.1571 
plot type 
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Figure 5.4. Bank angle (over a 1 m interval from river edge) and mean velocity averaged for plots that contained 
each species. For log bank angle a Tukey's test found plots with no seedlings to have a significantly steeper 
bank angle compared to plots containing seedlings of all species. There were no significant differences between 
species for velocity. 
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found bedrock plots to have significantly higher velocity than sand. Plots with cobble were not significantly 
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Figure 5.6. Average velocity and bank slope for each of the adjacent channel types sampled. Riffles were found 
to have significantly higher velocities than all other geomorphic types, whilst runs had significantly higher velocity 
than pools. For bank slope, outer meander had significantly steeper slopes than all other geomorphic types 
except pools. 
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plots where that geomorphic unit occurred in association with substratum type that was measured at each plant. 
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data points were deleted leaving only one point to represent the plot and substratum type. Where individual 
plants were found in the same plot but with different substrata, the different values for the same plot were 
retained. 
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Seedling species richness (for all seedling species found) values were calculated for each plot 

to compare richness with different geomorphic types to assess the applicability of the 

Intermediate Disturbance Hypothesis. Single factor ANOV A performed on species richness 

and geomorphic type found no significant differences (Table 5.1). However, there was a 

trend that runs had highest richness, outer meanders the least and the rest intermediate 

(Fig. 5.8). 
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Figure 5.8. Mean species richness and velocity for different geomorphic units. The relationship between species 
richness and geomorphic type was not significant although there was a significant relationship with velocity (Table 
5.1 ). A Tu key's test found riffle velocity to be significantly higher than for all other geomorphic types. 

5.3.2 Flume velocity experiment 

Variation in velocity under treatment conditions 

When plants were placed in the flume during the fast velocity treatment, there was no 

significant difference in velocity between each of the 10 rows (Table 5.2). In comparison, 

single factor ANOV A of rows, for the slow velocity treatment, showed a significant 

difference (Table 5.2). However, a Tu.key's test showed no differences between rows. 

Graphically represented (Fig. 5.9), rows 7 and 10 had a slightly lower velocity, average 

0.05 m s-1 slower, which was not considered sufficient to affect interpretation (Table 5.3). 
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Therefore, the velocities within the slow flow treatment are not considered significantly 

different. For columns in the fast velocity treatment, column C velocities were significantly 

lower than A and D; in the slow velocity treatment there were no significant differences for 

columns (Table 5.2). However, the actual velocity differences between columns for the fast 

flow treatment were minimal, average being 0.074 m s-1
. Thus, compared to the average flow 

of0.74 m s-1 for the fast velocity treatment, the variation was not likely to result in any 

biological growth difference (Table 5.4). Therefore, pot location is not taken into account as 

having an important effect on velocity. The average for the slow flow treatment was 

0.25 m s-1
, with a standard deviation of 0.02 m s-1

, compared to the fast flow treatment with 

an average of0.74 m s-1 and a standard deviation of0.06 m s-1
• 

Table 5.2. ANOVA of velocity (m s-1) for velocity treatment between rows and columns in the flume pot holder. 

Flow comparison df MS df MS 
treatment Effect Effect Error Error F e -level 
Fast flow rows 9 0.002736 30 0.003242 0.8437 0.5829 
Slow flow rows 9 0.000803 28 0.000328 2.4469 0.0337 
Fast columns 3 0.012536 36 0.002341 5.3540 0.0037 
Slow columns 3 0.000537 34 0.000436 1.2328 0.3128 
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Figure 5.9. Average pot-holder row velocities for the slow flow treatment. 
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Figure 5.10. Average pot-holder column velocities for the fast flow treatment. 

Plant growth and location 

It was not possible to produce the three-way interaction for the factors of flow, species and 

row/column number because the incomplete block design assumes no three-way interaction 

(Manly 1992). However, the possibility of interaction was explored using the technique 

described byNeter et al. (1996, pp.1222-1224). Using this technique to assess plant growth 

differences between rows: RGR of shoot biomass indicated no significant three-way 

interaction ( df=34, 70; F=0.24; P> 1.00); RGR of root biomass indicated no significant three

way interaction ( df=34, 70; F=0.26; P> 1.00); and RGR of height indicated no significant 

three-way interaction (d:f=34, 70; F=0.07; P>l.00). Again, using columns instead of rows for 

the positioning factor: RGR of shoot biomass indicated no significant three-way interaction 

(df=5,105; F=0.089; P>0.994); RGR of root biomass indicated no significant three-way 

interaction (df=5,105; F=0.065; P>0.997); and RGR of height indicated no significant three

way interaction (d:f=5,105; F=0.144; P>0.981). Therefore, the analyses are presented as two

factor ANOV A. It was found that row and column did not give significant growth 

differences, nor did the interaction between species and row or column (Tables 5.3 and 5.4). 

Thus, results from the two-factor analysis of species and velocity are presented here in greater 

detail since location did not have an effect on plant growth. 
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Table 5.3. ANOVA of Relative Growth Rates (RGR day-1) for shoots, roots and height for the species and row 
factors. 

Variable Factor df MS df MS 
Effect Effect Error Error F -level 

RGRshoot Species 4 0.001116 70 0.000098 11.4195 0.0000 
biomass Row 9 0.000111 70 0.000098 1.1315 0.3527 

Species x 36 0.000071 70 0.000098 0.7282 0.8501 
row 

RGRroot Species 4 0.000960 70 0.000092 10.4127 0.0000 
biomass Row 9 0.000044 70 0.000092 0.4754 0.8863 

Species x 36 0.000060 70 0.000092 0.6462 0.9233 
row 

RGRheight Species 4 0.000125 70 0.000013 9.5248 0.0000 
Row 9 0.000010 70 0.000013 0.7552 0.6574 
Species x 36 0.000007 70 0.000013 0.5046 0.9866 
row 

Table 5.4. ANOVA of Relative Growth Rates (RGR day -1) for shoot biomass, root biomass and height for the 
species and column factors. 

Variable Factor df MS df MS 
Effect Effect Error Error F e-Ievel 

RGRshoot Species 4 0.001445 100 0.000082 17.5217 0.0000 
biomass Column 3 0.000106 100 0.000082 1.2808 0.2851 

Species x 12 0.000147 100 0.000082 1.7806 0.0614 
column 

RGRroot Species 4 0.001014 100 0.000083 12.1846 0.0000 
biomass Column 3 0.000033 100 0.000083 0.4007 0.7527 

Species x 12 0.000046 100 0.000083 0.5491 0.8770 
column 

RGRheight Species 4 0.000172 100 0.000010 16.6659 0.0000 
Column 3 0.000018 100 0.000010 1.7845 0.1549 
Species x 12 0.000015 100 0.000010 1.4543 0.1545 
column 
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Plant growth and.flow treatment 

There were significant differences for all variables (RGR shoot biomass, root biomass and 

height) between flow treatment and species (Table 5.5). Height RGR is the only variable that 

indicated an interaction between species and velocity (Table 5.5). For all variables, C. sieberi 

showed a greater relative growth rate (RGR) than the other species. The other species are 

variable in their responses, although A. dealbata showed negative shoot and height RGR 

responses (Fig. 5.11). 

For the fast flow treatment (0.74 m s-1
) shoot and height RGR demonstrated the highest RGR 

(Fig. 5.12). For root RGR slow flow plants demonstrated the most growth and no flow 

treatment the least growth (Fig. 5.12). The plants exposed to the slow flow treatment also 

indicated a trend of higher RGR for shoot biomass and height compared to the control 

(Fig. 5.12). 

Only RGR of height showed a significant interaction between flow treatment and species 

(Table 5.5 and Fig. 5.13). A Tukey's test of treatment means (rather than factor means) was 

used to clarify the differences for this interaction (Table 5.6 and observable in Figure 5.13). 

There were no significant differences between A. dealbata and C. cunninghamiana (Table 

5.6), although C. cunninghamiana had a faster height RGR for the fast flow treatment (Fig. 

5.13). C. sieberi and L. obovatum in the fast flow treatment generally demonstrated faster 

growth than other treatments and species (Table 5.6 and Fig. 5.13). C. sieberi in the slow 

flow treatment had higher RGR than C. cunninghamiana and A. dealbata for slow flow and 

zero flow. However, C. sieberi in the slow flow treatment only had a significantly higher 

RGR than A. dealbata (Fig. 5 .13 ). The zero flow treatment generally produced the lowest 

RGRs, slow flow intermediate growth and fast flow the highest growth. A. dealbata was the 

main exception to this generalization (Table 5.6 and Fig. 5.13). In summary, the obligate 

riparian species, C. cunninghamiana, C. sieberi and L. obovatum, as well as K ericoides, 

demonstrated faster growth rates for velocity treatments compared to the control. In 

comparison, A. dealbata did not grow well for any of the treatments. 
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Table 5.5. ANOVA of Relative Growth Rates {RGR day -1) for shoots, roots and height between species and flow 
treatment. 

Variable Factor 

RGR shoot biomass Velocity 

Species 

Velocity x species 

RGR root biomass Velocity 

Species 

Velocity x species 

RGRheight Velocity 

Species 

Velocity x species 

0.025 

0.020 

0.015 

e 0.010 
al 

>, "C 
<II ~ 
"C <II 0.005 ~ "C 
0::: C: 

<II 
(!) iii 0::: Cl.) 0.000 
C: C: 
<II 0 
Cl.) 

' E 0 -0.005 
+ 

-0.010 

-0.015 
C. sieberi 

df MS 

Effect Effect 

2 0.000466 

4 0.001336 

8 0.000061 

2 0.000272 

4 0.001149 

8 0.000085 

2 0.000085 

4 0.000166 

8 0.000026 

df MS 

Error Error 

105 0.000085 

105 0.000085 

105 0.000085 

105 0.000074 

105 0.000074 

105 0.000074 

105 0.000008 

105 0.000008 

105 0.000008 

D shootRGR 

D rootRGR 

□ heightRGR 

C. cunninghamiana A. dealbata 
L. obovatum K. ericoides 

Species 

F p-level 

5.4888 0.0054 

15.7469 0.0000 

0.7213 0.6723 

3.6771 0.0286 

15.5335 0.0000 

1.1494 0.3370 

9.9635 0.0001 

19.5691 0.0000 

3.0298 0.0042 

Figure 5.11. Average RGRs for shoot biomass, root biomass and height for each species over all treatments. 
There were significant differences between species for all RGRs {Table 5.5). Using a Tukey's test of height RGR, 
C. sieberi had significantly faster RGR than A dealbata and C. cunninghamiana. L. obovatum and K. ericoides 
had significantly faster RGR than A. dealbata. For RGR of shoot biomass, A. dealbata had significantly slower 
RGR than all other species. C. cunninghamiana had significantly slower RGR than C. sieberi and K. ericoides but 
the same as L obovatum, which was not significantly different to C. sieberi and K. ericoides. For RGR of root 
biomass, C. sieberi had significantly higher root RGR than all other species. 
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Figure 5.12. Average RGR for shoot biomass, root biomass and height for each velocity treatment over all 
species. There were significant differences between velocity treatments for all RGRs (Table 5.5). Using a 
Tukey's test for RGR of height, fast flow treatment (0.74 m s-1) resulted in significantly the fastest RGR. For RGR 
of shoot biomass, the fast flow treatment also resulted in significantly higher RGR. For RGR of root biomass, 
slow flow treatment resulted in significantly higher RGR than no flow. Fast flow treatment RGR was not 
significantly different to the other treatments. 
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Figure 5.13. Interaction between species and flow treatment for average height RGR. The interaction between 
species and flow treatment was significant (Table 5.6). The data are not continuous and the joining lines are 
included to indicate interactions. 
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Table 5.6. Tukey's factorial comparison of treatment means comparing the significant interaction of species and 
flow treatment for the variable height RGR. Probabilities less than 0.05 are marked with'*', 0.01 with'**' and non-
significant values with'-'. For species AD=A. dea/bata, CC=C. cunninghamiana, CS=C. sieberi, KE=K. ericoides 
and LO=L obovatum. The table is symmetric and the shaded values indicate mirror cells. 

spp AD cc cs KE LO AD cc cs KE LO AD cc cs KE LO 
Flow 0 0 0 0 0 . 2 . 2 . 2 .2 .2 . 7 . 7 . 7 . 7 . 7 
m s- 1 

AD 0 ** ** ** 
cc 0 * ** * 
cs 0 ** 
KE 0 ** 
LO 0 ** 
AD .2 * ** 
cc .2 * ** 
cs .2 •• • • * ** ** 
KE .2 .. * * 
LO .2 ** ** * 
AD .7 ... * ** ** 
cc .7 ** 
cs .7 ** ** ... *" ..... Hr ** * .. .. "'* •* ** 
KE .7 ** 
LO .7 ** * * '.** 

In relation to the specific hypotheses raised in this Chapter, the following were found; i) that 

flow velocity did affect plant growth after plants had been exposed; ii) that flow velocity did 

not affect seedling survival; iii) that different flow velocities did not have the same effect on 

plant growth and survival; and iv) that different species did not have the same response to 

flow velocity. 

Plant damage 

The number of leaves lost during the flume experiment was monitored. Differences between 

species leaf loss and flow treatments were most notable at the end of the three weeks 

following flow exposure (Table 5. 7), therefore the leaves were not stripped by velocity. 

A. dealbata showed damage following all treatments, particularly in the no flow and slow 

flow treatments, indicating a negative response to inundation without velocity. 

C. cunninghamiana was the only species to show no damage, whilst C. sieberi, K. ericoides 

and L. obovatum showed minor damage (Fig. 5.14). 
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Table 5.7. ANOVA for the amount of plant material missing after flow treatment and at the experiment end. 

Variable 
No. leaves 

rmssmg 
after flow 
treatment 

No. leaves 
missing 

at 
experiment 

end 

25 

20 
'CJ 
C a, 

c 
a, 

15 E -~ 
a. 
X 
a, 
;;; 10 
0) 
C ·;;; 
"' .E 

5 
"' a, 
> 
o:J 

.!!1 
c:i 0 z 
'iii 
0 
I-

-5 
C. sieberi 

df MS df 
Factor Effect Effect Error 
Velocity 2 14.7000 105 
Species 4 33.6125 105 
Velocity 8 15.0125 105 
X seecies 
Velocity 2 162.3250 105 
Species 4 952.9459 105 
Velocity 8 170.8458 105 
x species 

C. cunninghamiana A. dea/bata 
L. obovatum K. ericoides 

Species 

MS 
Error F 
20.5690 0.7146 
20.5690 1.6341 
20.5690 0.7298 

70.4869 2.3029 
70.4869 13.5194 
70.4869 2.4238 

.....,.. 0.74ms-1 

-o- 0.24 m s -1 

··• O ms -1 

e-level 
0.4917 
0.1711 
0.6648 

0.1049 
0.0000 
0.0191 

Figure 5.14. Interaction between species and flow treatment for leaf loss. There was a significant interaction 
between species and treatment (Table 5.7). A Tukey's test for the species differences (species alone) indicated 
A. dealbata had significantly more leaves missing than all other species. The other species were not significantly 
different. 

In relation to the specific hypothesis raised in this Chapter, that flow velocity did not cause 

any physical damage to any of the species under investigation (breaking and leaf loss), the 

hypothesis was supported at treatment end but rejected at the completion of the experiment. 
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Plant angle during velocity treatment 

Species, flow treatment, and the interaction were found to have significant differences for 

plant angle offlexion during velocity treatment (Table 5.8). The average of plant angle of 

flexion for fast flow treatment plants was 25° more than for the slow flow plants (Fig. 5 .15). 

C. cunninghamiana and A. dealbata were bent more by flow than the other species (Fig. 

5 .16). The nature of the plant angle interaction between species and flow treatment was 

mainly because K. ericoides showed the least flexion at low flow, while at high flow the most 

flexion (Table 5.9 and Fig. 5.17). In general, the plant angle produced at fast flow is 

significantly different to that of slow flow, except that slow flow C. cunninghamiana was not 

different to fast flow C. sieberi and L. obovatum (Table 5.9). Slow flow treated 

C. cunninghamiana was also different to slow flow treated K. ericoides, C. sieberi and 

L. obovatum (Table 5.9). Overall, the slow flow C. cunninghamiana angles were greater 

compared to other slow flow treated plants except A. dealbata (Table 5.9 and Fig. 5.17). 

Table 5.8. Angle of bend for experimental plants when in the flume, comparing species and flow treatment (fast 
or slow). 

df MS df MS 

Effect Effect Error Error F p-level 

Flow treatment 1 11974.34 54 77.0169 155.4766 0.0000 

Species 4 360.50 54 77.0169 4.6808 0.0025 

Flow x species 4 238.33 54 77.0169 3.0945 0.0229 



Chapter 5 147 

45 

40 

35 l 
T 

e 
30 :E ai 

.Q> "C ........ 
a. al 
:::, "C 25 C: II 
~ e. 

"C Q) 20 C: C: 
Q) 0 
.0 ' 
0 0 15 
Q) + 
c, c: 
C: al 

<{ Q) 10 E 
..L 

T 

5 

0 
0.74 ms -1 0.24 ms -1 

Flow treatment 
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Figure 5.16. Plant angle of bend for species averaged over the two flow treatments. C. cunninghamiana had 
significantly greater angle than C. sieberi and L obovatum, C. sieberi had less angle than L obovatum. 
K. ericoides was not different to any other species. A. dea/bata was only different to C. sieberi. 
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Table 5.9. Tu key's factorial comparison of treatment means comparing the significant interaction of species and 
flow treatment for the variable squared plant angle. Probabilities less than 0.05 are marked with '*', greater than 
0.01 with '**' and non-significant values with '-'. For species AD=A. dealbata, CC=C. cunninghamiana, 
CS=C. sieberi, KE=K. ericoides and LO=L. obovatum. The table is symmetric and the shaded values indicate 
mirror cells. 

Flow m s-1 0.7 0.7 0.7 0.7 0.7 0.2 0.2 0.2 0.2 0.2 
Seecies cc AD KE cs LO cc AD KE cs LO 
cc 0.7 ** ** ** ** ** 

AD 0.7 ** ** ** ** ** 

KE 0.7 ** ** ** ** ** 

cs 0.7 * ** ** ** 

LO 0.7 ** ** ** ** 

cc 0.2 *II< ** ** ** * * 

AD 0.2 ** ** ~* ** ** 
KE 0.2 ** *'r ** *'11 ** ** 
cs 0.2 ** ** "'* ** ** * 

LO 0.2 ** ** "'* ** ** * 

In relation to the specific hypothesis raised in this Chapter, it was found that different species 

did not flex the same amount during the different flow treatments. 
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5.3.3 Cut and flood experiment 

Significant differences were found between species and cut treatment for height RGR (Table 

5.10). For species alone, C. cunninghamiana was found to have a significantly higher height 

RGR than A. dealbata and K. ericoides (Fig. 5.18). The plants that were cut had a faster 

height growth rate than the uncut plants (Fig. 5 .19). For the shoot biomass RGR there were 

significant differences within species but not for flood or cut treatments (Table 5.10). The 

differences between species for biomass RGR demonstrated A. dealbata plants had higher 

RGR than C. cunninghamiana and K. ericoides (Fig. 5.18). 

Significant interactions were found between species and the cut treatments for both shoot 

biomass and height RGR (Table 5.10). A Tukey's test of treatment means (rather than factor 

means) was used to detect where significant differences lay (Table 5.11). For shoot biomass 

RGR, A. dealbata plants that were not cut had significantly faster growth rate than 

C. cunninghamiana and K. ericoides not cut. For differences between treatments for 

individual species, C. cunninghamiana cut had a significantly higher growth rate than 

C. cunninghamiana not cut (Table 5.10; Fig. 5.20). The remainder of combinations are not 

significantly different for shoot biomass RGR. For height RGR C. cunninghamiana cut had 

significantly greater growth rate than all other combinations. C. cunninghamiana not cut and 

K. ericoides not cut had significantly lower height RGR than other combinations (Table 5.10). 

A. dealbata cut was the same as K. ericoides cut (Table 5.10; Fig. 5.21). 

In summary, plants that were cut had a faster growth rate than uncut plants, with 

C. cunninghamiana growing faster than K. ericoides and A. dealbata when cut. In 

comparison, A. dealbata had a higher RGR compared to the growth rates of K ericoides and 

C. cunninghamiana when plants the were not cut. Inundation did not appear to have an 

important effect on growth. 
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Table 5.10. ANOVA comparing the factors species, flood treatment and cut treatment for the variables height 
RGR (Ht RGR) and shoot biomass RGR (Bio RGR). P values significant to 0.05 are underlined. 

Factor 

Species 
Flood 
Cut 
Species x flood 
Species x cut 
Cutx flood 
SEecies x cut x flood 
Species 
Flood 
Cut 
Species x flood 
Species x cut 
Cutx flood 
Seecies X cut X flood 

~ ~e 
"7 c6 
>, 'O 

~ ~ 
- 'O 
a:: al 
C) 1ii 
a:: (I) 
C: C: 
m o 
(I) ' 

2 0 
+ 

0.030 

0.025 

0.020 

0.015 

0.010 

0.005 

0.000 

Variable 
(da~t ) 

HtRGR 
HtRGR 
HtRGR 
HtRGR 
HtRGR 
HtRGR 
HtRGR 
BioRGR 
BioRGR 
BioRGR 
BioRGR 
BioRGR 
BioRGR 
BioRGR 

A. dealbata 

df MS 
Effect Effect 
2 .000654 
1 .000056 
1 .004081 
2 .000003 
2 .001401 
1 .000008 
2 .000003 
2 .000840 
1 .000069 
1 .000878 
2 .000003 
2 .001742 
1 .000303 
2 .000045 

C. cunninghamiana 

Species 

df MS 
Error Error 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 

.000025 

.000025 

.000025 

.000025 

.000025 

.000025 

.000025 

.000247 

.000247 

.000247 

.000247 

.000247 

.000247 

.000247 

D Height 
RGR 

l!D Biomass 
RGR 

K. ericoides 

F 
26.4937 
2.2634 
165.2234 
0.1121 
56.7113 
0.3304 
0.1405 
3.4016 
0.2780 
3.5551 
0.0121 
7.0546 
1.2270 
0.1835 

e-Ievel 
.0000 
.1368 
.0000 
.8940 
.0000 
.5672 
.8691 
.0387 
.5996 
.0633 
.9879 
.0015 
.2716 
.8327 

Figure 5.18. Mean shoot biomass and height RGR for each species. A Tukey's test found that for height RGR, 
C. cunninghamiana had significantly faster height RGR than A. dealbata and K. ericoides. For biomass RGR, 
A. dea/bata grew significantly faster biomass than K. ericoides and C. cunninghamiana. 
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Figure 5.19. Mean height RGR for the cut treatments. For height RGR cut plants had a significantly higher RGR 
than plants not cut. 
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Table 5.11. Tukey's factorial comparison of treatment means comparing the significant interaction of species and 
cut treatment, for the variables height and shoot biomass RGR. Probabilities greater than 0.05 are marked with 
'*', greater than 0.01 with '**' and non-significant values with'-'. The table is symmetric and the shaded values 
indicate mirror cells. 'C. cunninghamiana' = Casuarina cunninghamiana. 

Species 

HeightRGR 

Acacia dealbata 

C. cunninghamiana 

Kunzea ericoides 

Acacia dealbata 

C. cunninghamiana 

Kunzea ericoides 

Shoot biomass 

RGR 

Acacia dealbata 

C. cunninghamiana 

Kunzea ericoides 

Acacia dealbata 

C. cunninghamiana 

Kunzea ericoides 

0.030 

0.025 

';-

~ e 0.020 
a, ~ 

"O Q) 

- "O 

ffi ~ a:: c: 0.015 
,,, .!!! 
"' rn 
~ ~ 
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Figure 5.20. Interaction between species and cut treatments for mean shoot biomass RGR. There was a 
significant interaction between species and cut treatments (Table 5.10). Please note the data are not continuous 
and the joining lines are presented for easier viewing of the interaction. 
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Overall, species showed different responses in biomass and height RGR (Fig. 5.18). For 

biomass RGR, C. cunninghamiana and K. ericoides had the lowest significant RGR (Fig. 

5.18). However, for height RGR C. cunninghamiana had the highest significant RGR (Fig. 

5.18). When cut and uncut plants are compared, biomass and height RGR showed opposite 

trends. For biomass, cut plants had lower RGR than uncut plants (Fig. 5.20). However, for 

height RGR, cut plants showed significantly higher RGR than uncut plants (Fig. 5.21). 

Essentially C. cunninghamiana responded favorably to being cut, A. dealbata has less growth 

when cut and K. ericoides responded favorably but not as well as C. cunninghamiana. In 

relation to the specific hypothesis raised in this Chapter, it was found; i) that damage to the 

plant (top cut off) did influence the growth rate of species; and ii) that subsequent inundation 

did not influence the growth of the plants tested, even after cutting. 
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5.4 DISCUSSION 

5.4.1 Effect of current velocity on plant growth 

Exposure to current velocity was found to significantly affect subsequent plant growth. All of 

the obligate riparian species, C. sieberi, C. cunninghamiana and L. obovatum, had 

comparably their fastest height growth after the fastest flow treatment (Fig. 5.13). Obligate 

riparian species, which are found only in the riparian zone, must be able to tolerate a range of 

flood velocities in order to survive past the vulnerable establishment stage. The non-obligate 

species A. dealbata, which is found in the distal riparian zone (Chapter 4, Fig. 4.3), presented 

a negative growth response to the no velocity and high velocity treatments (Fig. 5.13), 

probably arising from leafloss (Fig. 5.2). A. dealbata growth response is related to 

inundation, not just velocity, since in the absence of flooding, A. dealbata grows the fastest of 

all the tested species (Chapter 4, Figs. 4.8 and 4.9). The other non-obligate species, 

K. ericoides, demonstrated an intermediate response (Fig. 5.13). K. ericoides is a weedy 

species in surrounding pasture-land and forests, suggesting a tolerance to a wide range of 

conditions (Kirschbaum and Williams 1991). These velocity responses are reflected in the 

field, in terms of distance to river (Chapter 4, Fig. 4.3) and association with substratum 

(Chapter 3, Fig. 3.8), which is arguably a velocity surrogate variable (e.g. Smith 1975 

formulae for settling velocity; Van Steenis 1981; Nilsson 1987; Gordon et al. 1992 c.f. 

Hjulstrom curves). The higher growth rate after high velocity exposure of the obligate species 

suggests that there may be a competitive advantage for the velocity tolerant obligate species 

over non-obligate species after plants have been exposed to velocity. The other possibility is 

that the less tolerant non-obligate species are simply excluded by flooding from the near-river 

riparian section and are less vigorous when they do exist there. Therefore, velocity exposure 

affects riparian plant performance that contributes to a species zonation across the riparian 

zone. 

The lowest relative growth rates were observed for the no flow or control treatment (Fig. 

5.12). Growth of macrophytes and periphyton can be greater in flowing water compared to 

still water because the delivery of carbon dioxide, oxygen and nutrients is improved 

(Whitford and Schumacher 1961; Madsen and Sondergaard 1983). Whilst these physiological 

characteristics were not tested in this study, it could be assumed that delivery of these 

requirements were enhanced in flowing water, possibly increasing with greater velocity up to 

a point where the plant is damaged. Therefore, the stress of being inundated may be less in 
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water that has velocity because of better resource delivery. While the flume experiment 

design could not determine whether growth was greater compared to plants not exposed to 

any inundation, it can be concluded that plants in flowing water grow better than in still water, 

or that the potential negative effects of inundation are reduced by flow ( e.g. Gill 1970). 

However, given the results of Chapter 4, where obligate plants not inundated grew 

significantly less than plants that were inundated for three to nine days (Chapter 4, Fig. 4.8 

and 4.9), it is possible to conclude that obligate riparian species grow better after flooding 

(inundation and velocity) of limited duration. In addition, it is recommended that future 

velocity experiments include a dry treatment for additional comparison. 

5.4.2 Relationship between velocity and vegetation spatial distribution 

Based on velocity, as measured in the field, it appears that species distributions are not related 

to variation in current velocity (Table 5.1). However, there are several complications that 

relate to this result. Firstly, the method for measuring velocity in the field was not suitable 

because flow conditions at the time of measurement were in-channel not in the riparian zone, 

so velocity could not be directly measured at the location of each plant. This was a limitation 

that Nilsson (1987) encountered. Nilsson (1987) pointed out that velocities in the centre of 

the stream might not adequately predict the velocities across the riparian zone. Secondly, 

velocity varies depending on river discharge at any given point in time. Finally, there is a 

confounding relationship between velocity and inundation, which is difficult to separate with 

field studies. These problems justify the need for controlled experiments to determine 

whether there really is a velocity effect. Therefore, considering the above complications and 

the relationships between plants, their substratum and velocity (discussed below), the fmding 

that there is no field relationship with velocity can be cautiously disregarded because the 

flume experiment has shown that velocity has an effect on plant performance (Table 5.5). 

Variables other than velocity were measured in the field, some of these could be considered 

surrogates for velocity conditions in the riparian zone because they were measured where 

individual plants occur. These variables included, distance to river (Knight 1989; Gordon et 

al. 1992), elevation (Franz and Bazzaz 1977; Baker and Walford 1995; Battaglia et al. 1995; 

Bren and Gibbs 1986; Chesterfield 1986), substratum type (Nilsson 1987) and channel 

geomorphic unit (Van Coller et al. 2000). Each of these variables did highlight differences 

between species (Table 5.1). For example, elevation and distance to river both indicated a 

species gradient across the riparian zone, with C. sieberi on the river edge, 
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C. cunninghamiana and L. obovatum near or at the edge and A. deal bat a and K. ericoides 

furthest from the river (Chapter 4, Fig. 4.2). Distance to river and elevation above river are 

associated with inundation frequency and potentially velocity. Hence the gradient observed in 

the field may be an issue of inundation rather than velocity, but the vegetation patterning is 

probably related to both. 

Substratum particle size may be a better indicator of velocity than channel velocity 

measurements (Nilsson 1987); in addition, substratum is also a variable not connected with 

inundation period and frequency. There were significant differences between velocities for 

the primary substratum types for this study (Table 5.1 and Fig. 5.5). The trend indicated that 

lower velocities were related to smaller particle sizes, while faster velocities occurred with 

bedrock as a substratum (Fig. 5.5). This trend would be expected, given that smaller particle 

sizes have a lower settling velocity than larger particle sizes or no particles in the case of 

bedrock (Smith 1975 formulae for settling velocity; Van Steenis 1981; Gordon et al. 1992 c.f. 

Hjulstrom curves). For example, silt has a settling velocity ofless than 0.004 m s-1
, sand 

approximately 0.004 to 0.1 m s-1 while gravel has initiation of motion velocity of 0.2 to 

2 m s-1 based on Hjulstrom curves (Gordon et al. 1992). If substratum size can be assumed to 

mirror settling velocity of previous floods, then C. cunninghamiana, C. sieberi and 

K. ericoides are likely to occur in higher velocity areas since these species are often found on 

bedrock or cobble (Fig. 5.5; Chapter 3, Fig. 3.8). This relationship does mirror results 

obtained in the flume experiment, except that L. obovatum was also found to be tolerant of 

fast flow velocity, despite being found on substrata of smaller particle size (Fig. 5.11 ). Low 

numbers of L. obovatum were found on sandy to cobble substrata, although this trend may be 

an artifact of this species infrequent occurrences compared to other species, or the common 

substratum associations of L. obovatum geographical locations (Chapter 3, Fig. 3.8). If it is 

not possible to measure velocities in the field during a flood, calculating sediment settling 

velocities would appear to be a more appropriate method of estimating velocity for riparian 

locations (Smith 1975; Gordon et al. 1992 c.£ Hjulstrom curves). Therefore, it is possible to 

estimate the velocity at the time of particle settling, which would be the velocity for that 

location during a flood, or at least flood draw down. However, soils need to be collected in a 

manner suited to this outcome, which this study did not do. 

Species velocity tolerances appear to be related to the substrata they are found in. For 

instance, in the Sabie River of South Africa, Breonadia sa/icina is more likely to establish in 

bedrock dominated substrata, not because it germinates better there but because it provides 
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stability during flood flows, whilst alluvium is washed away (Van Coller et al. 1997; 

MacKenzie et al. 1999; MacKenzie et al. submitted). Certain species in this study showed an 

association with particular substrata. For example, C. sieberi is commonly found in bedrock 

dominated substrata, compared to A. dealbata which was never found in bedrock (Chapter 3, 

Fig. 3.8). In addition, plots with no seedlings are most often associated with sandy 

substratum, which is a mobile substratum during a flood, compared to bedrock, which is very 

stable. Bedrock is also most likely to be subject to highest velocities during floods (Gordon et 

al. 1992). Bedrock substrata could also be a result of geology; however, bedrock was also 

associated with the highest velocities measured in this study (Fig. 5.5) supporting the 

assumption that bedrock areas were subject to highest flows. Hence, plants most often found 

in bedrock must be tolerant of high flows, which was the case for C. sieberi (Fig. 5.13). Also, 

plants found in substrata with a lower settling velocity should have a lower tolerance to flow, 

this trend was found for A. dealbata which has a low flow velocity tolerance (Fig. 5.13). 

Therefore, the substratum that a species is commonly found in may be used as an indicator of 

velocity tolerance. 

On a more theoretical level, the Intermediate Disturbance Hypothesis (IDH; Connell 1978) 

has been suggested as a hypothesis pertaining to riparian zone species richness and 

consequently species spatial distribution. Velocity during a flood is a common disturbance of 

riparian zone vegetation of identifiable intensity. Nilsson (1987) and Nilsson and Holmstrom 

(1985) referred to the IDH to explain relationships in species richness. Channel current 

velocity was used as an indicator of disturbance level. Unlike Nilsson (1985), the relationship 

between channel geomorphic type (e.g. riffle, pool, etc. which equates to velocity Table 5.1 

and Fig. 5.8) and species richness for this study was not significant (Table 5.1; Fig. 5.8). This 

could be interpreted in a number of ways: that there is no relationship; that the relationship 

has been confused by the recording of seedlings only; that velocity is not an appropriate 

disturbance indicator for the IDH, where a frequency variable may be more appropriate; or, 

that some of the graphical trends noted are an indicator of a relationship. The graphical 

relationships fit the intermediate disturbance hypothesis only if you assume the following: 

pool is lowest disturbance with low velocity (Fig. 5.8); outer meander the highest given the 

erosion capacity and expected high velocity (See Gordon et al. 1992); run and inner meander 

intermediate disturbance or velocities (Fig. 5.8); and riffle intermediate (according to Nilsson 

1985) to high with highest velocities (Fig. 5.8). Consequently, the corresponding species 

richness appears to agree with the intermediate disturbance hypothesis, where highest species 

richness occurs for runs, inner meanders and riffles, and the lowest species richness for pools 
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and outer meanders (Fig. 5.8). However, if channel velocity is to be taken as an indicator 

of level of disturbance, riffle would have highest disturbance, while pool, inner meander and 

outer meander would have the least, which does not support the intermediate disturbance 

hypothesis, even graphically. Again there are problems associating channel velocity with 

conditions in the riparian zone during a flood, because channel flow during flood flows will 

not necessarily equal riparian flood flows. IDH needs to be investigated with a more relevant 

data set, which includes adults, such as that in Chapter 6. 

5.4.3 Plant physical characteristics and damage from flooding 

Flow velocity can have a physical influence on the above ground sections of plants in terms of 

shoot damage and stem flexion. It was expected that plants flexing the least would be most 

damaged under fast velocity conditions when the force exerted would be highest. However, 

this was not the case, the flexible A. dealbata was the only species to be damaged 

considerably in the flume experiment, losing photosynthetic material in all treatments (Fig. 

5.14 ). Since this included the no velocity treatment, it is likely that the loss of photosynthetic 

material from A. dealbata plants was mainly from inundation rather than velocity. In 

conclusion, potential damage that plants sustained from velocity exposure (up to 0.74 m s-1
) 

was small given that significant damage only occurred in response to inundation, not velocity. 

It was expected and demonstrated that faster velocity would produce a more acute bending 

than the slow flow treatment (Fig. 5.16). The angle of flexion is an indicator of flexibility 

under flow conditions with the subsequent hypothesis being that plants that bend more would 

be less affected by velocity (Sirjola 1969 for aquatic plants; Van Steenis 1981 for rheophytes). 

However, plants observed with the least flexion, L. obovatum and C. sieberi (Fig. 5.16), were 

also the species that showed a more positive growth response to velocity exposure (Figs. 5.16 

and 5.17). It would appear that flexibility does not directly infer tolerance to flow, although it 

may contribute to velocity tolerance, and that velocity tolerance is likely gained through a 

combination of other strategies. 

Obligate species may recover faster after damage if they are adapted to a damaging high 

velocity environment. The cut and flood experiment was used to test whether an obligate 

riparian species, compared to non-obligate species, demonstrated faster growth after damage. 

Experiment results supported this. C. cunninghamiana responds most favorably after having 

shoots removed, both in terms of height and biomass growth rate (Table 5.11; Figs. 5.20 and 
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5.21). This growth response is similar to observations of Chenopodium rubrum (Blom 

1990) and A/nus serrulata and Cornus amomum (Hupp, 1983). What the experiment 

indicated is that if C. cunninghamiana was to be damaged by flood flows, it has the ability to 

respond with fast growth and it does recover, such that it grows faster after being damaged. 

A. dealbata demonstrates the opposite of this trend, growing more if it was not damaged. 

These responses may be because of different growth physiology and shoot anatomy. 

Seedlings of A. dealbata show strong apical dominance, whereas seedlings of 

C. cunninghamiana have the propensity to produce many side shoots, more so if damaged. 

These differing growth physiologies mean that when the apical shoot of C. cunninghamiana is 

removed its side shoots make up for the loss of an apical bud, while the loss of an apical bud 

for A. dealbata may be fatal or the development of side shoots may take longer. Therefore, if 

a damaging event came from flooding, then damage and subsequent growth responses could 

be another factor that results in the species gradient across the riparian zone (Chapter 4, Fig. 

4.3). 

The inundation treatment did not produce significant differences for the cut and flood 

experiment (Table 5.10). This was surprising given the strength of the inundation 

relationships demonstrated in Chapter 4. The plants in the cut and flood experiment were 

allowed to grow on for four weeks after the experimental treatment, instead of the three weeks 

for the sequential inundation experiment in Chapter 4, which possibly allowed the variation 

caused by inundation to be lost from observation. Also the inundation treatment period was 

shorter in this chapter at two days compared to up to fifteen days for Chapter 4. Therefore, it 

could be concluded that inundation effects are relatively short-term given that favorable 

growth conditions are likely immediately after inundation. 

5.4.4 Velocity tolerance thresholds 

The results for the flume experiment were unexpected, because the highest velocity treatment 

was not expected to produce high relative growth rates, rather that it would cause stress to the 

plants and result in a growth decrease. Research on periphyton and macrophytes has 

demonstrated a relationship where flow is beneficial up to a threshold velocity, where growth 

is reduced if thresholds are exceeded (Homer and Welch 1981; Madsen and Sondergaard 

1983). The obligate riparian species (C. sieberi, C. cunninghamiana and L. obovatum) 

exposed to the fastest velocity treatment demonstrated the highest growth rates for both shoot 

biomass and height (Fig. 5.12). It was anticipated that the fast velocity treatment would be 



Chapter 5 160 

above the velocity tolerance levels of riparian species. This study indicated that the 

tolerance thresholds for C. cunninghamiana, C. sieberi and L. obovatum were not reached 

(Fig. 5.13). K. ericoides may have approached a threshold velocity response because growth 

for the slow flow treatment was almost the same as the fast flow growth rate, but not 

significantly lower (Table 5.6 and Fig. 5.13). Response of A. dealbata indicated that a 

threshold had been reached. A. dealbata had a negative growth response to fast velocity and 

no velocity, whilst for slow velocity growth was at least positive (Fig. 5.13). This indicates 

that the negative effects of inundation for A. dealbata (Chapter 4, Figs. 4.8 and 4.9) may be 

ameliorated by slow velocity water, whilst fast current velocity had a negative effect. This 

response is another indication of why A. dealbata was found further back in the riparian zone 

(Chapter 4, Fig. 4.3) where velocities during a flood would be lower. Hence the trend 

suggests that species threshold velocities are important to riparian woody plant growth; 

however, to quantify the threshold velocities of obligate species, faster flow treatments would 

be needed. 

Flow velocity could be regarded as an aspect of disturbance intensity, although plant response 

must be taken in context of what species are adapted to and consequently the tolerance to the 

level of disturbance. Disturbances with greater intensities are automatically expected to have 

a negative effect, this will not necessarily be the case if a species tolerance threshold has not 

been reached. In the case of the flume experiment, flow of greater intensity (faster) had a 

more positive effect on obligate species that should be adapted to higher flows (Figs. 5.11 and 

5.13; Table 5.12). The pattern of species response to velocity disturbance followed the 

relationship described by the Odum et al. (1979) subsidy stress gradient. This hypothesis 

considers that over the gradient of perturbation ( or disturbance) intensity, lower intensities can 

have a positive effect on performance, therefore acting as a subsidy. However, a point is 

reached on the perturbation gradient where performance is reduced because the level of 

disturbance has become a stress. The point where a perturbation changes from a subsidy to a 

stress is a species tolerance threshold to a particular disturbance. Thus, before conclusions 

can be reached about how a disturbance may affect a species, understanding of species 

tolerances must be gained. This indicates the importance of considering disturbances, such as 

current velocity from flooding, at the species level rather than for whole communities. 
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Table 5.12. Summary of species performance responses to flooding, both between species and between 
treatments. Regarding velocity, the question is asked, was growth between treatments or between species high, 
medium or low? For the damage experiment, did damage compared to no damage result in higher or lower 
growth rates? 

Species High Low No Growth 
velocity velocity velocity after 

damage 
Comparing: Between Between Between Between Between Between 

seecies treatments seecies treatments seecies treatments 
Acacia dealbata low low low high low low low 
Kunzea ericoides medium high medium high low low medium 
Casuarina medium high low medium low low high 

cunninghamiana 
Leptospermum medium high low medium medium medium 

obovatum 
Callistemon sieberi high high high medium high low 

5.4.5 Summary and conclusions 

Current velocity influences the growth of woody riparian species. This response is variable 

since species have different tolerances to the level of velocity. Obligate riparian species, 

which should be better adapted to faster current velocities than non-obligate species, were 

shown to have a stronger growth response following exposure to faster flow velocity. These 

species also showed very little damage after flow exposure. Therefore, species growth and 

damage responses support predictions for obligate riparian species (Fig. 5.1). Additionally, 

after shoot removal the tested obligate species (C. cunningharniana) did grow faster than non

obligate species (Fig. 5.20; Table 5.12). However, an initial prediction that proved incorrect 

concerned plant flexibility inferring velocity tolerance. For instance, the species that was 

least flexible had the most positive growth response after current velocity exposure 

(C. sieberi; Fig. 5.17). To put these observations in a field context, faster growth after 

flooding appears to be one of the factors contributing to the observed riparian species gradient 

found over the lateral riparian gradient (Chapter 4, Fig. 4.3). This pattern could occur either 

through tolerant species having a competitive advantage over less tolerant species or velocity 

causing exclusion of less tolerant but potentially more competitive species. 

Despite the significant relationship with velocity for the flume experiment, in-channel 

velocities did not directly point to differences between species in the field; but other flow

related variables did. For example, species with greater tolerance to flow velocity during the 

establishment phase (flume experiment) were found closer to the river in coarser substratum 

particle sizes (Chapter 3, Fig. 3.8) where flood velocity can be inferred to be greater. The 
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species gradient was: C. sieberi on the very edge, L. obovatum and C. cunninghamiana on 

the edge to further back, K ericoides rarely occurring on the edge and starting to become 

more prominent further from the river and up into the hill slope, and A. dealbata in the mid 

riparian zone and up the hill slope. These patterns are reflected in the field distributions of 

adult individuals (Chapter 2, Fig. 2.4), which indicates the importance of the establishment 

phase in determining species distribution pattern. Results reported in this chapter verify that 

riparian disturbance intensity, in terms of velocity, is one of the factors that contribute to the 

species gradient across the riparian zone. 

Velocity is an issue of disturbance intensity. It could be argued that the gradient of species 

for adults (Chapter 2), and also for seedlings (Chapter 4), is particularly an issue of 

disturbance and less-so resource availability. Results in this chapter suggest that disturbance 

intensity, arising from velocity, is an integral factor in the spatial distribution and dynamics of 

riparian vegetation because species velocity tolerances are reflected in species zonation across 

the riparian gradient. Velocity is a factor that has long been assumed important for riparian 

vegetation structure and dynamics, but until now has remained untested. Whilst species flow 

tolerances are similar to inundation tolerances (Chapter 4), this study has shown that it is not 

adequate to assume that the presence of water alone (inundation) is a satisfactory source of 

disturbance to produce spatial pattern in the riparian zone which occur under natural flow 

conditions. The absence of velocity, for example from engineering works or changes to the 

flow regime from regulation, may have impacts on riparian vegetation structure and dynamics 

that are not immediately apparent because of the often overlooked aspect of velocity effects. 

This Chapter has indicated how physical or abiotic variation from flow velocity can influence 

species distribution, as have all of the previous data chapters for different aspects of a biotic 

variation. Therefore, important physical variables have been identified and quantified. It 

remains now to determine whether species distribution can be predicted using such physical 

variables. Prediction of species distribution is investigated in Chapter 6. 
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CHAPTER 6. PREDICTION OF SPECIES DISTRIBUTION 

6.1 INTRODUCTION 

6.1.1 Can riparian species pattern be predicted? 

Riparian vegetation pattern and its potential environmental determinants have been 

investigated and discussed in this thesis in relation to different scales (Chapter 2); geomorphic 

type (Chapter 3); inundation (Chapter 4); and velocity (Chapter 5). Consequently, riparian 

vegetation spatial patterns have been found to reflect environmental variation. These patterns 

occur at both small (e.g. geomorphic unit) and large scales (e.g. geomorphic reach type; 

Chapter 2 and 3; Baker 1989; Coetzee and Rogers 1991; Van Coller et al. 2000). Therefore, 

it is reasonable to suggest that riparian plant distribution is largely a result of variation in the 

physical riparian environment. The consequent inference is that vegetation distribution can be 

predicted from variables found to be important in previous chapters. Hence, the primary aim 

of this chapter is to determine to what extent riparian vegetation distribution can be predicted 

from abiotic variation. Secondary consideration is also given to determining what factors 

influence species prediction and the potential uses of such a predictive technique. 

Statistical models that predict species distribution from environmental variation are common 

in vegetation ecology. Statistical modeling has been used to predict vegetation distribution 

for a variety of purposes including nature reserve selection ( e.g. Margules and Stein 1989), 

determination of altitudinal distribution (Austin et al. 1983), prediction of species richness 

(Everson and Boucher 1998), prediction of sites that are bio-diverse and have rare species 

(Nilsson et al. 1988), prediction of vegetation for mapping (Lechmere-Oertel and Cowling 

1999), and prediction of vegetation to assess hydrological alteration (Toner and Keddy 1997; 

Nilsson and Keddy 1988). Most of these models make use of logistic regression or 

discrimination where species presence or absence is predicted. Therefore, existing evidence 

suggests that statistical modeling has a valid use for the prediction of plant distribution from 

environmental variation. 

Modeling technique employed 

The most commonly used statistical model for the prediction of species occurrence is logistic 

regression, while another less common type is logistic discrimination. Both of these statistical 
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techniques predict only two states, presence or absence (Hair et al. 1992). On the other 

hand, Discriminant Function Analysis (DF A) allows the consideration of several states ( e.g. 

different communities or species). DF A has been used for the 'AUSRIV AS' modeling 

technique (e.g. Simpson and Norris 2000) which was originally developed from the 

'RIVPACS' technique (Wright et al. 1984; Moss et al. 1987; Wright 1995). These techniques 

calculate the probabilities of individual taxa occurrence within the groups that the DF A 

predicts. Both the AUSRIV AS and RIVPACS techniques were developed to predict the 

presence of macroinvertebrate species for the estimation of river condition. The statistical 

technique has also been trialed for the prediction of fish and diatom assemblages. These 

techniques predict macroinvertebrate distribution from environmental variables and rely on 

the assumption that sites with similar physical characteristics should have similar species 

complement prior to human interference. The statistical technique developed for AUSRIV AS 

is used for prediction of vegetation distribution in this chapter. 

Does spatial scale affect predictive accuracy? 

Riparian vegetation is distributed along two main gradients at different spatial scales 

(Chapter 2). The smallest scale gradient identified was the cross-riparian or lateral pattern of 

geomorphic units, which relates to distance from the river edge, elevation above the river and 

substratum type. The larger scale gradient relates to longitudinal river reach and segment 

differentiation. However, irrespective of plant location along the river length, the first 

geomorphic-unit gradient will be present. A third even larger scale of variation should also be 

present between river valleys (e.g. Nilsson et al. 1994). This chapter includes observations 

made in other river valleys to evaluate whether multiple valleys confuse prediction. However, 

differences between valleys have been limited by choosing, as far as possible, adjacent river 

valleys that all have predominantly native vegetation and are dominated at some stage along 

their length by Casuarina cunninghamiana. Choice of scale at which to predict species may 

affect predictive accuracy. Therefore, predictions are compared over three spatial scales: the 

geomorphic unit, riparian reach and river valley ( see Chapter 2 for scale definitions). 

Species niche in relation to prediction 

Some understanding of a species niche is necessary to understand predictive outcomes that are 

based on environmemal variation. There are two theoretical niche types. First is the 

fundamental niche that a species can use with interspecific competition and predation being 
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absent (Begon et al. 1990). Second is the realised niche, which is the portion of the 

fundamental niche that a species inhabits when predation and competition are present (Begon 

et al. 1990). In effect, understanding of a species' realised niche will guide the selection of 

predictor variables in a model. Austin et al. (1990) considered niche in terms of the 

multivariate habitat space within which each species has varying probabilities of occurrence. 

This idea was operationalised as a species quantitative environmental realised niche or 

QERN. A species feasible QERN was set at locations where a species has a 10 % or greater 

probability of occurrence, while optimal QERN is where species have a 70 % or greater 

probability of occurrence. These probability boundaries were arbitrarily set. As an example, 

Pearce et al. (1994) considered QERN when identifying habitat for a translocation program 

for endangered fauna; feasible QERN (10 % probability) was used to identify the limit of 

potentially suitable habitat, and optimal QERN (70 % probability) to select sites that had the 

greatest likelihood of species survival. Given the arbitrariness of the probability values, the 

QERN boundaries are considered in this chapter to determine whether they are realistic for 

riparian species and if they have any value for a plant rehabilitation situation. 

6.1.2 Disturbance of riparian vegetation and a biotic control 

Riparian vegetation may be considered abiotically controlled because of the close relationship 

it has with its physical environment. Two physical factors that influence riparian vegetation 

distribution and survival are hydrology (e.g. Johnson et al. 1976; Pearlstine et al. 1985; Baker 

1989; Stromberg and Pattern 1990; Siebel 1998; Chapters 4 and 5) and geomorphology (e.g. 

Nanson and Beach 1977; Hupp and Osterkamp 1985; Baker 1988; Van Coller et al. 1997; 

Chapter 3). In addition, components of geomorphology and hydrology ( e.g. sediment 

removal, flooding) are often referred to as disturbances, and are often frequent and intense 

(e.g. Duncan 1993; Kellman and Tacaberry 1993; Swanson et al. 1998; Auble and Scott 1998; 

Stevens and Cummins 1999). Other disturbances such as fire are not considered here. 

Communities that are frequently disturbed, suggesting that they have less temporal stability, 

are more likely to be abiotically controlled because biological interactions will be less 

important under frequent disturbance conditions (e.g. Grime 1974 and 1979; Southwood 

1988; Townsend and Hildrew 1994). Therefore, the hypothesis is made that riparian 

vegetation is abiotically controlled because of frequent and intense fluvial disturbance (see 

Chapter 1, section 1.4.4). 
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If a community is abiotically controlled then abiotic variables should be ideal predictors of 

species distribution because they will be closely linked to distribution. Evans and Norris 

(1997) obtained high predictive accuracy when micro-scale abiotic variation was used to 

predict benthic macroinvertebrate distribution in a frequently disturbed alpine stream, and 

hence suggested that species distribution was predominantly controlled by physical variation. 

The accuracy of a model that predicts riparian species distribution from physical variation is 

used to judge the degree of abiotic control on riparian vegetation in this chapter. The 

assumption that this idea relies on is that perfect, or near perfect, predictive accuracy is 

achievable because of abiotic control. In addition, the predictive results of flood disturbed 

riparian species are compared to predictions of hill slope species that are not (or very rarely) 

disturbed by flooding. The assumption for this test of flood induced a biotic control, is that 

hill slope vegetation is less disturbed; which does not take into account other potential hill 

slope disturbances such as fire and water stress. The investigation reported in this chapter 

aims to consider which physical variables are effective predictors of species distribution, 

whether riparian vegetation is physically controlled from frequent disturbance and whether 

frequent disturbance affects species predictability. 

Intermediate disturbance hypothesis 

Vegetation diversity is another aspect of the plant distribution pattern in the riparian zone. 

Just as species distribution varies across the riparian zone (Chapter 2), so too does the nature 

of flood disturbance (Bendix and Hupp 2000). The Intermediate Disturbance Hypothesis 

(IDH; Connell 1978) considers aspects of both diversity and disturbance. The IDH was 

investigated using juvenile plants and current velocity in Chapter 5; however, no evidence 

was found to support the hypothesis. Despite the support for the IDH from aquatic 

macrophyte studies (e.g. Nilsson 1987), this theory has not been widely supported for riparian 

vegetation (e.g. Nilsson 1987; Jonsson 1997). The IDH is examined in this chapter with data 

that considers both adults and juvenile riparian plants. 

6.1.3 Riparian zone rehabilitation could use a species prediction technique 

Many riparian areas around the world have been damaged either as a result of hydrological 

modifications ( e.g. dams, weirs, high flows, low flows, channelisation) or catchment 

modification (e.g. clearing, grazing, replanting with exotic species; e.g. Johnson et al. 1976; 

Reily and Johnson 1982; Harris et al. 1987; Rood and Mahoney 1990; Hancock et al. 1996; 
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Johnson 1992; Kingsford 2000). Consequently, few native plant species may remain in 

highly impacted areas, which is a problem if restoration of the native vegetation is important. 

Anderson (1995) provided a European overview of ecological rehabilitation and habitat 

creation, but failed to suggest an objective and comprehensive way to estimate species 

distribution for the range of habitats that may be present at a rehabilitation site other than by 

using atlases and floras. Likewise, the papers of Goodwin et al. (1997) and Kauffman et al. 

(1997) were silent on this issue. Henry and Amoros (1995) on the other hand suggested that 

predictive science could have a role in wetland rehabilitation, although probably referring to 

understanding ecosystem processes. In addition, Hobbs and Norton (1996) in their 

consideration of restoration ecology recognised that natural vegetation types were associated 

with environmental characteristics. Thus, there remains a need for a technique that can 

objectively select suitable plant species for restoration activities. 

'Blueprints' for rehabilitation activities should come from relatively undisturbed areas 

(Kauffinan et al. 1997). One possible way to choose species suitable for restoring an area 

would be to construct a species environment model that predicts vegetation distribution using 

environmental conditions. Such a model should be built using data from sites that are 

relatively undisturbed and would probably be location specific, at least to geographic regions. 

The construction of such models for riparian rehabilitation seems to have been overlooked. A 

statistical model to predict plant species for a rehabilitation site would be both objective and 

able to consider a range of environmental variation using multivariate statistics. Another aim 

considered in this chapter was to develop a predictive model and recommend methods that 

could be used to objectively select plant species for rehabilitation uses. 

6.1.4 Aims of this chapter : summary 

The primary aim of this chapter was to investigate the extent to which riparian species pattern 

can be predicted from physical riverine and climatic attributes. Linked to the main aim are 

questions that concern species prediction, being: could this method be used for vegetation 

restoration; does spatial scale of prediction influence the predicted outcomes; how does 

chosen probability level (hence QERN) affect predictions; and does predictive success 

indicate the level of abiotic control on riparian vegetation? This chapter brings together many 

of the issues raised in earlier chapters through the analysis of a multivariate data set. Previous 

issues are discussed further and are considered in different ways, such as the IDH and abiotic 

control of vegetation distribution. 
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6.2METHODS 

6.2.1 Study sites 

1bree rivers were sampled; the Murrumbidgee, Goodradigbee and Abercrombie Rivers (Figs. 

6.1 and 6.2). These rivers are in adjacent catchments (Chapter 1, Fig. 1.1 ), have mainly native 

riparian vegetation and have C. cunninghamiana somewhere along their length. For field site 

description see Chapter 1. 

Sites were selected along each river by assessing the geomorphic segment types ( see Chapter 

2 section 2.1.3) using 1:25 000 maps or aerial photos (where available) and, depending on 

accessibility, sites were placed in each of the representative geomorphic segments based on 

valley and river channel form. Transects were then placed in each of the different riparian 

reaches (Chapter 3, Table 3.2) that were encountered within a segment. For the 

Murrumbidgee River valley it was attempted to select sites so that the following reach types 

were sampled at least twice: 

• gorge (bedrock controlled, steep valley walls and river slope), 

• sloping riparian zone with no substantial floodplain development, 

• bedrock platform, 

• depositional point bar ( or floodplain with finer sediments, minimal floodplain 

complexity), 

• floodplain with terrace development and 

• floodplain complex (including flood-runner channels, floodplain and terrace 

development). 

Chapter 3 describes these types in greater detail. Plots were then established in the same 

fashion as Chapter 2. Sites within these rivers were also selected based on accessibility, 

which meant that a car could be parked nearby and the site was within one km of the car. 

However, care was taken to choose sites that had not been adversely impacted by either 

human traffic or heavy grazing. This selection meant that many of the sites were in reserves 

or national parks. 
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Figure 6.1. Study site locations in the Murrumbidgee River and Goodradigbee River valleys. Site numbers 
commencing with "MB" refer to the Murrumbidgee River and those commencing with "GD" refer to the 
Goodradigbee River. Note, the site numbers for the same sites are different to those used in Chapter 2 
(Appendix 1). 
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Figure 6.2. Study site locations along the Abercrombie River. Site numbers commencing with "AB" refer to the 
Abercrombie River (Appendix 1). Site AB1 is not shown since it was not included in the analysis. 

The sampling strategy used was the same as for Chapter 2, which used plots, transects and 

sites. Prior to sampling, topographic profiles of both sides of the river and the channel were 

recorded using a laser surveyor. Sampling-plot locations were also recorded on the profile. 

These profiles allowed plot elevation above river base flow level to be determined so that 

hydrologic characteristics could be ascertained. 

Different to Chapter 2, within each plot (5x20m, long side parallel to the river channel) two 

tapes were laid at the long side boundaries of the plot. The length that each species 

intercepted the tape lines was recorded, also the intercepts of exposed substratum type and 

native and exotic grass and herb was recorded. These recorded intercepts included actual 

plant touch points of the tape line and also intercepts above or below the tape. Within each 

plot (sampling unit) the following were recorded: 

• woody plant species present, identified using Harden (1990, 1991 and 1992); 

• height and diameter of tree species, including seedlings and saplings; 

• height of shrubs; 
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• a soil sample was taken from a random location within each plot, at 5 cm below the 

substratum surface and 20 cm below the surface for later laboratory analysis; 

• aspect was recorded for each plot; and 
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• notation made of the geomorphic unit the plot was in and the adjacent river type i.e. pool, 

riffle, inner meander, outer meander. 

6.2.2 Hydrological analysis 

Daily flow data were obtained from gauging stations operated by the local water authorities: 

the NSW Department of Land and Water Conservation and ACT Ecowise Environmental. 

Data were available for 1974 to 1998 (for all stations). Some stations had missing data, these 

were infilled using a regional comparison with other stations. This infilling was only 

necessary for two of the Abercrombie stations, and these were regressed against the adjacent 

station (R2 of 0.8; R2 of0.9). 

Hydrological data were also extrapolated for sites not immediately at or within close 

proximity to a gauging station provided they were not subject to major inflows. Extrapolation 

was performed using relative catchment areas, as recommended by Shaw (1983). For one site 

on the Abercrombie there was no gauging station upstream of the site. The percent catchment 

area of the upstream site that contributed to the catchment area of the lower gauging station 

was used to predict the proportion of gauging station flow that passed the upstream site. 

Site discharge estimates: 

1. CA diff (% site catchment area difference)= ((catchment area of site- catchment area of upstream 
gauging station)/ catchment area difference between the two surrounding gauging stations) x 100 

2. Q diff (Discharge difference)= discharge of downsteam gauging station - Discharge of upstream 
gauging station 

3. Q site (discharge at site)= (CA diff x Q diff) + Q upstream gauging station 
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For every plot where vegetation data were collected, the plot elevation was determined 

using laser surveyor data. A threshold discharge could then be determined for each plot 

indicating when that plot would be inundated. Using these thresholds and flow data, a flow 

spell analysis (e.g. Gordon et al. 1992) was run to determine the period of time a plot would 

be wet and the period of time dry. Stream power was also calculated: 

Stream power= (100 x gravity x plot discharge threshold x slope) 
width of river channel at plot 

Total stream power= (specific density of water x gravity x discharge at plot x river slope) 
width of channel 

6.2.3 Climate data 

Climatic information for each site was obtained from the climate surface-modeling package 

'ESOCLIM' run by the Australian National University 

(http://cres.anu.edu.au/outputs/anuclim.html). The package allowed the prediction of 

climatic conditions for areas where weather stations are not close by. Unfortunately the 

package cannot take into account cold air drainage along a river valley. Consequently, 

climatic conditions are considered in relative rather than actual terms, although the predicted 

climatic values did allow comparisons between rivers and sites along each river. 

6.2.4 Soil analysis 

Where soil samples could be collected (i.e. not in bedrock dominated plots), a sample was 

taken at 5 cm below the surface to avoid pure plant litter and 25 cm below to obtain an 

estimate of soil type in the root zone. 

In the laboratory a soil particle size analysis was performed determining percent gravel 

content to 6 mm, percent sand content between 6 and 0.06 mm, percent silt content between 

0.06 and 0.002 mm and percent clay< 0.002 mm. Gravel and sand analyses were performed 

with dry sieving, whilst silt and clay were determined with laser particle size analysis. The 

known weight sample of the sieved silt and clay portion of the sample were dispersed in 5 % 

solution ofhexametaphosphate (Calgon water softener) before samples were analysed with a 

Malvern Mastersizer laser particle size analyzer (Malvern instruments). Samples in solution 

were mixed with a sonic mixer and a subsample of between 1 to 4 ml ( depending on 

obscuration levels in the Mastersizer) was taken. This sample was immediately injected into 

the Malvern Mastersizer for particle size analysis (Agrawal et al. 1991). 
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Loss on ignition technique was used to determine percent soil organic matter. A 20 g 

subsample of each soil sample collected was placed in a furnace at 1100°C for three hours. 

The comparative weight loss after ignition in the furnace was used to calculate the proportion 

of organic matter in the soil sample. 

All of the soil variables considered in the statistical analysis, including other variables, are 

listed in Table 6.1. 

Table 6.1. Variables considered in the analyses for the prediction of species composition. These variables were 
considered by the stepwise DFA analysis as potential predictor variables. The stepwise analysis selected a small 
subset of variables for each of the models as predictor variables. Underlined variables were used for both the 
transect and plot scale analysis, while those not underlined were only used in the plot scale analysis. 

LAND USE GEOMORPHIC UNIT CLIMATE HYDROLOGY 
TYPE 

bank 
grazing flood channel 
camping floodplain 
minor grazing hill slope 
GEOMORPHIC REACH terrace 

TYPE 
terraced 
bedrock platform 
simple, slope only 
complex floodplain 
depositional zone 

simple floodplain 

riparian width (m) 

river width (ml 
island presence? 

inner meander -
( depositional) 

outer meander ( erosional} 
pool 

riffle 

SUBSTRATUM 
ph at 5cm depth 
ph at 20cm depth 
% bedrock 
% cobble 

%pebble 

%sand 

% bare soil 

% herbaceous cover 
% gravel at 5 cm depth 

% sand at5 cm 

% silt at 5 cm 
% clay at 5 cm 

% gravel at 20 cm depth 

% sand at 20 cm 

GEOMORPHIC UNIT % silt at 20 cm 

m to river % clay at 20 cm 

elevation above river - % organics at 5 cm 
channel 

unit length (m) % organics at 20 cm 

slope between units 

aspect 
total rainfall 
rain maximum 
rain minimum 
rain median 

radiation maximum 
radiation minimum 
radiation median 
temperature minimum 
temperature maximum 

evaporation maximum 

evaporation minimum 

evaporation median 

temperature 9.00 max. 
temperature 9.00 min. 

temperature 9.00 med. 

temperature 15.00 max. 
temperature 15.00 min. 

temperature 15.00 med. 

threshold discharge 
% probability of excedence 
% days flooded 
% days not flooded 
number of periods -

inundated 
inundation duration med. 
inundation duration min. 
inundation duration max. 
range/median duration 
days between inundation -

median 
days between inundation -

minimum 
days between inundation -

maximum 
range/median days -

between inundation 
river slope 
Width of river channel at -

plot 
stream power for valley 

stream power at plot 
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6.2.5 Data analysis 

Prior to data analysis the data set was divided into two sets, being the reference site or model 

building data (128 plots) and the test set, which was 10 percent of plots (13 plots for all 

rivers), used to test the accuracy of prediction. Species that occurred in less than 5 % of sites 

( except for the species richness investigation) were removed to reduce analysis noise. An 

ARCSJNE square root transformation of all percentage type physical variables was also 

carried out. The first steps in analysis were classification and ordination procedures, which 

were described Chapter 2. This classification analysis was used to group sampling units 

(plots or transects depending on analysis question) based on species presence/absence. These 

groups formed the basis for species predictions in the Discriminant Function Analysis (DF A) 

and are here forward referred to as 'the groups'. 

The predictions in this chapter were based on Discriminant Function Analysis (DFA). DFA 

was considered more appropriate than other predictive analyses such as logistic regression 

because it can predict multiple states rather than just presence or absence of one state ( e.g. a 

single species). The DFA analysis was performed using SAS (version 6.12 SAS Institute 

1989-1996). The multiple states that this chapter reports on were community types delineated 

by the above mentioned classification analysis. DF A is statistically based modeling, is based 

on correlation (Austin et al. 1990) and therefore does not indicate causality. Nevertheless, 

DF A analysis does raise questions for future experimental investigations. 

Stepwise DF A was used to select the environmental predictor variables that were best able to 

discriminate between the groups. Other variables that were significant to a probability of 0.01 

in a Monte Carlo simulation analysis (MCAO; Belbin 1992; see Tables 6.4 and 6.12), were 

also run through the model, but predictive accuracy declined so the results were not reported. 

Each of the groups was defined in the cluster analysis based on a particular species 

composition, allowing the calculation of species probabilities of occurrence within each of the 

groups (Wright 1995). These probabilities were calculated as the proportion of sampling 

units in the group/s where a species occurs (Wright 1995). This species frequency was 

weighted by the probability with which a sampling unit belonged to any one group (Wright 

1995). The probabilities of each test sampling unit belonging to each of the groups was 

calculated with DF A and hence the probabilities of species likely to occur in these groups. 
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The statistical analysis computer code for the model itself was developed at the Co-

operative Research Centre for Freshwater Ecology based on Wright (1995) and are reported in 

Simpson and Norris (2000). Essentially, what the statistical technique did was to predict the 

likelihood of test plot occurrence in each of the groups based on the test plot's physical 

attributes. The analysis then used the calculated probability of each species occurrence within 

each of the groups to assign individual probabilities of occurrence for species in the test plot. 

Different levels for the probability of a species to be predicted were tested. The levels tested 

were 10, 25, 50 and 70 %. The 10 and 70 % probabilities correspond to the QERN 

boundaries of Austin et al. (1990). As an example, a species with a probability of occurrence 

of 12 % would be predicted as present at the probability level of 10 %, but not predicted, 

hence absent, for probability levels of 25, 50 and 70 %. fu this sense species 'predicted as 

absent' in this chapter means that the species in question was not predicted to occur as it had a 

probability less than the selected cut off point, while 'predicted as present' refers to species 

with a probability of occurrence greater than the selected cut off point. The only time when 

present or absent is 'true' (i.e. when it does not correspond to a probability) is when species 

actual presence or absence was observed in the test plot and is referred to as 'observed present 

or absent'. 

Models were also run at different spatial scales: plot, transect, one river valley 

(Murrumbidgee) and three rivers combined. Different spatial scales were analysed by 

amalgamating data at the relevant scale as previously described in Chapter 2. 

Comparison of the Murrumbidgee plot analysis to the all rivers plot analysis was unbalanced; 

the Murrumbidgee River had slightly more than twice the number of plots than the 

Abercrombie and the Goodradigbee river plots combined. This was not considered to be a 

significant problem because the reason the Goodradigbee and Abercrombie Rivers were 

included was to determine whether prediction over a greater spatial scale (multiple river 

valleys) confused the predictive outcomes compared to a single river valley. 
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The predictive accuracy of the model was calculated in terms of percent error or accuracy. 

Predictive accuracy was further broken down into sensitivity, the correct prediction of species 

presences, and specificity, the correct prediction of species absences as per Lindenmayer et al. 

(1991; Table 6.2). These values were calculated for species predictions in the test plots. 

Table 6.2. Calculation of model adequacy measures as per Lindenmeyer et al. (1991). 'a' is the number of 
species correctly predicted present. 'b' is the number of species not predicted to occur (absent) but were 
observed present (incorrect). 'c' is the number of species predicted present that were observed absent 
(incorrect). 'd' is the number of species not predicted that were correctly observed absent. 

Predicted 
occurrence 
Yes 

Actual Yes a 
occurrence 

No C 

Error= (c+b) IN 
Sensitivity (SN)= a I (a+b) 
Specificity (SP) = d I (c+d) 

Totals 

No 
b a+b 

d c+d 
N 

All of the above measures are expressed as percentages. 

Predictive analyses performed were: 

1. analysis of the data from all the river valleys, excluding hill slope plots, at the plot scale; 

2. analysis of the data from all of the river valleys, excluding hill slope plots, at the transect 

scale; 

3. analysis of the data from the Murrumbidgee River only, excluding hill slope plots, at the 

plot scale; and 

4. analysis of data from all of the river valleys, excluding riparian plots, at the plot scale. 

The results of these analyses were compared to answer the aims and questions posed in this 

chapter (section 6.1. 7). 
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6.3 RESULTS 

6.3.1 Classification group definitions - all rivers - plot scale 

Plots were classified based on species composition. The physical variables that were 

significantly related to species pattern were identified using Principal Axis Correlations 

(PCC) and Monte-Carlo analysis (MCAO, see Chapter 2 methods). 

The groups of plots from the cluster analysis were typified by: 

177 

Group 1: only C. cunninghamiana was found in this group (Table 6.3); the associated 

physical variables were high evaporation, presence of riffles, and high stream power. Plots in 

this group most often occurred on a broad complex floodplain surface (Table 6.4). Therefore 

this group can be characterised as: C. cunninghamiana dominated complex floodplain 

plots.,_ 

Group 2: dominated by Kunzea ericoides, C. cunninghamiana and numerous species found on 

rocky surfaces (Table 6.3); the physical characteristics were high stream power, high 

temperature, and fairly high rock cover (Table 6.4). This group consisted mainly of the rocky 

areas within geomorphic types such as complex floodplain. Therefore this group can be 

characterised as: plots on rocky areas within geomorphic types not necessarily typified by 

bedrock. 

Group 3: dominated by Callistemon sieberi; C. cunninghamiana and K. ericoides were also 

common (Table 6.3); had the lowest average elevation, with the longest flood duration, 

smallest time between inundation and a fairly high stream power (Table 6.4). The plots in 

this group were frequently found on bedrock controlled floodplains and also occurred on bank 

geomorphic units (closest to river). Therefore this group can be characterised as: plots closest 

to river with C. sieberi. 
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Group 4: the common species in this group were K ericoides, Bursaria spinosa and 

Acacia dealbata (Table 6.3); the associated physical variables were that plots rarely occurred 

on bank geomorphic units, had a high elevation above the river, while the hydrology and 

climate characteristics were intermediate between other groups except that rainfall was the 

lowest (Table 6.4). Plots in this group most frequently occurred in gorge geomorphic types 

with a high surface rock cover. Therefore this group can be characterised as: high elevation 

gorge plots. 

Group 5: Common species in this group included Leptospermum brevipes and Rubus 

parvifolia and were plots only from the Goodradigbee River (Table 6.3). In terms of physical 

variation, half of the plots were on depositional point bar geomorphic types and the other half 

depositional floodplains; soil in these plots was found to have a high organic content in the 

top 5 cm; rainfall was highest and evaporation the lowest; there was no bedrock on the surface 

of these plots; hydrological characteristics indicate fairly frequent and longer inundation and 

an intermediate stream power (Table 6.4). Therefore this group can be characterised as: 

Goodradigbee floodplain plots. 

Group 6: species common to this group included A. dealbata, Eucalyptus viminalis and 

Leptospermum obovatum and also some higher altitude eucalypt species (Eucalyptus 

pauciflora, Eucalyptus stellulata) (Table 6.3). Common physical characteristics included 

depositional floodplain riparian reach type; soil clay content being highest of all groups; 

riffles never occurred adjacent to the plots; climatically temperatures were the lowest of the 

groups; in terms of hydrology, elevation above the river was relatively high with lowest 

inundation duration, the longest time between floods and stream power was the lowest (Table 

6.4 ). Therefore this group can be characterised as: high altitude terraced plots. 

The groupings of plots by species showed delineation at three scales: the small scale 

geomorphic unit or plot (Groups 2, 3 and 4), the larger scale ofriparian reach and valley 

segment (Groups 6 and 1), and at the largest scale ofriver valley (Group 5; Tables 6.3 and 

6.4). However, river valleys were not distinctly separated in the cluster analysis of plots by 

species apart from the Goodradigbee River Valley in Group 5 (Table 6.3). 
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Table 6.3. Two-way table of species by plot groups for all rivers at the plot scale. "-" indicates the species was not present, "*"indicates the species was present. Underlined species 
names indicates that they are obligate riparian or wet area species. A=Abercrombie River, G=Goodradigbee River and M=Murrumbidgee River. 

River 
Site 
Site 
Transect 
Transect 
Plot 
Plot 
Group 

Acacia rubida 

Calytrix tetragona 

Pomaderris angustifolia 

Bursaria lasiophylla 

Cassinia longifolia 

Grevillea juniperina 

Dodonaea viscosa 

Pomaderris eriocephala 

Acacia dealbata 

Eucalrptus viminalis 

Lomatia myricoides 

Eucalyptus pauciflora 

Euc alyptus stellulata 

Lep tosp ermum obovatum 

Bursaria spinosa 

Lep tospermum brevipes 

Rubus parvifolius 

Casuarina cunninghamiana 

Kunzea ericoides 

Callistemon sieberi 

Pomaderris betulina 
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Table 6.4. Means and standard deviations for the physical habitat variables which were selected as being 
significantly related to vegetation pattern from the PCC and MCAO analysis, and the Stepwise DFA. The 
averages and standard deviations are listed for each of the six groups used in the model predictions. "-" indicates 
standard deviation that is not relevant because the variable is presence/absence. The variables marked with a"*" 
were selected for the predictive model from the stepwise DFA analysis. 

Group ⇒ 1 1 2 2 3 3 4 4 5 5 6 6 

Variable .ij Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 
MORPHOLOGY 

* Adjacent riffle 0.82 0.54 0.12 0.50 0.50 0.00 

* %rock cover 0.41 0.34 0.51 0.48 0.34 0.37 0.57 0.53 0.00 0.00 0.11 0.21 
(ARCSIN SQRT 
transformed) 

* Elevation above 0.90 1.30 2.00 1.70 0.30 0.80 5.10 4.50 1.30 1.50 2.70 2.50 

channel (m) 

* Bedrock 0.09 0.19 0.29 0.13 0.00 0.04 

floodplain 
Complex 0.46 0.31 0.12 0.00 0.00 0.00 

floodplain 

* Depositional point 0.09 0.04 0.00 0.00 0.50 0.00 

bar 
Simple floodplain 0.36 0.08 0.00 0.38 0.50 0.38 

* Gorge 0.00 0.08 0.06 0.25 0.00 0.00 

* Riparian width 83.46 34.12 78.08 44.50 60.12 41.27 48.38 38.31 19.00 8.08 42.74 25.42 

(m) 
Mid channel 0.64 0.39 0.18 0.00 0.00 0.00 

island 
Bank geomorphic 0.36 0.23 0.77 0.13 0.50 0.33 

unit 
SOIL 
pHat20cm 3.89 3.91 2.14 3.13 3.69 3.60 1.78 2.61 5.00 3.34 5.23 2.77 

%Clayat20cm 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
(ARCSIN SQRT 
transformed) 

Organics at 5cm 2.50 3.29 2.91 2.57 5.35 4.94 3.73 4.03 8. 75 5.04 7.53 5.85 

(g) 
CLIMATE (monthly) 
Median rainfall 56.82 2.07 57.92 4.31 55.74 6.94 67.31 15.84 78.25 10.14 60.40 16.14 

(mm) 
Maximum 7.38 0.09 7.33 0.13 7.22 0.21 7.26 0.16 7.10 0.12 7.08 0.16 

evaporation 
(mm/day) 

* Median 3.71 0.07 3.66 0.09 3.66 0.14 3.52 0.25 3.28 0.08 3.63 0.22 

evaporation 
(mm/day) 

Median 13.66 0.64 13.70 0.68 13.28 0.97 13.17 0.90 13.08 1.06 12.59 0.73 

temperature at 
3.00pm (0C) 

* Median 11.11 0.50 11.20 0.55 10.85 0.80 10.50 0.92 10.30 1.38 9.88 0.65 

temperature at 
9.00 am (0C) 

HYDROLOGY 
Flood duration 3.50 1.20 2.80 1.30 4.20 1.30 2.50 0.90 2.50 0.60 2.30 1.30 

(days) 
Median days 52.60 99.80 75.40 103.70 14.80 12.80 97.80 94.70 13.50 9.00 1096.50 2522.00 

between floods 
Minimum days 1.10 0.30 1.30 0.50 1.10 0.20 3.60 4.70 1.00 0.00 843.10 2445.00 

between floods 
Maximum days 1304.90 1394.00 1415.20 979.20 597.40 298.10 1360.10 720.20 418.50 250.10 2142.70 2643.00 

between floods 
Range/median 43.60 17.40 35.60 20.70 44.90 15.40 23.10 12.80 33.00 16.10 24.70 18.80 

between floods 
Plot stream 6897.80 4512.40 6901.30 11614.6 6775.20 5252.30 3572.20 3437.00 4280.50 2996.20 1617.20 1166.10 

ower 
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6.3.2 Predictive modeling - all rivers - plot scale 

Nine physical variables were selected by the stepwise DF A that best discriminated between 

the six groups, being: temperature at 3.00 pm minimum, median evaporation, riffle adjacent to 

transect (presence/absence), depositional point bar (presence/absence), presence of bedrock 

controlled floodplain, presence of gorge, riparian width, % bedrock substratum cover and 

elevation above river (Table 6.4 ). 

Specificity ( correct prediction of species absence, Table 6.2) increased with increasing 

probability (Tables 6.5 and 6.6). On the other hand, sensitivity ( correct prediction of species 

presence, Table 6.2) decreased with increasing probability (Tables 6.5 and 6.6). These 

specificity and sensitivity patterns were to be expected ( e.g. Pearce et al. 1994 ). Overall 

accuracy for the probability of 25 % was the most accurate. In addition, 25 % probability 

would also more readily predict the occurrence of rarer species that would otherwise be 

excluded by 50 % and 70 % probabilities (Tables 6.5 and 6.6). Therefore, further results are 

presented for 25 % probability level, which had relatively high sensitivity and specificity 

values in combination (Table 6.5). 

Other variable combinations were used for modeling which were based on the PCA and 

MCAO analyses, and river valley was added as a variable. However, the overall predictive 

accuracy declined so predictions from these other combinations were not reported. 

Table 6.5. Error, sensitivity and specificity values for the prediction of species distribution at the plot scale for all 
rivers. "Prob." refers to probability of prediction level; SN refers to Sensitivity; SP refers to Specificity. Overall 
accuracy is calculated as the sum of ((SN+SP+(100-error))/300)x100. 

Prob. Observed SN SP Error % Overall Predicted Predicted Total 
% % % accurac~ eresent absent 

10% Present 69 34 15 49 
10% Absent 69 31 69 70 154 224 
25 Ofo Present 55 27 22 49 
25% Absent 92 15 77 19 205 224 
50% Present 32 16 33 49 
50% Absent 96 15 71 9 215 224 
70% Present 25 12 37 49 
70% Absent 98 15 69 4 220 224 
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Species predictions 

C. cunninghamiana was often incorrectly predicted as present and absent (Table 6.6). As 

background information, this species has a sharp altitudinal limit in the Murrumbidgee River 

valley, which was not observed for the Abercrombie River because of field site 

inaccessibility. The distribution limit of C. cunninghamiana on the Goodradigbee River was 

observed, although individuals were also observed upstream and it was unclear if these were 

human plantings or remnants of a previously wider spread population, or even a species in the 

process of spreading. In addition, where this species does occur it tends to be dominant, at 

least close to the river, and influences the presence of other species. 

Some of C. cunninghamiana mis-predictions appear to be because the model did not have 

experience of the conditions of the test plot in question, that is, model building plots did not 

sample all of the possible variability. For example: C. cunninghamiana was not predicted to 

occur in plots A5-1-1 and G6-1-2 (Table 6.6), where this species is actually dominant. The 

Abercrombie test plot (AS-1-1) was placed with plots of high altitude, or Group 6, which is 

correct. However, the test plot is on the river bank where C. cunninghamiana frequently 

occurs, but the plot was also placed in a high altitude group which did not commonly contain 

C. cunninghamiana. The mis-prediction of C. cunninghamiana for the Goodradigbee site 

(G6-l-2), which was placed in Group 4 (higher elevation above river group), appears to 

predict correctly given that the elevation of this plot is 8 m above the river where 

C. cunninghamiana rarely occurred in the model building plots. However, 

C. cunninghamiana in this plot was at an unusually high elevation above the river. Therefore, 

this plot was also outside the model's experience regarding C. cunninghamiana. 

Other test plots had C. cunninghamiana predicted to occur when it did not. For example, the 

plot M2-3-2 does not contain C. cunninghamiana. However, this plot was an anomaly within 

a site that is dominated by C. cunninghamiana, by chance this plot occurred where 

C. cunninghamiana didn't, possibly because not enough plots were sampled. 

C. cunninghamiana is incorrectly predicted to occur in plot GS-1-3; although, 

C. cunninghamiana does occur approximately 1km downstream and infrequently upstream of 

test plot GS-1-3. Whilst the prediction is incorrect, it is not unexpected. C. cunninghamiana 

was incorrectly predicted to occur at M6- l- l, and it does not occur until approximately 19 

river kilometers downstream of M6- l-1. 
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Some of the test plots were predicted to have species that did not occur in the plot, but 

were found elsewhere at that site, for example: E. viminalis at MB13-2-1 and AB5-1-1; 

A. dealbata at MB6-1-1, MB12-1-2 and GD5-1-3; K. ericoides at GD5-1-3 and MB8-2-2; and 

L. brevipes at GD5-l-3. Therefore, some degree of predictive accuracy was present for these 

sites. Test plots where a species was predicted as present but observed as absent within the 

site or nearby include: Pomaderris angustifolia at GD6-1-2 and MB 12-1-2; and L. brevipes at 

MB12-1-2. Such inaccuracies should be less in the larger scale transect-model (reported 

below). 

Species that were associated with the greatest predictive error were also the most common 

species, being 43 % for A. dealbata, 48 % for C. cunninghamiana and 52 % for K. ericoides 

(Table 6. 7). Although these species did still have reasonable sensitivity and specificity 

values. 
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Table 6.6. Probability of species occurrence for the plot scale model including plots from all rivers. "*" indicates species that did actually occur in the test plots. Bold values indicate 
species that are predicted to occur with greater then 25 % probability. The plot names are site number-transect number-plot number, plots always start at 1 or the bank which is 
closest to the river. A=Abercrombie River, G=Goodradigbee River and M=Murrumbidgee River. 

Species test plot 5-1-1 6-1-2 4-1-1 5-1-3 6-1-2 1-1-2 2-1-1 2-3-2 6-1-1 7-1-2 8-2-2 12-1-2 13-2-1 
River A A G G G M M M M M M M M 

Group predicted into 6 1 5 6 4 1 1 2 3 1 2 4 6 
see Table 6.3 

Acacia rubida 0.0081 0.0008 0.0001 0.0386 0.2373 0.0033 0.0367 0.2111 0.1533 0.0991 0.1959 0.2492* 0.0022 
Acacia dealbata 0.7778* 0.0007* 0.2511* 0.7302 0.6346* 0.0030 0.0315 0.2636* 0.3286 0.1074 0.1959 0.5296 0.8183* 
Bursaria lasiophylla 0.0726 0.0003 0.0001* 0.0598 0.0043* 0.0014 0.0157 0.0836 0.0511 0.0402 0.0817 0.0262 0.0804 
Bursaria spinosa 0.1453 0.0001 0.0005* 0.2395 0.8375 0.0005 0.0053 0.0412 0.0298 0.0207 0.0305 0.6632* 0.1611* 
Calytrix tetragona 0.0003 0.0005 0 0.0173 0.1187 0.0019 0.0211 0.1133 0.0697 0.0547 0.1094 0.1282* 0.0001 
Casuarina cunninghamiana 0.1856* 0.9990* 0.4993 0.1691 0.0079* 0.9956* 0.9528* 0.6472 0.6151 0.8492* 0.7210* 0.1638 0.1413 
Cassinia longifolia 0.2613 0.0006* 0.0005 0.2130 0.0149 0.0024 0.0262 0.1518 0.1163 0.0702 0.1405 0.0448* 0.2833* 
Callistemon sieberi 0.2374 0.0001 0.0005* 0.1747 0.1259 0.0007 0.0053 0.2399 0.5441* 0.0668 0.1009 0.1263* 0.1557* 
Dodonaea viscosa 0.1088 0.0001 0.0003 0.1238 0.2432 0.0005 0.0052 0.0317 0.0208 0.0155 0,0282 0.1957* 0.1206 
Euca(vptus pauciflora 0.2172 0 0.0004 0.1790 0.0125 0 0 0.0002 0.0005 0.0001 0 0 0.2411 
Eucalyptus stellulata 0.2535 0 0.0005* 0.2262 0.1330 0 0 0.0021 0.0023 0.0011 0.0005 0.0935 0.2813 
Eucalyptus viminalis 0.5145 0 0.2505* 0.4411* 0.0291 0 0 0.0127 0.032 0.0033 0.0043 0.0015 0.5646 
Grevillea juniperina 0.0365 0.0005 0.0001 0.0301 0.0023 0.0019 0.0210 0.1114 0.068 0.0536 0.1089 0.0347* 0.0402 
Kunzea ericoides 0.1863 0.0029* 0.4994* 0.2894 0.8374* 0.0120 0.1310* 0.8331* 0.7459* 0.3732* 0.7272 0.8857* 0.1416* 
Leptospermum brevipes 0.1812 0 0.9983* 0.2784 0.3657* 0 0 0.0058 0.0058 0.0032 0.0014 0.2805 0.2013 
Leptospermum obovatum 0.2838* 0.0001 0.0006 0.2248 0.0149 0.0005 0.0052 0.0775 0.1411 0.0258 0.0445 0.0144 0.2895* 
Lomatia myricoides 0.2611 0.0001* 0.2500* 0.2494 0.1331 0.0005 0.0052 0.0423 0.0502 0.0176 0.0320 0.1036 0.2834 
Pomaderris angustifolia 0.0002 0.0001 0.0001 0.0515 0.3554 0.0005 0.0052 0.0335 0.0223 0.0165 0.0286 0.2892 0.0002 
Pomaderris betulina 0.0078 0.0002* 0 0.0212 0.1186 0.0011 0.0105 0.0699 0.0666 0.0309 0.0592 0.1123 0.0021 
Pomaderris eriocephala 0.0725 0.0001 0.0002 0.0769 0.1227 0.0005 0.0052 0.0298 0.0189 0.0145 0.0277 0.1022 0.0804 
Rubus parvif olia 0.1450 0.0002 0.9981 0.1971 0.0084 0.0009 0.0105 0.0558 0.0343 0.0269* 0.0545 0.0174 0.1609 
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Table 6.7. Individual species predictive error, sensitivity and specificity for each probability level in the test plots 
using the all rivers at the plot scale model. SN = % sensitivity, SP = % specificity and error is percentage also. 

Species SN SP error SN SP error SN SP error SN SP error 
% Probability 10 10 10 25 25 25 50 50 50 70 70 70 
Acacia rubida 100 66 30 100 100 0 0 100 7 0 100 7 
Acacia dealbata 83 71 46 83 57 30 50 71 38 50 85 30 
Bursaria lasiophylla 0 100 0 0 100 15 0 100 15 0 100 15 
Bursaria spinosa 66 70 30 33 90 23 33 90 23 0 90 30 
Calytrix tetragona 100 75 23 0 100 7 0 100 7 0 100 7 
Casuarina cunninghamiana 85 0 53 71 50 38 71 33 30 71 100 15 
Cassinia longifolia 33 50 53 33 90 23 0 100 23 0 100 23 
Callistemon sieberi 75 44 46 25 100 23 33 100 15 0 100 23 
Dodonaea viscosa 100 66 30 0 100 7 0 100 7 0 100 7 
Eucalyptus pauciflora 0 76 23 0 100 0 0 100 0 0 100 0 
Eucalyptus stellulata 0 75 30 0 83 23 0 100 7 0 100 7 
Eucalyptus viminalis 100 81 15 100 81 15 0 81 30 0 100 5 
Grevillea juniperina 0 83 23 0 100 7 0 100 7 0 100 7 
Kunzea ericoides 88 0 38 88 50 23 55 25 38 44 25 46 
Leptospermum brevipes 100 63 30 100 81 15 50 100 7 50 100 7 
Leptospermum obovatum 100 81 15 100 100 0 0 100 15 0 100 15 
Lomatia myricoides 50 36 38 50 81 23 0 100 15 0 100 15 
Pomaderris angustifolia 0 84 15 0 84 15 0 100 0 0 100 0 
Pomaderris betulina 0 16 23 0 100 7 0 100 7 0 100 7 
Pomaderris eriocephala 0 84 15 0 100 0 0 100 0 0 100 0 
Rubus parvifolia 0 66 38 0 91 15 0 91 15 0 91 15 
Mean 51 61 29 37 88 18 14 90 15 10 91 17 

6.3.3 Predictive modeling - all rivers - transect scale - comparison with plot scale 

The large scale predictive inaccuracies that were noted in the plot scale ( small scale) model 

prompted the construction of a transect or riparian reach scale model, which was similar to the 

Chapter 2 scale investigation. Predictions at the transect scale were reasonable. The overall 

error for the transect model was 26 % (Table 6.8). For 25 % probability of occurrence level, 

sensitivity was good at 83 % and specificity also good at 72 % (Table 6.8). The lowest 

overall percent error for the different probabilities of occurrence was 14 % for 70 % 

probability (Table 6.8). 

Higher sensitivity was achieved in the transect scale model compared to the plot scale model, 

but the transect model had lower specificity and higher overall error rates (Fig. 6.3; Table 6.5 

and 6.8). Conversely, the predictive error was greater at the transect than the plot scale (Fig. 

6.3; Table 6.7 and 6.8). For the transect scale model 25 and 50 % probabilities of occurrence 

were most successful. However, percent error was the lowest for 50 and 70 % probabilities. 

50 % prediction level was successful in that it did not incorrectly predict C. cunninghamiana, 
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which has a distinct distribution cut-off point, 25 % probability incorrectly predicted 

C. cunninghamiana as present in half of the test of transects (Table 6.9). Overall though, 

predictions at 50 % were generally correct because they reflected observed species patterns, 

although many species with lower probabilities of occurrence (rare species) were never 

predicted as present (11 species) or were not predicted when they were observed to occur. 

The transect model had lower resolution because it was only able to use large scale prediction 

variables such as geomorphic valley type, land use, adjacent stream form, climate and river 

slope. The variables selected by the stepwise DF A at the transect scale, were rainfall 

maximum, median rainfall and pool stream type. 

Table 6.8. Model accuracy measures for all rivers at the transect or riparian reach scale. The overall error rate 
was 26 %. This table is based on the information contained in Table 6.9. "Prob." refers to probability of prediction 
level; SN refers to Sensitivity; SP refers to Specificity. Overall accuracy is the sum of ((SN+SP+(100-
error))/300)x100. 

Prob. Observed % % % error % Overall Predicted Predicted Total 
SN SP accuracl Present Absent 

10 Present 91 22 2 24 
10 Absent 47 45 64 54 48 102 
25 Present 83 20 4 24 
25 Absent 72 25 76 28 74 102 
50 Present 58 14 10 24 
50 Absent 88 17 76 12 90 102 
70 Present 38 9 15 24 
70 Absent 97 14 73 3 99 102 
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Table 6.9. Probability of species occurrence for all Rivers at the transect scale. "*" indicates test species that 
were found. Bold values indicate species that are predicted to occur as present at 25 % probability level. The 
plot names are site number-transect number. A=Abercrombie River, G=Goodradigbee River and 
M=Murrumbidgee River. 

River A G G M M M 
Transect 2-2 4-2 6-2 2-2 5-2 6-1 
S ecies 
Acacia rubida 0.0114 0 0.0108 0.1634 0.5359 0.4792* 
Acacia dealbata 0.4259* 0.8334* 0.6046* 0.5471 0.8441* 0.7992 
Bursaria lasiophylla 0.0833 0.3333* 0.1904 0.0814 0.0771 0.0777 
Bursaria spinosa 0.0099 0.4999 0.2240 0.1401 0.4593 0.4110 
Calytrix tetragona 0.0065 0 0.0062 0.0934 0.3062 0.2738 
Casuarina cunninghamiana 0.9867* 0.3333 0.7009* 0.8131* 0.3876 0.4519 
Cassinia longifolia 0.2560 0 0.1485 0.3375 0.5371 0.5066 
Callistemon sieberi 0.5089 0.3333* 0.4367 0.6284 0.9210 0.8764* 
Dodonaea viscosa 0.0050* 0.3333 0.1477 0.0701 0.2297 0.2055 
Eucalyptus pauciflora 0 0.0001 0.0007 0 0 0.0001 
Eucalyptus stellulata 0.0001 0.1668* 0.0722 0 0 0.0002 
Eucalyptus viminalis 0.0882 0.5000* 0.2671 0.1515 0.3066* 0.2832 
Grevillea juniperina 0.0880 0 0.0522 0.1514 0.3066 0.2831 
Kunzea ericoides 0.6737* 0.6666 0.6727 0.7678* 0.9984 0.9632* 
Leptospermum brevipes 0.0004 0.9999* 0.4294 0.0001 0 0.0004 
Leptospermum obovatum 0.0081 0.0002 0.0087 0.1167 0.3828* 0.3425 
Lomatia myricoides 0.0851 0.6666* 0.3355* 0.1048 0.1535 0.1464 
Pomaderris angustifolia 0.0049* 0 0.0046 0.0700 0.2297 0.2054 
Pomaderris betulina 0.2446* 0 0.1375 0.1741 0.0012 0.0274 
Pomaderris eriocephala 0.0049 0 0.0046 0.0700 0.2297 0.2054 
Rubus p__arvtfolius 0.0849 0.3334 0.1924 0.1048 0.1535 0.1463 
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Table 6.10. Individual species predictive error, sensitivity and specificity for each probability level for the test plots 
using the all rivers transect scale model. SN = % sensitivity, SP = % specificity and error is percentage also. 

Species SN SP error SN SP error SN SP error SN SP error 
% Probability 10 10 10 25 25 25 50 50 50 70 70 70 
Acacia rubida 100 60 33 100 80 16 0 80 33 0 100 33 
Acacia dealbata 100 0 33 100 0 33 75 0 50 50 50 50 
Bursaria lasiophylla 100 80 16 100 100 0 0 100 16 0 100 16 
Bursaria spinosa 0 83 16 0 50 50 0 16 83 0 0 100 
Calytrix tetragona 0 66 66 0 33 33 0 100 0 0 100 0 
Casuarina cunninghamiana 0 100 50 0 100 50 100 100 0 100 100 0 
Cassinia longifolia 0 16 83 0 33 66 0 66 33 0 100 0 
Cal/istemon sieberi 100 0 66 100 0 66 50 25 66 50 75 33 
Dodonaea viscosa 0 20 83 0 80 33 0 100 16 0 100 16 
Eucalyptus pauciflora 0 100 0 0 100 0 0 100 0 0 100 0 
Eucalyptus stellulata 100 100 0 0 100 16 0 100 16 0 100 16 
Eucalyptus viminalis 100 20 50 100 50 33 50 100 16 0 100 33 
Grevillea juniperina 0 50 50 0 33 66 0 100 0 0 100 0 
Kunzea ericoides 100 0 50 100 0 50 100 0 50 66 66 33 
Leptospermum brevipes 100 80 16 100 80 16 100 100 0 100 100 0 
Leptospermum obovatum 100 60 33 100 80 16 0 100 16 0 100 16 
Lomatia myricoides 100 25 50 100 100 0 50 100 16 50 50 16 
Pomaderris angustifolia 50 60 50 0 100 16 0 100 16 0 100 16 
Pomaderris betulina 100 60 33 0 100 16 0 100 16 0 100 16 
Pomaderris eriocephala 0 66 33 0 100 0 0 100 0 0 100 0 
Rubus parvifolia 0 16 83 0 83 16 0 100 0 0 100 0 
Mean 55 51 43 43 67 28 25 80 21 20 88 19 

6.3.4 Classification group definitions - Murrumbidgee River only - plot scale 

Plots were separated by river valley to test whether prediction was better for plots from only 

one river valley or multiple rivers valleys (three). This was another test of predictive 

accuracy at different scales. This section reports on the analysis of plots from the 

Murrumbidgee Valley only. This river was chosen because it had a larger number of plots 

than the Abercrombie or Goodradigbee. 

Four groups were delineated using cluster analysis for the Murrumbidgee River (Table 6.11 ). 

Groups were typified by: 

Group 1: contained only C. cunninghamiana (Table 6.11). All of the plots were adjacent to 

riffles with a relatively high bedrock cover; climatically these plots had the highest rainfall, 

highest evaporation and the lowest maximum temperatures. Essentially the plots in this group 

were found at the lower end of the study reaches, on complex floodplain type geomorphology 

(Table 6.12). Therefore this group can be characterised as: C. cunninghamiana dominated 

complex floodplain plots. 
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Group 2: C. sieberi occurred in all of the plots in this group, also K. ericoides and 

C. cunninghamiana were fairly common (Table 6.11). These plots were all at the lowest 

elevations above the river (usually bank morphological units, indicated by a plot number of 1, 

with M2-3-5 on the bank of a flood-runner channel), with a corresponding high flood duration 

and small period of time not inundated; climatically temperatures were high. Essentially 

these plots have long flood periods and were found on the river bank (Table 6.12). Therefore 

this group can be characterised as: C. sieberi, bank plots. 

Group 3: plots in this group all had K. ericoides, and commonly C. cunninghamiana; rarer 

species often occurred in this group, such as C. tetragona, Grevillea juniperina and 

Bursaria spp. (Table 6.11 ). This group had the highest bedrock cover which was associated 

with gorge and bedrock platform riparian reaches; the plots tended to have a fairly high 

elevation above the river but still maintained a high flood duration, probably because of the 

narrow valleys associated with gorges (Table 6.12). Therefore this group can be characterised 

as: bedrock influenced plots. 

Group 4: plots commonly contained A. dealbata and E. viminalis. The associated 

geomorphology was terraced riparian reach (Table 6.11 ); climatically these plots had low 

rainfall, fairly low temperatures and evaporation; the plots were located at upstream locations 

of the study area in a rain shadow; these plots had the highest elevation above the river 

channel and had minimal flood effects (Table 6.12). Therefore this group can be characterised 

as: plots at high altitude that were flooded less often. 
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Table 6.11. Two-way table of species by plot groups for the Murrumbidgee River only. "-" indicates species not 
present, "*" indicates species present. Underlined species names indicate that they are obligate riparian or wet 
area species. The text below gives a brief description of the group. 

Site 
Site 
Transect 
Transect 
Plot 
Plot 

Group No . 
Species 

Acacia rubida 
Lomatia my ricoides 

Bursaria lasiophylla 
Calytrix tetragona 
Cassinia longifolia 
Grevillea juniperina 
Bursaria spinosa 
Pomaderris angustifolia 

Dodonaea viscosa 
Pomaderris eriocephala 

Acacia dealbata 
Eucal yptus viminalis 
Leptospermum obovatum 

Casuarina cunninghamiana 
Kunzea ericoides 
Callistemon sieberi 

Rubus parvifolius 

111122222 14891121511111 
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Table 6.12. Means and standard deviations for environmental variables selected by MCAO and the stepwise 
DFA for Murrumbidgee River plots only. Variables selected by the stepwise DFA analysis are marked with a"*". 
Variable names that are underlined are only significant to 0.05, all other variables are significant to 0.01 in the 
MCAO analysis. 

Group ⇒ 1 1 2 2 3 3 4 4 
Variable .ij Mean SD Mean SD Mean SD Mean SD 
GEOMORPHOLOGY 
Elevation above channel (m) 1.07 1.40 0.40 0.87 2.31 1.78 3.55 2.56 

Terraced riparian zone 0.00 0.43 0.25 0.67 

* Complex floodplain 0.56 0,07 0.33 0.00 

* Depositional point bar 0.44 0.00 0.00 0.00 
Island unit 0.78 0.21 0.42 0.00 
% Slope between units (ARCSIN SQRT 0.00 0.00 0.00 0.00 0.38 0.49 0.33 0.49 

transformed) 
Inner meander 0.00 0.71 0.38 0.50 

* Outer meander 0.00 0.14 0.00 0.33 
Adjacent riffle 1.00 0.14 0.63 0.00 

* % rock cover (ARCSIN SQRT 0.43 0.38 0.39 0.38 0.55 0.51 0.11 0.19 
transformed) 

* % cla,• contribution at 5cm de[!th 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 
(ARCSIN SQRT transformed) 

% soil organics at 20cm depth 0.01 0.01 0.01 0.02 0.01 0.01 0,03 0.03 
(ARCSIN SQRT transformed) 

CLIMATE (MONTHLY) 
Median rainfall (mm) 56.28 0.26 53.71 5.67 56.06 2.11 46.29 5.19 
Maximum radiation with rainfall 25.16 0.05 25.14 0.08 25.16 0.06 25.13 0.05 

(Mj/m2) 
Median radiation with rainfall 16.91 0.05 16.97 0.13 16.93 0.05 17.13 0.12 

(Mj/m2) 

* Maximum temperature (°C) 26.31 0.11 26.95 0.45 26.78 0.54 26.57 0.45 
Median temperature {0 C) 18.59 0.05 19.07 0.34 18.96 0.43 18.94 0.33 
Median Temp 9.00 am (0 C) 13.45 0.47 13.00 0.82 13.41 0.55 12.18 0.76 

* Maximum evaporation (mm/day) 7.34 0.05 7.19 0.17 7.28 0.06 6.98 0.18 
HYDROLOGY 
% dal:S a (!lot was drr (ARCSIN SQRT 1.32 0.12 1.10 0.18 1.37 0.17 1.39 0.23 

transformed) 

* No. periods plot flooded over record 94.11 45.65 140.57 33.47 67.79 48.52 50.08 57.77 
length 

Flood maximum duration 43.11 28.59 159.29 90.94 41.17 66.88 57.42 96.24 
Range/median between flood periods 44.33 19.32 47.29 15.74 30.50 16.54 18.25 14.54 
River slope 0.0041 0.0003 0.0025 0.0010 0.0037 0.0017 0.0019 0.0006 

Species predictions 

The variables selected by stepwise DF A were complex floodplain geomorphic type, 

depositional floodplain geomorphic type, adjacency to the outer edge of a river meander, % 

bedrock cover, % contribution of clay to soil at 5 cm depth from surface, maximum monthly 

temperature, maximum evaporation and the number of times a plot was flooded (Table 6.12). 

Predictive accuracy was 82.4 %, for 25 % probability of occurrence (Table 6.13 ); this 

accuracy value is 3 % lower than the all rivers plot model (Table 6.6). Sensitivity and 

specificity values are also slightly better for the all rivers model than the Murrumbidgee 
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model. Sensitivity is 3 % lower and specificity 4 % lower in the Murrumbidgee model 

compared to the all rivers model. 

There are anomalies in species predictions for the M8-2-2 and M6-l-1 test plots. 

C. cunninghamiana was predicted as present in M6-1-1 plot (Table 6.14); however, 
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C. cunninghamiana does not naturally occur beyond Ml, which is 19 river km downstream. 

This same mis-prediction occurred for the all rivers model as well (Table 6.6). Another 

incorrect prediction was the prediction of L. obovatum at M8-2-2, which is approximately 25 

river km below this species' most downstream limit at MIO. 

The prediction errors for the Murrumbidgee River model are mostly at the large scale. For 

example, the incorrect predictions of L. obovatum at M8-1-1 and C. cunninghamiana at 

M6-1-1. Smaller scale differences ( e.g. lateral riparian gradient) are fairly well accounted for 

with this model. Groups 2 and 4 take the lateral riparian gradient into account. However, 

larger scale differences are included with Group 4, which occurred at higher altitudes, while 

Group 1 only occurred at lower altitudes where the complex floodplain geomorphic type was 

found and C. cunninghamiana is present. Despite the inclusion of all rivers in one model, the 

predictive accuracy and predictive errors are similar to the Murrumbidgee River model. 

Table 6.13. Table of model accuracy measures for the Murrumbidgee River at the plot scale. This table is based 
on the information contained in Table 6.14. "Prob." refers to probability of prediction level; SN refers to Sensitivity; 
SP refers to Specificity. Overall accuracy is the sum of ((SN+SP+(100-error))/300)x100. 

Prob. Observed % % % error % Overall Predicted Predicted Total 
SN SP accurac~· Present Absent 

10% Present 80 20 5 25 
10% Absent 73 26 75 30 81 111 
25% Present 52 13 12 25 
25% Absent 88 18 74 13 98 111 
50% Present 40 10 15 25 
50% Absent 95 15 73 6 105 111 
70% Present 36 9 16 25 
70% Absent 99 12 74 1 110 111 
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Table 6.14. Probability of species occurrence for the Murrumbidgee River. "*" indicates species that did occur at 
a test site. Bold values indicate species that are predicted to occur at 25 % probability. The plot names are site 
number-transect number-plot number, plots always start at 1, which coincides with the river bank. 

Species Plot 1-1-2 2-1-1 2-3-2 6-1-1 7-1-2 8-2-2 12-1-2 13-2-1 
Group predicted into 1 1 3 2 3 2 3 4 

(see Table 6.11 ) 
Acacia rubida 0 0.D171 0.2891 0.1510 0.3440 0.0819 0.3743* 0.0010 

Acacia dealbata 0 0.0142 0.1981* 0.4341 0.2811 0.4911 0.2500 0.8266* 
Bursaria lasiophylla 0 0.0060 0.0960 0.0327 0.1128 0.0045 0.1245 0 

Bursaria spinosa 0 0.0071 0.1284 0.0435 0.1522 0.0060 0.1663* 0.0817* 

Calytrix tetragona 0 0.0089 0.1601 0.0551 0.1878 0.0078 0.2079* 0 
Casuarina cunninghamiana 1.0000* 0.9767* 0.6420 0.5111 0.5284* 0.5015* 0.5422 0.0100 

Cassinia longifolia 0 0.0080 0.1292 0.0968 0.1644 0.0754 0.1664* 0.4097* 
Callistemon sieberi 0 0.0081 0.0436 0.7452* 0.1176 0.9651 0.0433* 0.1018* 

Dodonaea viscosa 0 0.0021 0.0321 0.0111 0.0411 0.0022 0.0416* 0.1628 

Eucalyptus viminalis 0 0 0.0009 0.0530 0.0180 0.0686 0 0.6554 
Grevillea juniperina 0 0.0070 0.1278 0.0436 0.1524 0.0060 0.1663* 0.0822 
Kunzea ericoides 0 0.0479* 0.7750* 0.7356* 0.9579* 0.6561 0.9989* 0.2579* 
Leptospermum obovatum 0 0.0035 0.0360 0.2212 0.0633 0.2767 0.0422 0.1691* 

Lomatia myricoides 0 0.0040 0.0644 0.0740 0.0805 0.0721 0.0831 0.0011 
Pomaderris angustifolia 0 0.0061 0.0963 0.0333 0.1134 0.0044 0.1245 0 
Pomaderris eriocephala 0 0.0044 0.0640 0.0222 0.0777 0.0033 0.0833 0.1633 

Rubus parvif olius 0 0.0042 0.0635 0.0222 0.0767* 0.0033 0.0833 0.0822 

6.3.5 Predictive modeling - hill slope plots - comparison with riparian plots 

One of the questions that this study was designed to investigate was whether predictability 

was better for plots that were frequently disturbed (flooded) compared to plots that were 

rarely disturbed by flooding. To investigate this question the sampled hill-slope plots that 

tend not to be flooded ( or very rarely flooded) were excluded from the plot scale all river 

analysis and analysed separately. Only the predictive outcomes are reported here and only 

25 % probability level for species occurrence are included to simplify the comparison of the 

prediction outputs. The 25 % probability level was used because prediction was best at this 

level for the riparian model (Table 6.5). The hill slope model had only 34 plots available for 

model construction and five plots for model testing, compared to the riparian model, which 

had 91 plots for model construction and 13 plots for testing. 

The overall error rate for the hill slope model was 21 % (Table 6.15), which is 6 % more than 

the riparian model error rate (Table 6.5). Accuracy of predicting species presences, or 

sensitivity, for the hill slope model was poor compared to the riparian model, being 22 % less 

than the riparian all rivers model (Fig. 6.3; Tables 6.5 and 6.15). Accuracy of predicting 

species absences, or specificity, for the hill slope model compared to the riparian model was 
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about the same, being 3 % better for the hill slope model (Fig. 6.3; Tables 6.5 and 6.15). 

Overall predictive accuracy was only 7 % less than the riparian model. Thus, predictive 

accuracy was only slightly less for the hill slope model compared to the riparian predictions. 

Table 6.15. Model accuracy measures for plots from hill slopes in all river valleys at the plot scale. This table is 
based on the information contained in Table 6.16. "Prob." refers to probability of prediction level; SN refers to 
Sensitivity; SP refers to Specificity. Overall accuracy is the sum of ((SN+SP+(100-error))/300)x100. 

% 
Prob. 
25 
25 

Observed 

Present 
Absent 

%SN %SP %error 

33 
95 21 

% Overall 
accuracy 

69 

Predicted 
Present 
10 
4 

Predicted 
Absent 
20 
81 

Total 

30 
85 

Table 6.16. Probability of species occurrence for test plots in the hill slopes only model. "*" indicates test species 
that did occur at a test site. Bold values indicate species that are predicted to occur at 25 % probability. The plot 
names are site number-transect number-plot number. 

S~ecies AB3-1-3 GD4-1-3 MB2-2-6 MB7-1-4 MBl0-2-3 
Acacia rubida 0.4999 0.1429 0.0990 0.0347 0.0417 
Acacia dealbata 0.0000 0.2857* 0.0090 0.2912 0.2590 
Bursaria spinosa 0.2500 0.4286 0.2938 0.1034* 0.1252 
Calytrix tetragona 0.1250 0.0000 0.0980 0.0345· 0.0417 
Casuarina cunninghamiana 0.1250 0.0000 0.1957 0.0689* 0.0835 
Cassia longifolia 0.6249 0.0000 0.1061 0.2531 0.2360 
Callitris endlicheri 0.1250 0.0000 0.2934 0.1034 0.1252 
Correa reflexa 0.2500 0.0000 0.0006 0.0001 0.0000 
Dodonaea viscosa 0.2500 0.4286 0.2938 0.1034 0.1252 
Eucalyptus camaldulensis 0.0000 0.0000 0.1000 0.1072 0.1065 
Eucalyptus fastigata 0.0000 0.4286* 0.0000 0.0000 0.0000 
Eucalyptus macrohyncha 0.0000 0.2857 0.0000 0.0000 0.0000 
Eucalyptus melliodora 0.2500* 0.1429 0.0029 0.0729 0.0647 
Eucalyptus viminalis 0.0000 0.1429 0.0113 0.3640 0.3237 
Grevillea juniperina 0.2500 0.0000 0.0006 0.0001 0.0000 
Kunzea ericoides 0.2501* 0.1429 0.9845* 0.5629* 0.6115* 
Leptospermum brevipes 0.0000 1.000* 0.0000 0.0000 0.0000* 
Lomatia myricoides 0.0000 0.1429 0.0023 0.0728 0.0647 
Pomaderris angustifolia 0.3749* 0.0000 0.0010 0.0002 0.0000 
Pomaderris eriocephala 0.3749* 0.1429 0.0010 0.0002 0.0000 
Rosa rubinigosa 0.0000 0.1429* 0.1113 0.4712 0.4302 
Rubus parvifolius 0.0000 0.1429 0.0977 0.0344 0.0417 
Westringia eremicola 0.2500 0.0000 0.0006 0.0001 0.0000 
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Figure 6.3. Sensitivity, specificity and error values for each predictive analysis for the 25 % probability of 
occurrence level. On the x axis "AR" refers to all rivers, "plots" refers to plot scale, "transects" refers to transect 
scale, "MB" refers to Murrumbidgee River. 

6.3.6 Intermediate disturbance hypothesis 

The data collected for this study did not support the Intermediate Disturbance Hypothesis 

(IDH; Figs. 6.4 and 6.5). Support for the IDH would resemble a curve of species richness 

against the disturbance variable; the highest point of the curve would correspond to highest 

species richness and intermediate disturbance (Begon et al. 1990). Using median days 

between flooded periods as a disturbance frequency indicator, there was only a very slight 

trend for decreasing riparian species richness with increasing days between floods and an 

increase in non-obligate species richness (Fig. 6.4). For elevation above the river, which 

represents both flood frequency and flood intensity variation, the pattern is the same (Fig. 

6.5). 
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Figure 6.4. Species richness (obligate riparian and non-obligate) over the log median days between flooding. 
The lines provide a linear fit to the data. The linear fit R2 for obligate species is 0.0717 and for non-obligate 
species 0.0167. 
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Figure 6.5. Species richness (obligate riparian and non-obligate) compared to log elevation above river base flow 
gradient. The lines provide a linear fit to the data. The linear fit R2 for obligate species is 0.0964 and for non
obligate species 0.0608. 
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6.4 DISCUSSION 

6.4.1 Is the riparian predictive technique accurate? 

Prediction of riparian vegetation was successful using the technique employed in this chapter. 

Plot predictions at 25 % probability had an accuracy of 85 % (Table 6.5), although accuracy 

was found to be dependent on the chosen probability of occurrence level. Generally, as 

probability of occurrence increased (i.e. 10 through to 70 % ) model sensitivity decreased, 

specificity increased and error decreased (Table 6.5, 6.8 and 6.13). Further explanation of 

accuracy using specificity found the 25 % probability model to have only an 8 % less than 

perfect prediction of species absences (Table 6.5). However, the sensitivity of the model for 

the correct prediction of species presence was less at 55 %, which means nearly half of the 

species presences were incorrectly predicted (Table 6.5). Nevertheless, Pearce et al. (1995) 

state that sensitivity above 50 % is satisfactory because higher levels are difficult to achieve, 

therefore sensitivity of 55 % would still be considered fairly accurate. Consequently, the 

overall predictive accuracy of the model was good, which indicated that riparian vegetation 

distribution could be accurately predicted from abiotic variables. 

Predictive accuracy changed with the probability of occurrence; this pattern of sensitivity and 

specificity changing with the probability level is usual (e.g. Lindenmayer et al. 1991). There 

is a greater chance of correctly predicting absences (specificity) because species are unlikely 

to occur when habitat is unsuitable, hence specificity values tend to be higher than sensitivity 

values. However, the prediction of species presence or sensitivity is more difficult. For 

example, the habitat may be suitable but the species may not occur. The non-occurrence of a 

species may arise for example from local extinction, human effects, or the plant has not 

distributed there yet. Other reasons for incorrect prediction of species presence include: that a 

test site has habitat outside the models' experience, or that a habitat variable crucial for 

prediction was missed when sampling took place. Given these constraints, the models 

constructed for this study performed well if overall accuracy is used as an indicator. 
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6.4.2 What influences model predictions? 

Probability level of occurrence 

Low sensitivity of a model may be a problem if the model is used to suggest species 

appropriate for a rehabilitation site because fewer species would be planted than may have 

naturally occurred. However, given that predictive level can be chosen (e.g. 10, 25, 50, 70 %, 

etc.), sensitivity should be higher with lower probabilities (e.g. 10 or 25 % probability of 

occurrence; Table 6.5). However, this comes at a cost ofreducing specificity. Therefore, in 

the case of rehabilitation, a decision must be made whether to include a greater diversity of 

species and maybe incorrectly predict species absence (e.g. probability of occurrence 10 or 

25 %) or to take a more conservative approach and be surer about species presence (50 or 

70 % probability). Unfortunately the more conservative approach may result in rarer species 

never being predicted. Thus, a decision must be made about what information may be lost if 

only one probability level of occurrence is used. An alternative approach ( explained below) 

would be to tailor the probability of occurrence level to the species frequency of occurrence 

for each species included in the model. 

A set probability of prediction level need not be used to predict the possible species pool. The 

probability of species occurrence used for a revegetation program could be varied for each 

species depending on their frequency of occurrence. To calculate species probability of 

occurrence, the predictive technique used does take species frequency of occurrence into 

account within the DF A prediction groups. Nevertheless, rarer species are often not predicted 

because their probability of occurrence is so low. For the very common species, such as 

C. cunninghamiana, A. dealbata and K ericoides, probabilities of 10 to 70 % were realistic. 

The overall accuracy of finding these species is still good with higher probabilities of 

occurrence (Tables 6. 7 and 6.6), although it does decrease slightly. However, for rarer 

species that are characteristic of the riparian zone, such as C. sieberi and L. obovatum, 

sensitivity decreased substantially with increasing probability of occurrence; for example, 

sensitivity was 0 at 70 % probability. A sensitivity of 25 % was best for L. obovatum and 

50 % for C. sieberi (Table 6. 7). Therefore, as a general guide: for common species occurring 

in greater than 45 % of model building plots, a probability of occurrence of 50 % was suitable 

(e.g. C. cunninghamiana and K ericoides); for species occurring in 20 to 45 % of model 

building plots 50 % probability was suitable; for species occurring in 10 to 20 % of model 

building plots 25 % was suitable; and the remainder 10 % probability of occurrence was 

suitable. However, it is not advocated that rarer species should always be predicted. Rather 
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that model outputs need to reflect where rarer species may occur (e.g. Tables 6.6, 6.9 and 

6.14), which may be important for particular rehabilitation activities that want to focus on 

possible locations for rarer species. 

Species niche 
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Some species were commonly predicted to occur in sites upstream or downstream of their 

distributional limit. In Chapter 2 the mechanisms for the cause of these boundaries was 

raised. For example, species distributional boundaries may be from climatic relationships or 

something else such as substratum type. C. cunninghamiana was always predicted for M6 

(Fig. 6.1) both in the all rivers model and the Murrumbidgee model (Tables 6.6 and 6.14). 

This suggests that the upstream boundary for C. cunninghamiana at Ml is a result oflimited 

time to attain potential distribution and the species is capable of growing further upstream. 

The same could be said for the downstream boundary of L. obovatum in the Murrumbidgee 

River model (Table 6.14). Thus, the model results point to fundamental and realised niche 

differences. Simplistically considered, fundamental niche can be assumed being where a 

plant could grow and realised niche where it does grow. Thus, the prediction of a species up 

or down stream of where it currently grows, based on environmental characteristics, may 

indicate the differences between realised and fundamental niches. At least for 

C. cunninghamiana and L. obovatum their predicted distributions, hence fundamental niches, 

was not unexpectedly larger than their actual distribution, or realised niche. 

The operationalisation of niche theory with QERN or Quantitative Environmental Realised 

Niche and the probability levels suggested by Austin et al. (1990), was found to have limited 

value for the technique used in this study. The use of 10 and 70 % probabilities of occurrence 

may have more value with single species techniques such as logistic regression. The 

technique used in this chapter "devalues" the importance of rarer species because the analysis 

really considers species at the community level of organisation. The 10 % probability 

reduced the specificity of the model to levels that were too low, just as 70 % reduced the 

sensitivity of the model. The only time when such polarised probability values may be of use 

is if species are considered with individual probability values. This concept is more 

appropriate for single species considerations, rather than for this community level technique. 
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Spatial scale 

The predictor variables used to define groups varied at different spatial (and temporal) scales. 

In addition, species pattern in these groups sometimes reflected variation more at one scale 

than others. For example, C. sieberi varied at the geomorphic unit scale, being found only at 

the river edge, compared to C. cunninghamiana that varied more at the river segment scale, 

being found across the width of the riparian zone but having a distinct distribution cut-off 

after site Ml. 

When looking at the species that were predicted to occur in the test sites, some general scale 

related conclusions can be drawn about why some of the predictions were incorrect. Firstly, 

two of the cluster groups were defined essentially as groups either very close to the river 

(Group 3) or higher above the river (Group 4; Tables 6.3 and 6.4). Prediction for these groups 

avoids small scale elevation errors because the elevation position above the river channel is 

specific for these groups. Secondly, other groups were basically defined by larger scale river 

longitudinal variation, for example plots in Group 1 tended to occur in lower altitude study 

reaches compared to Group 6 plots that occurred in the higher altitude reaches (Table 6.3). 

Prediction for these groups avoids large scale errors because longitudinal variation is taken 

into account for prediction. However, predictions into either of these latter groups may result 

in small scale errors because the position across the elevation gradient was not specific for 

Group 1 or 6 definition. For example, test plot A5-1-1 was predicted to occur in Group 6 

(Table 6.5). The lack of plot specific elevation definition for Group 6 resulted in the mis

prediction of two elevation dependent species that occurred in this test plot. Test plot A5-1-1 

was predicted to contain E. viminalis and E. stellulata, these species occur at higher elevations 

above the river channel (Table 6.3), but the test plot A5-1-1 occurred at the river edge where 

these species did not occur. Since the model predicted test plot A5-1-1 into Group 6, a large 

scale variation group based on variables related to high altitude and excluding elevation above 

river, the model incorrectly predicted E. viminalis and E. stellulata (Table 6.6). 

Conversely, when a test plot is predicted to occur in either one of the groups operating at a 

smaller scale (Group 3 or 4) there sometimes were larger scale inconsistencies. For example, 

C. cunninghamiana does not occur on the Murrumbidgee River beyond site MBl, but it was 

predicted to occur on the Murrumbidgee River in test plot MB6-1-1 (Group 3). Group 3, in 

which C. cunninghamiana is common, was largely defined by a low elevation above the river 

channel, but did not have a specific river longitudinal location in its definition. Test plot 

MB6-1-1 has a low elevation above the river, causing it to be placed in Group 3. However, 



Chapter 6 201 

test plot MB6-1-1 is 19 km upstream of the C. cunninghamiana distribution limit. This is 

a larger scale (river segment scale) prediction problem. Therefore, depending on whether a 

cluster group is principally defined by large or small scale variables determines how well a 

species is predicted. Further, the scale of the variables that define a species' distribution will 

impact on species prediction. This finding clearly highlights the importance of including 

predictor variables from all scales. 

To determine whether predictive capabilities changed at a larger scale, a transect scale model 

was constructed. For the transect model error was higher, specificity lower and sensitivity 

higher than the equivalent plot scale model (Fig. 6.3). It was not surprising that sensitivity 

levels were higher, given that a transect included species found in all of the plots placed 

across a transect. Thus, with the transect model there was a greater chance of fmding any 

given species because of greater sampling area; this resulted in a higher sensitivity. However, 

transect scale predictions did not take lateral riparian differences into account, which have 

been found in previous chapters to be important ( e.g. through inundation, velocity, soil type). 

In addition, the transect scale model did not predict as well as the plot scale model for some 

species that vary more at smaller scales (Table 6.5 compared to Table 6.8). For example, 

C. sieberi, C. tetragona and L. obovatum are better predicted in the plot scale model because 

they are determined by geomorphic unit scale variation such as elevation or bedrock (Table 

6. 7 compared to Table 6.10). The scale that is chosen for prediction would largely depend on 

the use of the model. Prediction of species location for rehabilitation would require smaller 

scale lateral riparian information. On the other hand, for the estimation of riparian condition 

or species richness lower spatial resolution at the transect scale may be sufficient, which 

comes at a cost of lower overall accuracy. 

The spatial scale issue of single versus multiple rivers in a model is important and has the 

potential to reduce time and costs during the model building phase. Goodwin et al. ( 1997) 

point out that it is not possible to use a universal approach to restoring riparian areas. This is 

indicated by the partial separation of rivers in the plot scale classification (Table 6.3). 

Therefore, it would be valid to separate rivers for prediction, although this could not be 

achieved for this study because of low numbers of sites in the Abercrombie and Goodradigbee 

Rivers. Nevertheless, when the all rivers plot model was compared to the Murrumbidgee

only model predictive accuracy was approximately the same; additional river valley plots did 

not confuse predictive outcomes (Fig. 6.3; Tables 6.5 and 6.13). Therefore, the evidence 

suggests that rivers of similar character and proximity can be combined for prediction. 
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However, if this technique was to be implemented, further research on how the number of 

plots used for model construction affects accuracy and differences between rivers needs to be 

investigated. The benthic macroinvertebrate literature has considered some of these issues 

including, number of reference sites needed (e.g. Reynoldson and Wright 2000), issues to do 

with rare species (e.g. Cao et al. 1998; Cao and Larsen 2001), and differences between 

climatic regions (e.g. Humphrey et al. 2000). Nevertheless, these questions need to be re

examined in a vegetation context because plant species are less mobile and also have some 

degree of control over the environmental conditions at a site. 

6.4.3 Importance of abiotic variables to riparian vegetation prediction 

Use of indirect process variables and stepwise DF A analysis 

Austin et al. (1990) made the suggestion that statistical models may not be ecologically 

sensible because predictor variables do not need to impact on the organism under 

investigation to predict successfully, but they do need to be correlated with the organism's 

distribution. The models developed in this chapter were not to test hypotheses regarding 

process variables, rather to see whether it is possible to predict vegetation pattern from 

physical variables and perhaps gain insight into variable correlation with vegetation pattern. 

However, based on known relationships between physical variables and riparian vegetation 

(e.g. inundation: Jones et al. 1989; Siebel et al. 1998; Anderson and Pezehki 1999; soil water 

retention capacity: McBride and Strahan 1984; Smith et al. 1995; Wallace et al. 1996; Cooper 

et al. 1999) and a good understanding of the effects of riparian physical variables that were 

considered in previous chapters (Chapters 3, 4 and 5), all of the variables selected for the 

analysis had direct (usually smaller scale) or indirect (usually larger scale) process-related 

effects on riparian plants. The variables selected by the stepwise DF A did tend to be indirect 

effect variables (Austin et al. 1990), for example elevation above the river channel and 

geomorphic type. The relationships between plants and indirect effect variables can be 

identified based on association with other variables that may be more direct. For example, the 

predictor variable plant elevation (indirect effect variable) varies in a similar fashion to flood 

duration (direct effect variable; Table 6.4). In addition, currently the understanding of upland 

south-east Australian riparian vegetation is not accurate enough to use only direct effect 

variables. Direct variables can also be hard to measure for community level data, for example 

leaf temperature (Austin et al. 1990). Nevertheless, whether these variables are direct or 

indirect they do represent associations between vegetation pattern and the physical 
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environment, which have been demonstrated to have causal links in this thesis (Chapters 4 

and 5) and in previous studies ( e.g. Jones et al. 1989; McBride and Strahan 1984; Smith et al. 

1995; Wallace et al. 1996; Siebel and Blom 1998; Anderson and Pezehki 1999; Cooper et al. 

1999). Furthermore, indirect variables have been used successfully in previous predictive 

studies (e.g. Wright 1995; Manel et al. 1999; Lechmere-Oeterel and Cowling 1999; Simpson 

and Norris 2000). Ecological validity was incorporated into the predictions by ensuring that 

the variables used for modeling were based on prior knowledge of variation that is important 

to riparian species distribution and performance. 

The influence of indirect variables on riparian plants can be elucidated from previous studies 

and association with species distribution. The selection of elevation for prediction suggests 

an association between vegetation and a variety of hydrological disturbance variables (Table 

6.4; Franz and Bazzaz 1977; Bren and Gibbs 1986; Battaglia et al. 1995) and also substratum 

type (Hupp and Osterkamp 1985; Coetzee and Rogers 1991; Nakamura et al. 1997). The soil 

and flooding effects on plants that are related to elevation, have already been shown to have 

influence on plant performance (Chapters 4 and 5). The climatic variables selected as 

predictors, including temperature and evaporation (Table 6.4), point to water availability, and 

in addition to temperature would affect germination, growth rate and potential survival 

through drought and frosts. These climatic variables may also be indicators for plot location 

within geographic region. The remainder of the predictor variables (including elevation) are 

geomorphically based (Table 6.4). Some of these geomorphic variables are indicators of 

disturbance intensity, for example, adjacent-riffles point to a velocity effect (see Chapter 5); 

percent bedrock cover is another velocity indicator (Chapter 5) but was also associated with 

plots that had a high species richness, perhaps precluding the growth of large trees. The 

predictor variable riparian width also indicates hydrological variation (Bendix 1994 ). The 

remainder of the geomorphic variables (bedrock platform, depositional point bar and gorge) 

are all riparian reach types; the importance of these variables and their related process effects 

were discussed in Chapter 3. Thus, the stepwise selected variables clearly relate to actual 

processes acting on plants. 

Geomorphic variables 

At the geomorphic unit (plot) scale for the all rivers model seven out of nine stepwise selected 

variables are related to geomorphic variation. The climatic variables indicate large scale 

variation ( e.g. rainfall), compared to geomorphic variables, which vary at the medium scale 
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riparian reach ( e.g. gorge valley type) and the smaller scale geomorphic unit ( e.g. 

elevation above the river channel). The Murrumbidgee River model had some different 

predictor variables, including the hydrological variable: number of days the plot was flooded 

(Table 6.12), but similar to the all rivers analysis, climatic and geomorphic variables were 

again important. Most of the variables selected for the all rivers and the Murrumbidgee River 

models were geomorphically based. The importance of geomorphic variables for the 

prediction of species distribution fits the hypothesis suggested in Chapter 3, that 

geomorphology is a template on which vegetation is patterned, because it is geomorphic 

variables that are defining species pattern for prediction. 

Links to species richness and disturbance: the Intermediate Disturbance Hypothesis 

The importance of geomorphic variables suggests a link between disturbance and vegetation 

distribution in the riparian zone. A theory commonly referred to with regard to disturbance is 

the IDH. Results reported in Chapter 5 did not support this theory and neither did this chapter 

(Figs. 6.4 and 6.5). Hydrological conditions were identified as disturbance indicators for 

riparian zone species and they are generally considered to be the main disturbance factors for 

riparian vegetation (e.g. White and Pickett 1985; Gregory et al. 1991; Duncan 1993; Baker 

and Walford 1995). However, if the IDH is to be believed a valid theory then what are the 

possible reasons for finding no supporting pattern? Firstly, land use may affect the outcome 

because sites on grazing land may not have as many species as reserved and fenced off areas. 

However, land use was never associated with vegetation distribution (e.g. Tables 6.4 and 

6.12) and sites were chosen with minimal land use impact. Another possibility would be that 

hydrologic conditions might not be enough of a negative disturbance (stressor) for riparian 

species to produce the IDH effect. In fact, this latter suggestion has been pointed to in 

previous chapters where flooding appears to be somewhat of a subsidy rather than a stress. In 

conclusion, the IDH was not supported in this thesis similar to the findings of Nilsson (1987) 

and Jonsson (1997). 

6.4.4 Predictive accuracy: is there a link with vegetation abiotic control and flood 

disturbance? 

Riparian species are necessarily adapted to flooding so that they can survive in the riparian 

environment. Riparian disturbance conditions may also provide a competitive advantage to 

tolerant species over less flood-tolerant species, which suggests close links between riparian 
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plants and the abiotic environment ( e.g. the growth differences between obligate and non

obligate species in Chapters 4 and 5). The fairly high accuracy of predictions in this chapter 

supports Chapter 3 in that riparian species are closely linked to their physical environment. 

However, the predictive accuracy is not so perfect to suggest that there is an absence of biotic 

interactions in the riparian zone because of disturbance that results in an abiotically controlled 

community (see Grime 1973; Connell 1978). It would appear then that obligate riparian 

species are not completely abiotically controlled. The suggestion of incomplete abiotic 

control is also pointed to by the results from the prediction of species from hill slope plots 

where flood disturbance is absent compared to the riparian-only models. Prediction of hill 

slope species was not as accurate as the riparian-only model. This slight difference in 

accuracy would be, at least partly, because more plots were used to build the riparian models 

than the hill slope model. However, there was not a great deal of difference in predictive 

outcomes comparing the riparian and hill slope models (Fig. 6.3; Tables 6.15 and 6.16). This 

minor difference suggests that frequent flood disturbance does not necessarily result in abiotic 

control or high predictive accuracy. 

The original supposition that the riparian plant community is abiotically controlled because of 

frequent flood disturbance was partially rejected. Nevertheless, predictive accuracy was 

good, indicating that abiotic variation is important in structuring the riparian community, 

which was to be expected based on results of Chapters 3 to 5. The occasional very large flood 

may also strengthen this relationship because it may have catastrophic outcomes, even for 

obligate riparian species. In addition, flooding may have greater effects on certain cohorts 

within the community structure, such as the seed or seedling stages. Therefore, flood 

disturbance can be important. Flood related variables, such as elevation, were important in 

the models and contributed to better species predictions ( e.g. plot scale compared to transect 

scale). The inclusion of a flood variable may be a subsidy indicator to obligate species and a 

stress indicator to non-obligate species (see Odum et al. 1979). The differences between 

obligate and non-obligate species further indicates the difficulty in generalising for a 

community being abiotically controlled or not because responses to perceived disturbance 

vectors really should be considered at the species level. 

6.4.5 Practical applications of the Riparian Predictive Technique 

The riparian predictive technique reported in this chapter could justifiably be used to guide 

riparian zone rehabilitation efforts. Prediction is reasonably accurate and provides valuable 
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information about the possible species complement of a site and species planting 

requirements. The technique is also flexible in that, dependent on rehabilitation objectives, 

rare species, whole communities or species richness can be targeted. 

Some recommendations about methods for the riparian predictive technique for future studies 

can be made based on the outcomes of this chapter. To make the methods presented in this 

chapter more 'rehabilitation friendly' the variables used for prediction could be reduced to 

variables that are simple to measure and encompass a range of environmental correlates; this 

would make field measurements more rapid. Such variables would include elevation above 

river at bankfull, percent substratum type (bedrock, cobble/pebble, sandy, loamy), 

geomorphic type at the geomorphic unit and riparian reach scale, and climatic variables or 

altitude if climate information is not available. However, the findings in this chapter suggest 

that spatial stratification is important. Measurement of model building vegetation sites should 

include variation at several scales, for example, geomorphic unit (plots), riparian reach type 

(transect) and a range of riparian valley types within different altitudinal zones. Model 

building data must come from sites with as close to natural vegetation as possible, which is 

referred to as 'reference' condition (e.g. Reynoldson et al. 1997). Therefore, with some 

changes to data collection, the model building data could be obtained quickly, which would 

be important for management uses of this technique. 

An important consideration for the use of this technique for restoration is the choice of model 

probability level. The selected probabilities of species occurrence impacts on predictive 

accuracy and therefore the applicability of model outcomes. Probabilities of less than 25 % 

predicted too many species because species were sometimes unnecessarily predicted (Tables 

6.5 and 6.6). In effect, the model became too sensitive. For probabilities greater than 50 % 

the model was not sensitive enough because too few species were predicted (Tables 6.5 and 

6.6). In practice higher probabilities could be used to predict habitat for rehabilitation 

programs of rare or endangered species because there is a greater chance that the selected 

habitat will be 'ideal' (Pearce et al. 1994). Probabilities of 25 to 50 % are most appropriate if 

the model is to be 'balanced', that is, sensitivity and specificity are good and the model 

predicts a range of species rather than just the common species. Therefore, the application of 

the modeling procedure would be an important consideration in choosing the probability level 

to be used. 



Chapter 6 207 

Another application of this technique is to judge condition of the riparian zone. Assessing 

predicted species richness against what actually occurs at the site in question is a possible 

measure of condition. The use of such statistics for site condition assessment has already 

been used for AUSRIV AS river assessment (e.g. Simpson and Norris 2000). An AUSRIV AS 

river site is assessed by comparing the expected benthic macroinvertebrate taxa against those 

that actually occurred at a site. An aim of this chapter was to test whether prediction was 

accurate using riparian plant species, which has been achieved. The next step would be to 

collect additional data from human impacted sites to consider the pattern of observed against 

expected species and determine how effective this method is at assessing riparian zone 

condition. 

6.4.6 Summary and conclusions 

The predictive technique employed in this chapter was successful in predicting riparian 

vegetation from abiotic variation. Overall prediction accuracy and the prediction of species 

presence was high. However, accuracy varied according to the chosen probability level. 

Consequently, the utilised probability level must be based on prediction objectives; for 

example, are rarer species to be targeted or common species. The alternative approach 

suggested was to tailor probabilities to species frequency of occurrence, although this idea 

does require further testing. 

Spatial scale was found to have an important influence on predictive accuracy, suggesting the 

importance of including predictor variables from a number of scales. Comparison between 

predictions at the geomorphic unit and riparian reach scales found the geomorphic unit scale 

model to be of more use to rehabilitation because it refers to a plant's growth location, while a 

larger scale model may be more appropriate for richness or riparian condition estimates. The 

addition of larger scale differences in the form of extra river valleys did not cause prediction 

problems, although the river valleys selected were close together and had similar floristic 

composition. Overall, the choice of spatial scale for prediction will depend on use of the 

predictions and is therefore an important consideration for a predictive exercise. 

A biotic geomorphic variables were found to be very important for the prediction of riparian 

species, which further confirmed the suggestion in Chapter 3 that geomorphology is a 

template that defines riparian species pattern. The importance of such abiotic variables would 

suggest that riparian vegetation may be abiotically controlled because of frequent flood 
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disturbance. However, this supposition was only partially supported because prediction 

was not perfect; also when prediction of riparian plots was compared to prediction of hill 

slope plots that were not flooded, accuracy was very similar. These accuracies suggest that 

the extra disturbance riparian plots receive from flooding does not critically increase abiotic 

control on species distribution. Nevertheless, prediction was good enough to suggest that the 

a biotic riparian environment, which includes fluvial disturbance ( e.g. flooding, sediment 

removal), primarily structures riparian species distribution. 

The predictive technique used in this chapter could be put to good use for rehabilitation 

applications. Prediction is accurate and provides enough information about species habitat 

niche to generate a geomorphic unit scale species list. It is also suggested that this technique 

could be used for the estimation of riparian condition and for species richness predictions. 

However, further investigation is warranted to resolve issues such as: how many sites or plots 

are needed; can the technique be applied to different river types ( e.g. lowland); do 

probabilities that reflect species frequency affect accuracy; does estimation of riparian 

condition from prediction work; and is a simplified variable list appropriate? 

The following Chapter 7 provides summation and discussion of riparian species prediction in 

conjunction with the findings of previous chapters, to report against the objective of this thesis 

and the issue of riparian abiotic control to arrive at a final conclusion for this thesis. 
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CHAPTER 7. SYNOPSIS AND OVERALL CONCLUSIONS 

7.1 OBJECTIVE 

The objective of this thesis was to determine riparian vegetation association with, and 

response to, variation influvial geomorphology over several scales and consequently to 

fluvial disturbance. This objective has been achieved. Spatial scale of observation was found 

to influence the results and their interpretation (Chapter 2). It was also demonstrated that a 

strong relationship exists between riparian species pattern and the physical-geomorphological 

template (Chapter 3). The importance and effect of flood inundation on species establishment 

and pattern was highlighted in Chapter 4. In addition, flow velocity was determined in 

Chapter 5 to have an important impact on plant growth and ultimately species patterning 

within the riparian zone. Finally the physical variables of the previous chapters were 

considered together in Chapter 6 to further establish that physical variation was important to 

vegetation by successfully predicting species pattern from physical variables. 

Components of fluvial disturbance were discussed in each chapter, pointing out that such 

disturbances influence vegetation pattern. This final discussion draws all of the evidence 

together that was presented in previous chapters to address the main objective by discussing 

chapter findings in conjunction and to address the supposition that: plant interactions with the 

abiotic environment, but not biotic interactions between species, control riparian species 

distribution because of frequent fluvial disturbances. 

7.1.1 The importance of spatial scale 

The influence of spatial scale on the interpretation of vegetation structure 

The spatial scale of observation inevitably affects the interpretations that can be made by a 

study, as was demonstrated by the Chapter 2 study and in previous riparian studies ( e.g. 

Johnson and Covich 1997; Baker 1989; Van Coller et al. 2000). The Chapter 2 study added 

to the outcomes of previous riparian research by finding that species groupings (Table 2.12) 

and the relative importance of different species (Table 2.13) altered with scale of analysis. 

The primary reason for results differing between scales was because the spatial scales 

observed reflected two different physical gradients. The two gradients were the lateral 

riparian gradient and the river longitudinal gradient, which are two of the four lotic 
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dimensions identified by Ward (1989). The other two gradients that Ward (1989) 

identified, temporal and vertical, were not investigated directly in this thesis. Each of these 

gradients has previously been identified as important in a riparian context ( e.g. Baker 1989; 

Gregory et al. 1991; Nilsson et al. 1994; Bendix and Hupp 2000; Van Coller et al. 2000; 

Battaglia et al. 2002). The representation of important gradients when designing a sampling 

strategy would appear critical to the identification of species-environment relationships 

(Austin and Heylingers 1989). 

The two larger scales of analysis considered in the Chapter 2 investigation were only capable 

of representing the river longitudinal gradient, while the small geomorphic unit scale 

represented both the longitudinal and the lateral riparian gradients. Therefore, there were two 

main outcomes: firstly, that the unit scale is efficacious in describing multiple riparian 

dimensions; and secondly, that the geomorphic unit scale represents riparian species patterns 

well. The limitation of this suggestion recommending that riparian vegetation is best sampled 

on a geomorphic template, is that scales based on other concepts or randomly chosen scales 

were not trialed for this thesis. Importantly though, the choice of observation scale should 

depend on the objectives of the study, but smaller scales can provide both small-scale process

information as well as larger-scale distribution-information. It is recommended that in most 

situations the geomorphic unit scale, stratified by riparian reaches, be utilised for the 

observation of riparian species distribution. 

Another aspect connected to scale and geomorphology was the changing relative importance 

of different species at different scales (Table 2.13). Poff (1997) suggested the concept of 

habitat filters that act at different scales of variation. Different species were clearly limited by 

variation at different scales. For example, both C. sieberi and E. viminalis had a lateral 

riparian limitation, suggesting the influence of smaller scale fluvial geomorphic filters ( e.g. 

flooding, substratum), and a longitudinal constraint suggesting a climatic filter (Chapters 2 

and 3). Therefore, use of this concept would also assist in determining attributes important to 

species distribution for a predictive modeling exercise. The habitat filter concept has clear 

applicability in a riparian context, and further development of this concept would be 

worthwhile. 

Associations between vegetation distribution and geomorphic scales were clear and 

ecologically sensible. The importance of geomorphically derived scales has also been pointed 

to in previous studies (e.g. Baker 1989 in North America; Van Coller et al. 2000 in South 
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Africa). Therefore, the influence of geomorphic scales of variation on vegetation 

distribution is strong and would appear to be a worldwide pattern, despite the differences 

noted between northern hemisphere and Australian riverine systems pointed out in Chapter 1 

(Chapter 1 section 1.3.2). 

Scale, disturbance and prediction of vegetation distribution 

The spatial scale that best describes vegetation variation can be correlated with disturbances 

that influence vegetation distribution ( e.g. elevation or geomorphic unit correlation with 

flooding, Franz and Bazzaz 1977; Baker and Walford 1995; Battaglia et al. 1995). For most 

of the species encountered during the Chapter 2 field survey, the geomorphic unit scale best 

described their distribution. This scale pointed to flooding having an important influence on 

species distribution. Flooding was found in the Chapter 4 and 5 investigations to be an 

important riparian disturbance because it had a direct influence on plant performance and 

hence establishment potential. Casuarina cunninghamiana is perhaps slightly different from 

other common species in that it was the common species in classification analysis groups at 

the unit, reach and segment scales. This fmding indicated the dominance of this species both 

across (lateral gradient) and down (longitudinal gradient) the riparian zone. Thus, 

C. cunninghamiana should be tolerant of a range of flooding disturbances, which was shown 

to be correct in Chapters 4 and 5 (e.g. Figs. 4.8, 4.9, 4.10 and 5.13). Generally though, the 

geomorphic unit scale best captured species variation in the riparian zone suggesting that 

disturbances, including flooding, which act at the geomorphic unit scale, are most important 

in structuring riparian vegetation. 

The spatial scale that best reflects disturbances important to the structuring of species 

distribution should be the most appropriate scale for the prediction of riparian vegetation 

distribution. The spatial scale of data used to construct the Chapter 6 statistical models was 

found to affect predictive accuracy. Predictions at a scale larger than the geomorphic unit 

(plot) were slightly more accurate when predicting species presence (sensitivity), although 

prediction of absence (specificity) was lower and overall error higher (Fig. 6.3). At larger 

scales a larger sample area is included, which increases the likelihood of fmding any given 

species causing increased sensitivity. However, at a larger prediction scale there were 

inaccuracies associated with particular species that vary at smaller scales; these inaccuracies 

included predictions of Callistemon sieberi and Leptospermum obovatum, which only 

occurred on the river edge, and Calytrix tetragona, which only occurred on bedrock outcrops. 
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Despite slightly higher sensitivity at a larger scale, predictions may lose meaning because 

process information can no longer be included, for example flooding characteristics. 

However, whatever spatial scale is chosen for prediction will depend on study objectives. For 

example, if you want to predict species for restoration, do you want a list of species that could 

occur anywhere across the riparian zone (use transect or riparian reach scale) or do you want 

to know where across the riparian zone that species could occur (use plot or geomorphic unit 

scale)? Therefore, consideration of spatial scale is critical to the outcomes of a predictive 

exercise. It is recommended that the geomorphic unit scale of variation provides the most 

information and more reasonable predictions than scales that include the width of the riparian 

zone. 

7 .1.2 Response of riparian vegetation to fluvial geomorphology 

Geomorphology is a template that structures vegetation pattern 

Chapter 3 findings clearly pointed to the close relationship between geomorphic attributes and 

species pattern. Chapter 3 and previous studies (e.g. Hupp and Osterkamp 1985; Van Coller 

et al. 2000) found the geomorphic unit scale to summarise process variables such as 

substratum type and flood components. This geomorphic summary of process variables can 

indicate species tolerances based on their distribution over geomorphic units. This idea was 

further supported in Chapter 3 by consistent species complements for the same unit types, 

depending on location within the catchment. Outcomes of Chapters 4 and 5 supported the 

species tolerances suggested by geomorphic positioning by finding clear relationships 

between plant performance and hydrological process variables, which a geomorphic unit 

represents (Table 3.6). For example, C. sieberi was most often found on a bank geomorphic 

unit with predominantly bedrock substratum (Tables 3.5 and 3.6), which is a position that was 

associated with more intense inundation and velocity conditions (Table 3.5 and Fig. 5.5). 

C. sieberi was highly tolerant of, and performed better after more intense inundation and 

velocity treatment (Chapters 4 and 5), which were conditions that occurred on bank units with 

a bedrock substratum (Table 3.5 and Fig. 5.5). Thus, process variables, which are 

summarised at the geomorphic unit scale, were found to reflect species tolerances to 

disturbance attributes (e.g. inundation and velocity) and ultimately species pattern in the 

riparian zone. 
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The riparian reach scale is the summation of the range of geomorphic units across the 

riparian zone. Classification analyses of species in geomorphic units ( smaller scale) were 

found to cluster around riparian reach types (larger scale; Chapter 3). This fmding supports 

the idea that geomorphology is hierarchically structured (Schumm 1988) and also the species 

distributions, at least for two riparian scales, because the analysis was conducted at the unit 

scale and grouping, reflected the reach scale (Tables 3.7 and 3.10). The habitat filter concept 

of Poff (1997) was also exemplified by the finding that the riparian zone is hierarchically 

structured because it indicates that variation at larger scales (riparian reach and river valley) 

influences species distribution at smaller scales (geomorphic unit). To put this in a habitat 

filter context, environmental attributes, or filters, are constraining species distribution. A 

reach scale filter may be a dominant substratum type, for example presence of bedrock in a 

gorge. In turn, species distribution (for most species) was also constrained by unit scale 

attributes such as flood conditions. Therefore, testing of this relationship would be 

worthwhile in a riparian situation. 

As a result of the close relationship between species and geomorphology reported in Chapter 

3, it was proposed that geomorphology formed a template for species pattern. This 

relationship was further investigated in Chapter 6, which questioned whether geomorphic 

variables were good predictors of species distribution. Geomorphic variables proved to be 

important predictors of species distribution in that seven out of nine predictor variables had a 

geomorphic basis (Table 6.4) and resulted in a high level of predictive accuracy (Table 6.5). 

Despite the close relationship found between plant growth, survival and flooding discussed in 

Chapters 4 and 5, hydrologic variables tended not to be selected for the prediction of species 

distribution in the Chapter 6 models. This general omission of hydrology variables can be 

explained by the use of geomorphic variables, which summarise both hydrology and other 

physical factors such as substratum type. Also, the predictor variables utilised considered 

multiple geomorphic spatial scales, particularly geomorphic unit variation, reach type and 

river valley. Geomorphology has traditionally been viewed as an important influence on 

riparian vegetation. The concept of geomorphology as a species distribution template takes 

the importance of geomorphology a step further (Chapter 3) and should further clarify species 

relationships with the geomorphic environment. This concept provides a basis for riparian 

restoration efforts (e.g. Appendix 4) and the management of the riparian corridor. 

An issue that was highlighted in the introduction concerned the applicability of lowland 

hypotheses to upland riparian zones (section 1.3.1). For the most part lowland hypotheses 
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were found to apply to upland areas, for example inundation tolerance is important for 

species distribution in both upland (Chapter 4) and lowland regions (e.g. Siebel 1998). 

Nevertheless, differences did occur simply because the upland region is physically different to 

lowland riparian zones. For example, bedrock was found to be important to the patterning of 

riparian species (e.g. Figs. 3.12 to 3.15), and exposed bedrock is not a dominant feature in 

lowland areas. For the most part lowland generated hypotheses can be applied to upland 

riparian zones, but with caution. It is not adequate to assume that species in the two regions 

will behave the same way, primarily because of abiotic differences. This was supported by 

the abiotic conditions of the upland riparian zones tested in this thesis playing a critical role in 

the patterning ofriparian species (Chapters 3, 4, 5 and 6). 

Importance of flooding to plant performance and distribution 

Flooding was found to clearly affect plant growth, which was shown for both inundation 

alone (Chapter 4) and inundating water that had velocity (Chapter 5). Inundation has been 

found in previous studies to impact on plant performance (e.g. Jones et al. 1989; 

Siebel et al. 1998; Anderson and Pezehki 1999). The influence of flow velocity has not been 

directly investigated for riparian vegetation, but it has been found to be important to 

macrophytes and periphyton (e.g. Whitford and Schumacher 1961; Horner and Welch 1981; 

Madsen and Sondergaard 1983). Different riparian species had similar responses to both 

inundation and flow velocity. Importantly, plant responses to these flood attributes (Figs. 4.8, 

4.9 and 5.13) mirrored the field location of species (Fig. 4.3). The three obligate riparian 

species included in the experiments, C. sieberi, L. obovatum and C. cunninghamiana, all 

demonstrated a high level of tolerance to inundation with and without velocity and were also 

found close to the river where flood intensities would be high. Obligate species performance 

increased with increasing depth of inundation and flow velocity (Figs. 4.8, 4.9 and 5.13). The 

two non-obligate species, Acacia dealbata and Kunzea ericoides, were disadvantaged in 

flooded situations and were found further from the river edge than the obligate species where 

flood intensities would be low. A. dealbata had a very low tolerance to any form of 

inundation, although this response was marginally improved with low velocity, which 

possibly reduced the anoxia effect. K. ericoides was tolerant of flooding, but with the more 

intense levels of inundation and velocity this species' performance decreased. Thus, a clear 

differentiation between the performance of obligate and non-obligate species was found for 

two conditions of a flood. 
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Flood variables, such as inundation and flow velocity, can be linked to elevation above the 

river (e.g. Franz and Bazzaz 1977; Baker and Walford 1995; Battaglia et al. 1995). The pilot 

study (Chapter 2) indicated that there was a correlation between elevation above the river and 

species distribution for adults (Table 2.3; Fig. 2.4). This elevation pattern was also reflected 

by the distribution of seedlings (Fig. 4.3). Previous studies have linked inundation tolerance 

to species distribution ( e.g. Hosner 1958; Siebel et al. 1998; Jones et al. 1989), but velocity 

has not formerly been directly considered. It is pertinent that the pattern of adult distribution 

(Chapter 2) over the elevation gradient reflects both the seedling field pattern (Chapter 4) and 

experimentally determined seedling tolerances (Chapters 4 and 5). These matching patterns 

suggest that adult patterns observed in the field are at least related to the inundation and 

velocity tolerances of establishing plants. In addition, other factors, such as soil type ( e.g. 

Chapter 3), may also play a role in the establishment pattern. It can be concluded that 

flooding plays an important role in the distribution of upland riparian species through 

differential species tolerances to inundation ( depth and duration) and flow velocity. 

Flood disturbance and the subsidy stress gradient 

Flooding responses appear to support the subsidy stress gradient of Odum et al. (1979). For 

obligate species, as disturbance intensity increased (flooding depth, duration and velocity, 

Chapters 4 and 5), so did plant performance. If this response is considered in terms of the 

Odum et al. (1979) subsidy stress gradient, then the obligate species are in the subsidy stage 

of disturbance response. No evidence was found for obligate riparian species to have a 

"stress" response to flood disturbance or where their tolerance thresholds to flooding might 

be. K. ericoides on the other hand, did exhibit a decrease in performance after velocity 

reached a certain intensity. This performance response from K. ericoides was observed for 

the sequential inundation experiment (Figs. 4.8 and 4.9) and to a lesser degree for the velocity 

experiment (Fig. 5 .13). On the other hand, A. dealbata found any inundation to be a stress, 

although low levels of velocity did help to reduce the negative effects of inundation 

(Fig. 5.13). Therefore, only K. ericoides provided some support for the entire response range 

of the subsidy stress gradient. However, flooding experiments that utilised greater 

disturbance intensities may induce a stress response from the obligate riparian species, which 

remains to be tested. 
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7.1.3 Prediction and abiotic control 

Abiotic variation has previously been demonstrated to be important to vegetation patterning 

(e.g. flooding, Franz and Bazzaz 1977; Baker and Walford 1995; Battaglia et al. 1995; 

substratum, McBride and Strahan 1984; Hupp and Osterkamp 1985; Coetzee and Rogers 

1991; Nakamura et al. 1997). The importance of abiotic variation in this thesis was evidenced 

by plant response to flooding (Chapters 4 and 5) which reflected species patterning in the field 

(Chapters 2, 3 and 4). In addition, vegetation has been found to closely reflect a geomorphic 

template of the riparian zone (Chapter 3), which is an abiotic template. Based on the findings 

of Chapters 3, 4 and 5, prediction of riparian species distribution from a biotic variables is 

justifiable and was found to be successful (Table 6.5); but not perfect. Nevertheless, the 

predictive results obtained do indicate a strong relationship between riparian species and the 

abiotic environment. 

Presence of biotic interactions and controls 

Despite the strong relationships that were found between vegetation and the abiotic 

environment, biotic factors, such as plant distribution constraints or competition, still appear 

to be important. For example, in the predictive exercise presented in Chapter 6, 

C. cunninghamiana was frequently predicted to occur above its current altitudinal limit, this 

predictive error was a factor of species distribution that was not accounted for by the 

predictive model. In addition, there is some evidence to suggest that competition may occur 

between obligate riparian species that are tolerant of flooding. 

Obligate riparian species, which had positive responses to flooding, are found close to the 

river edge which suggests the possibility of competition between these species. For these 

species, the shrubs C. sieberi and L. obovatum, and the tree C. cunninghamiana are all found 

close to the river (Fig. 4.3). In terms of co-occurrence, L. obovatum and C. sieberi occur 

together in the higher altitude reaches of the study area, whilst in the middle reaches and 

below, C. cunninghamiana is dominant and C. sieberi and L. obovatum are rare (Fig. 2.3). 

Whenever C. cunninghamiana occurs, it is the dominant species, both down the riparian zone 

and across the riparian zone from the river edge to the start of the hill slope. Given that 

C. sieberi and L. obovatum are to some degree excluded, it would appear that there may be 

some competition between the flood-tolerant river-edge species. However, I have no direct 

evidence to support this idea and it would require further investigation. Unfortunately, it is 

difficult to include biotic interactions in the predictive modeling technique that was employed 
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in this thesis. Perhaps ways to include such information should be investigated. The 

presence of unaccounted for biotic interactions and controls means that predictions may not 

be as good as they could be. 

Are strong relationships between vegetation and environment indicated by predictive 

success? 

Predictive success was good but not perfect. The predictive success achieved indicates that 

the relationships between riparian species and the abiotic environment are strong, but that 

biotic interactions are still important (as mentioned above). If predictive pattern is related 

back to disturbance effects, disturbance has resulted in riparian communities that are closely 

linked to their environment, but because obligate species are tolerant of flood disturbance 

(Chapters 4 and 5) biotic interactions can still occur. 

Riparian vegetation predictions were compared to predictions of hill slope vegetation to 

determine whether plants in a less disturbed location (i.e. hill slope), and possibly under 

higher biotic control, were predicted with lower accuracy than riparian or disturbed plants, 

hence under greater abiotic control. The predictive accuracy was less for hill slope vegetation 

than for riparian vegetation, but it was not greatly different (Fig. 6.3), which does not agree 

with the abiotic control supposition. This result would suggest that there is a factor/s, other 

than riparian disturbance, that influences riparian distribution, possibly competition. 

However, there is an important assumption being made with this conclusion and also the 

comparison between the riparian zone and hillslope vegetation - that hill slope species are 

disturbed less - which certainly would be the case for flooding, but not necessarily so for other 

disturbances such as water stress or fire. 

7.1.4 Is riparian vegetation primarily abiotically controlled? 

Flood disturbances are important for the structuring of riparian vegetation. The importance of 

flooding has been indicated in this thesis by plant performance effects (Chapters 4 and 5) and 

by the vegetation patterning closely reflecting the fluvial geomorphic environment 

(Chapters 2 and 3). Given these close associations between the physical environment and 

species distribution, and the demonstrated effects of flooding, it was predicted that riparian 

vegetation would be abiotically controlled because of frequent flood disturbance. As 
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discussed above, riparian vegetation was principally influenced by abiotic variation ( e.g. 

Chapters 2 to 6), but biotic controls still appear important. 
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Therefore, the question is asked, is flooding a disturbance to obligate riparian vegetation even 

if it does not result in a totally abiotically controlled vegetation community? Yes flooding is, 

it changes the environment and increases resource supply, but the assumption that plants are 

abiotically controlled because of frequent disturbance does not hold true. The assumed 

relationship between disturbance and abiotic control is based on the idea that the disturbance 

under consideration should have a negative effect on the community which, based on findings 

in Chapters 4 and 5, flooding does not always have. Species in the riparian zone are tolerant 

of flooding because it is part of the environment to which they are adapted. Fire disturbance, 

for example, would likely have a different outcome. So when Lake and Barmuta (1986) 

suggest caution when considering this hypothesis, it is well founded, to the point that this idea 

may need a caveat: if the disturbance in question is an integral part of the environment then 

the organisms will not necessarily be abiotically controlled. Therefore, it is doubtful that this 

supposition applies completely to any ecosystem. 

7.1.5 Application to riparian management 

The uses of the predictive technique for riparian rehabilitation have already been outlined in 

Chapter 6. A critical outcome ofthis thesis is the realisation that flooding is important to the 

patterning of plant species within upland south-eastern Australian riparian zones, even though 

these riparian zones are narrow and have comparatively short flood duration compared to 

lowland areas. It was clearly pointed out in Chapters 4 and 5 that plant performance and 

tolerance to inundation and flow velocity were defining attributes for species location. What 

the experiments presented in these chapters found was that flood intensity attributes ( e.g. 

inundation depth, duration and velocity) resulted in differing species performances, so that 

obligate species grew faster after higher intensity flooding compared to the non-obligate 

species. These growth patterns are probably responsible for non-obligate species having 

limited distribution in the riparian zone. Therefore, without flooding, non-obligate species 

may increase in importance in the riparian zone to the point where obligate riparian species 

are excluded except on the river edge. However, further studies are necessary to clarify this 

issue. fu terms of water resource management, what these flood responses suggest is that: 

changes to the flood regime through river regulation are likely to impact on the species 
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compliment of upland riparian zones, to the point where some obligate species may 

become less important if flood duration and intensity is substantially reduced. 

How can you measure riparian health? 

Recommendations about how to assess riparian health are another possible outcome of this 

thesis. Whilst this thesis has not directly considered this issue, the research can facilitate 

comment and recommendations. To assess riparian health, indicators must be chosen. This 

thesis attempted to observe only riparian locations in good condition, that is, healthy. Some 

of the sites selected from maps for sampling were found to be in poor condition, resulting in 

their removal from analysis or not being measured. Generally, a riparian zone in good 

condition contained mainly local native species, there was some species differentiation across 

the riparian zone, there were some young plants present, there was more than one age class 

present and there was species variation between alluvial and bedrock substrata. These 

conditions varied according to the species present. For example, the presence of 

C. cunninghamiana prevented high species richness, unless the dominant substratum was 

bedrock, which limited C. cunninghamiana (and other trees) and allowed a rich shrub flora to 

exist. Upstream of the C. cunninghamiana distribution zone, greater species richness was 

present on alluvial substrata. 

The dominance of exotic species, such as Salix spp., may be an indicator of prior geomorphic 

disturbance. This disturbance may have removed local species, consequently providing space 

for willows to germinate, since they require open spaces for germination or establishment to 

proceed (e.g. Johnson et al. 1976). On the other hand, limited age classes of native species 

may also point to prior geomorphic disturbance, such as sand and gravel removal. In such 

cases existing plants were removed, then upon the cessation of the extractions and once the 

substrata stabilised to some degree, a high level of regeneration took place. This was the case 

for the Woodstock site in the ACT. However, this is not an indication of poor riparian health, 

rather of riparian vegetation in the process of recovery from a catastrophic geomorphic 

disturbance. 

If a field study was to assess riparian health or condition the following would be 

recommended: 

• Determine the species present at a site for a range of size classes; 

• Determine the presence and percent contribution of exotic species; 
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• Determine the presence of regenerating plants and number of species regenerating; 

• Consider what the dominant species is: will this species reduce species richness naturally 

(e.g. C. cunninghamiana) or is its' dominance unnatural (e.g. non-obligate A. dealbata 

dominant near the riparian edge); 

• Utilise a sampling design based on plot style observations, stratified for differences in 

geomorphic units and riparian reaches; 

• Include a range of physical factors for comparison between sites, for example, substratum 

type, geomorphic type, elevation, climate ( or altitude if climate data are not available); 

and 

• Consider hydrological deviation away from the natural hydrological condition. 

The predictive method that was presented in Chapter 6 may also be used to assess riparian 

condition. This predictive method in its original use was to assess the condition of a river 

using aquatic macroinvertebrates (Wright et al. 1984). Assessment was performed by 

comparing the observed taxa at a test site (probably an impacted site) with the taxa that would 

be expected, based on the predictions from a model that was created using data from 

relatively undisturbed ( or reference) sites. This assessment index was called an O/E score 

(ratio of observed over expected taxa present), the degree to which this score deviated from 1 

was used to indicate whether the site was in good condition, poor or very poor. The inclusion 

of O/E scores for this predictive technique could be achieved for vegetation to give an 

indication of riparian "health". However, further investigation with this outcome in mind 

would have to be done before the O/E indicator score could be used with surety. 

7.2 SUGGESTIONS FOR FURTHER INVESTIGATION 

Many questions were raised for further investigation in the previous chapters. Sometimes 

these were recommended to highlight a gap in the knowledge or to improve the methods that 

were used in this thesis. Some of these questions have already been raised in the preceding 

discussion. In terms of physical interactions, the flume experiment could be extended and 

improved to investigate the effect of different soil/substratum types on velocity response, and 

also to include a control of no inundation and no velocity. These improvements would allow 

better comparison with in situ riparian plant distribution and also to determine whether 

flooding (inundation and velocity) provided a growth advantage compared to non-flood 

situations. The effects of inundation and light on seedlings have previously been investigated. 

A similar experiment in conjunction with allogenic considerations of dominant tree species 
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would aid in answering the question of why seedlings are predominantly found at the river 

edge where disturbance is more intense. Such an experiment could also be strengthened by a 

competition experiment considering woody plant growth, herbaceous density and inundation, 

to determine whether the river edge provides an area of low competition with herbs because 

of flood intensity. Questions were also raised for further investigation about competition 

between obligate and non-obligate species, and within obligate species considering whether 

flooding tolerance influenced competition and if it played a role in riparian plant distribution. 

This thesis presented the first attempt at DF A statistical modeling for the prediction of species 

in the riparian zone. To strengthen this method several factors need to be investigated: 

determine whether the generation on an O/E indicator score is valid for the assessment of 

riparian health; to determine whether predictive accuracy is improved with more 

plots/transects included per site; to reassess the methods used in Chapter 6 in terms of a 

riparian health assessment technique; and to determine whether the predictive technique is 

applicable to herbaceous species or in combination with woody species. I think that the 

riparian predictive technique, presented in Chapter 6, has value for riparian zone management 

and restoration, and further investigation would help to strengthen its applicability. 

7.3 SUMMARY OF FINDINGS 

This study detected a series of relationships between fluvial geomorphology and plant species 

distribution and establishment in the upland river valleys investigated. The aspect of spatial 

scale was investigated, evidencing the benefit of utilising a geomorphic spatial structure for 

studying riparian vegetation, primarily because it represents two important gradients of 

variation in riparian vegetation. Based on these geomorphic scales it was determined that 

riparian vegetation is structured on a geomorphic template largely because geomorphic 

structure represents many of the process variables important to vegetation distribution. This 

structure was of hierarchical nature, in that variation at the smallest scale was influenced by 

variation at the larger riparian reach scale. Experiments concerning inundation found that 

inundation could result in a positive growth effect from the obligate riparian species, while the 

non-obligate species did not respond so favorably. Similarly, flow velocity compared to no 

velocity was found to also have a positive growth effect on obligate species, a finding that has 

not been established before for riparian vegetation. The inundation and velocity results were 

found to largely support the principles of the subsidy stress gradient in that perturbation up to 

a threshold level resulted in positive organism response. These responses to flood 
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characteristics have implications for the continued existence of riparian species under 

threat of change to the flood regime from river regulation. Drawing all of the chapter 

outcomes together concerning the importance of fluvial geomorphic variation, it was 

established that abiotic variables could successfully predict species distribution. The 

prediction technique was instrumental in addressing the supposition of whether vegetation 

distribution was controlled by abiotic variation; this supposition was only partially supported. 

Further, this predictive technique should have an important end use for the restoration of 

impacted riparian areas. 

Therefore, as an overall conclusion, riparian vegetation was found to be closely linked to its 

environment (evidenced by Chapters 2, 3, 4, 5), in a predictable pattern (Chapter 6). This 

pattern relied on flood disturbance affecting species distribution. Some riparian species were 

found to be highly tolerant of flooding and gained a growth advantage after flooding 

(Chapters 4 and 5). Therefore, flood tolerance was important for the formation of a species 

gradient across the riparian zone. These species tolerances and growth requirements were 

largely summarised by geomorphic pattern (Chapter 3), which formed a template on which 

riparian vegetation was structured. 
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APPENDIX 1. SITE NAMES AND NUMBERS WHERE FIELD DATA 
WERE COLLECTED. 
'Excluded' indicates sites sampled and later determined to be too impacted by human 
interactions for analysis of sites in 'reference' condition (i.e. in best available condition). 

Site River State/ Chapter methods Chapter with 
Territort ree orted in site mae 

MBl Lanyon Murrumbidgee ACT 2 Excluded 

MB2 Point Hutt Crossing Murrumbidgee ACT 2 2 

MB3 Huntly Pump Station Murrumbidgee ACT 2 2 
MB4 Woodstock Reserve Murrumbidgee ACT 2 2 

MB5 Hawthorn Crossing offWallaroo Road Murrumbidgee NSW 2 Excluded 

MB6 Gigerline Gorge upstream ofTharwa Murrumbidgee ACT 2 2 

MB7 Easement to River offWallaroo Road Murrumbidgee NSW 2 2 

MB8 Old Mill upstream of Cooma Murrumbidgee NSW 2 2 

MB9 Just downstream of Angle Crossing Murrumbidgee ACT 2 2 
MB 10 Bredbo Pumphouse Murrumbidgee NSW 2 Excluded 

MB 11 Drumore Murrumbidgee NSW 2 Excluded 

MB12 Bumbalong Murrumbidgee NSW 2 2 
MB13 Mt Livingstone near Michelago Murrumbidgee NSW 2 2 
MB14 Westdale offEskdale Road Murrumbidgee NSW 2 Excluded 

MB15 Glenbower off Cavan Road Murrumbidgee NSW 2 2 

GDl Downstream ofBrindabella Bridge Goodradigbee NSW 6 6 

GD2 Road reserve just downstream ofBrindabella Goodradigbee NSW 6 6 
Station 

GD3 Upstream ofKoorabri in Kosciusko National Goodradigbee NSW 6 6 
Park 

GD4 Long Flat before MacDonalds flat Goodradigbee NSW 6 6 

GD5 Koorabri Goodradigbee NSW 6 6 

GD6 Sandy Flat Goodradigbee NSW 6 6 

GD7 Micalong Creek Reserve Goodradigbee NSW 6 6 

ABl Gum Flat Abercrombie NSW 6 Excluded 

AB2 Upstream of the Abercrombie Bridge Abercrombie NSW 6 6 

AB3 Just upstream ofNoorla property Abercrombie NSW 6 6 

AB4 Abercrombie River crossing highest upstream Abercrombie NSW 6 6 

ABS Goulbum Road bridge opposite camp ground Abercrombie NSW 6 6 

AB6 Blue Hills Abercrombie NSW 6 6 

MBl Point Hutt Crossing Murrumbidgee ACT 6 6 

MB2 Woodstock Reserve Murrumbidgee ACT 6 6 
MB3 Glenbower off Cavan Road Murrumbidgee NSW 6 6 
MB4 Anne Cambells Murrumbidgee NSW 6 6 
MB5 Murrells Crossing Murrumbidgee NSW 6 6 

MB6 LobbsHole Murrumbidgee ACT 6 6 

MB7 Huntly Pump Station Murrumbidgee ACT 6 6 

MB8 Brindabella Hills Winery Murrumbidgee NSW 6 6 

MB9 Riverview Murrumbidgee NSW 6 6 
MB 10 Opposite Casuarina Sands Murrumbidgee NSW 6 6 
MBll Gigerline Gorge upstream ofTharwa Murrumbidgee ACT 6 6 
MB12 Tuggeranong Gorge Murrumbidgee ACT 6 6 
MB 13 Old Mill upstream of Cooma Murrumbidgee NSW 6 6 
MB14 Upstream of Angle Crossing Murrumbidgee NSW 6 6 
MB15 Bumbalong Murrumbidgee NSW 6 6 
MB16 Mount Oak Commune Murrumbidgee NSW 6 6 
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APPENDIX 2. WOODY SPECIES ENCOUNTERED DURING FIELD 
INVESTIGATIONS. 
Species, as in Harden (1990, Authority Valley found in (X) 

1991,1992) 
(*=exotic to Australia) Abercrombie Goodradigbee Murrumbidgee 
Acacia dealbata Link X X X 
Acacia doratoxylon Cunn. X 
Acacia implexa Benth. X X 
Acacia pravissima F. Muell. X 
Acacia rubida Cunn .. X X 
Acacia siculiformis Cunn. Ex Benth. X X 
Acacia vestita Ker Gawler X 
Bertya rosmarinifolia Planchon X 
Brachychiton populneus R. Br. X 
Brachyloma daphnoides Benth. X 
Bursaria lasiophylla E. Bennett X X 
Bursaria longisepala Domin X 
Bursaria spinosa Cav. X X 
Calytrix tetragona Labill. X 
Callistemon sieberi DC. X X X 
Callitris endlicheri Baily X 
Cassinia aculeata R.Br. X X 
Cassinia arcuata R.Br. X X 
Cassinia longifolia R.Br. X X X 
Cassinia quinquefaria R. Br. X 
Casuarina cunninghamiana Miq. X X X 
Correa reflexa Labill. X 
*Cystisus scoparius Link X 
Daviesia mimosoides R. Br. X 
Daviesia leptophylla Cunn. Ex Don X 
Dodonaea viscosa Jacq. X X X 
Eucalyptus bridgesiana R. Baker X X 
Eucalyptus camaldulensis Dehnh. X 
Eucalyptus dalrympleana Maiden X 
Eucalyptus fastigata Deane & Maiden X 
Eucalyptus macrorhyncha F. Muell. ex Benth X 
Eucalyptus melliodora Cunn. Ex Schauer X X 
Eucalyptus pauciflora Sieber ex Sprengel X X 
Eucalyptus rubida Deane & Maiden X 
Eucalyptus stellulata Sieber ex DC. X X 
Eucalyptus viminalis Labill. X X X 
Exocarpus cupressiformis Labill. X 
Grevill ea juniperina R.Br. X 
Grevillea lanigera Cunn. ex R. Br. X 
Gynatrix pulchella Alef. X X 
Hakea microcarpa R.Br. X X 
Hibertia linearis R.Br. ex DC. X 
Kunzea ericoides J. ThOIDESOll X X X 
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Appendix 2. continued 

Species Authority Valley found in 
Abercrombie Goodradigbee Murrumbidgee 

Kunzea parvifolia Schauer X 
Leptospermum brevipes F. Muell. X X 
Leptospermum grandifolium Smith X 
Leptospermum morrisonii J. Thompson X 
Leptospermum obovatum Sweet X X X 
Leucopogon attenuatus Cunn. X 
Lissanthe strigosa R. Br. X 
Lomatia myricoides Domin X X X 
Melichrus urceolatus R.Br. X 
Micrantheum hexandrum Hook. f. X X 
Myoporum montanum R.Br. X 
Phebalium lamprophyllum Benth. X 
*Pinus radiata D.Donn. X 
Pomaderris aspera Sieber ex DC X 
Pomaderris betulina Hook. X 
Pomaderris eriocephala Wakef. X X X 
Pomaderris angustifolia Wakef. X X 
*Populus nigra L. CV. X 
Prostanthera lasianthos Labill. X 
Prostanthera rotundif olia R.Br. X 
*Rosa rubiginosa L. X X X 
Rubus parvifolius L. X X X 
*Rubus ulmifolius Schott X X X 
*Salix fragilis L. X X X 
*Salix babylonica L. X 
Solanum vescum F. Muell. X 
Westring_ia eremicola Cunn. ex Benth. X 
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APPENDIX 3. PHOTOGRAPHS OF THE FIVE EXPERIMENTAL 
SPECIES USED THROUGHOUT THIS THESIS. 

Figure A3.1. Casuarina cunninghamiana saplings during a flood on the Murrumbidgee River at Woodstock 
Reserve. 

B) 
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Figure A3.2. Casuarina cunninghamiana at Casuarina Sands on the Murrumbidgee River. A) shows a close-up 
image of a female C. cunninghamiana. B) shows juvenile C. cunninghamiana in the foreground in amongst the 
rocks with adults in the background. 
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Figure A3.3. Kunzea ericoides at Casuarina Sands on the Murrumbidgee River. A) shows an individual 
K. ericoides. B) shows a close-up image of K. ericoides. 

Figure A3.4. Kunzea ericoides typical growth density at Uriarra Crossing on the Murrumbidgee River. 
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Figure A3.5. Leptospermum obovatum near the confluence of the Cotter and Murrumbidgee Rivers. A) shows 
an individual L obovatum. B) shows a close-up image of a L obovatum. 

Figure A3.6. Close-up image of Callistemon sieberi at Casuarina Sands on the Murrumbidgee River. 
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Figure A3.7. Stand of Ca/listemon sieberi on a bedrock platform just above Angle Crossing on the Murrumbidgee 
River. 

Figure A3.8. Close-up image of Acacia dealbata near Casuarina Sands on the Murrumbidgee River. 
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Figure A3.9. Acacia dea/bata growing on a terrace (elevation 4.Sm) at Mount Oak on the Murrumbidgee River. 



Appendices 

APPENDIX 4. REHABILITATION GUIDANCE PAMPHLET PRODUCED FROM THE 
RESULTS OF THIS THESIS. 
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