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Abstract 

 

Throughout arid and semi-arid inland Australia, many extensive floodplains occur 

in association with rivers which are amongst the most hydrologically variable in 

the world.  As rainfall in these areas is characteristically low and patchy, 

conditions in Australia’s ‘dryland’ floodplains fluctuate unpredictably between 

extended periods of drought and huge floods that transform vast areas into 

wetlands, often for months at a time.  Vegetation in these floodplains is 

commonly dominated by short grass and forb associations and patches of open 

succulent shrubland which are attributed with high ecological and socio-economic 

values due to their provision of habitat to a diverse array of terrestrial and aquatic 

fauna and their productive native pasture growth.  In temperate and tropical 

floodplains, a substantial number of studies have shown that plant community 

composition and structure is determined primarily by flow and alterations to flow 

in these areas, through water extraction or river regulation, have resulted in many 

changes to the vegetation including loss of biodiversity and mass invasions of 

exotic species.  Despite increasing pressure for water resource development in 

‘dryland’ regions, relatively little is known regarding the effects of highly variable 

flows on the vegetation dynamics of arid floodplains, particularly in Australia.  

This thesis addresses this knowledge gap by examining the role of flow in the 

vegetation dynamics of a large arid floodplain in central Australia: the Cooper 

Creek floodplain. 

 

The effects of flow on plant community dynamics, from an organism level to that 

of the landscape, are examined across a range of spatial and temporal scales.  

Results are presented from a two year temporal vegetation survey during which 

time two flood pulse events of differing sizes occurred.  A large-scale spatial 

survey was also conducted to determine the effects of flood history on spatial 

variation in plant community composition and structure.  The composition of the 

soil seed bank and its contribution to vegetation dynamics were additionally 

investigated through a series of germination trials.  Amongst common arid  



 

 

ii
floodplain plants, life history traits that enable persistence under variable 

hydrological conditions were also considered via several experiments aimed at 

determining the effects of flow on the outcomes of various life history stages 

including germination, growth and dispersal.  Throughout the study, results are 

presented for plant groups that were predefined on the basis of life form, life span 

and taxonomic divisions within these categories. 

 

Plant community composition and structure in the Cooper Creek floodplain 

exhibits significant shifts both temporally, in response to flood pulse wetting and 

drying, and spatially, in response to flood history.  Flood pulse inundation has the 

potential to influence each life history stage across the range of plant groups 

present and the outcomes of these appear to be determined by hydrological 

attributes such as flood pulse timing, duration and rate of drawdown.  Vegetation 

consequently exhibits gradual zonation on a gradient of flood frequency along 

which plant groups occur at predictable locations depending on their life history 

traits and recent hydrological conditions.  A substantial proportion of species 

display ruderal life history traits including large, persistent soil seed banks and 

rapid life cycles which enable escape in time from the stresses associated with 

flooding and drought.  These species, mostly comprising annual monocots and 

forbs, are widespread throughout the landscape and their presence in the extant 

vegetation is related primarily to the time since the last flood pulse event and the 

hydrological attributes of this.  Perennial species, particularly shrubs, do not 

appear to rely similarly on the soil seed bank for recruitment and their distribution 

in the floodplain vegetation is likely to be determined more by their ability to 

tolerate either flooding or drought.   

 

Overall, this study demonstrates that flow, despite its variability, has an overriding 

influence on vegetation dynamics in the arid floodplain of the Cooper Creek.  The 

spatial and temporal variability of flow maintains a heterogeneous mosaic of plant 

communities of differing composition and structure.  Given this close relationship 

between flow and vegetation dynamics, anthropogenic alterations to flow are 

likely to result in changes to the vegetation including homogenisation of plant 

communities across the floodplain landscape and eventual loss of biodiversity.   

 



 

 

iii
 

Table of Contents 
 
 
Abstract 
 

i

Acknowledgements 
 

xiv

Statement of Originality 
 

xv

 
Chapter 1.  General Introduction 
 

 
1

1.1  Introduction 1

1.2  Flow and the Ecology of Floodplain Vegetation 3

1.2.1  Effects of Flow on Plant Habitat 3

1.2.2  Effects of Flow on Plant Life Histories 4

1.2.3  Effects of Flow on Plant Community Dynamics 6

1.3  Flow Variability and the Ecology of Large Arid Floodplains 11

1.4  Aims and Scope of Thesis 15

1.4.1  Background 15

1.4.2  Research Questions 16

1.4.3  Thesis Outline 19

 

Chapter 2.  Physical Characteristics and Floristics of a Large Arid 

Floodplain: Cooper Creek, Australia 

 

20

2.1  Location 20

2.2  Physical Characteristics 23

2.2.1  Climate 23

2.2.2  Hydrology 25

2.2.3  Geology and Geomorphology 28

2.2.4  Soils 29

2.2.5  Herbivory and Land Use 30

2.3  Floristics 31

2.3.1  Plant Species Diversity 31

2.3.2  Plant Community Diversity 33

 

 



 

 

iv
 

Chapter 3.  Effects of Flood Pulses on Plant Community Composition    

and Structure 

 

 
 

36

3.1  Introduction 36

3.2  Methods 38

3.2.1  Study Sites 38

3.2.2  Data Collection 40

3.2.3  Data Analysis 41

3.3  Results 42

3.3.1  General Floristics 42

3.3.2  Effects of Wetting and Drying on Plant Community Composition 43

3.3.3  Effects of Wetting and Drying on Total Cover and Species Richness 45

3.3.4  Effects of Wetting and Drying on Plant Groups 47

3.4  Discussion 52

3.4.1  Plant Community Responses to Wetting and Drying 52

3.4.2  Plant Group Responses to Wetting and Drying 53

3.4.3  Effects of Flood History on Plant Community Responses 55

 

Chapter 4.  Effects of Flood History on Plant Community Composition 

and Structure 

 

56

4.1  Introduction 56

4.2  Methods 58

4.2.1  Study Sites 58

4.2.2  Data Collection 61

4.2.3  Data Analysis 61

4.3  Results 62

4.3.1  General Floristics 62

4.3.2  Effects of Flood History on Total Cover and Species Richness 63

4.3.3  Effects of Flood History on Plant Community Composition 65

4.3.4  Effects of Flood History on Plant Groups 67

4.4  Discussion 80

4.4.1  Plant Community Zonation and Flood History 80

4.4.2  Spatial Distribution of Plant Groups and Flood History 83

 



 

 

v
 
Chapter 5.  Soil Seed Bank Composition and its Contribution to 

Vegetation Dynamics 

 

 
85

5.1  Introduction 85

5.2  Methods 88

5.2.1  Data Collection 88

5.2.2  Data Analysis 90

5.3  Results 91

5.3.1  Composition of the Soil Seed Bank 91

5.3.2  Spatial and Temporal Patterns in Soil Seed Bank Composition 93

5.3.3  Spatial and Temporal Patterns in Soil Seed Bank Plant Groups 96

5.3.4  Comparison of the Soil Seed Bank and Extant Vegetation 105

5.4  Discussion 108

5.4.1  General Characteristics of the Soil Seed Bank 108

5.4.2  Effects of Flow on Spatial and Temporal Patterns in the Soil Seed Bank 109

5.4.3  Contribution of the Soil Seed Bank to Vegetation Dynamics 111

 

Chapter 6.  Germination Responses to Flooding of Common Arid 

Floodplain Plants 

 

114

6.1  Introduction 114

6.2  Methods 117

6.2.1  Soil Seed Bank Experiment 117

6.2.2  Soil Seed Bank Experiment Data Analysis 121

6.2.3  Individual Species Seed Germination Experiment 121

6.2.4  Individual Species Seed Germination Experiment Data Analysis 124

6.3  Results 124

6.3.1  Germination Responses from the Soil Seed Bank 124

6.3.2  Germination Responses from Seeds of Individual Species 137

6.4  Discussion 145

6.4.1  Germination Responses from the Soil Seed Bank 145

6.4.2  Germination Responses from Seeds of Individual Species 148

 

 

 



 

 

vi
 
Chapter 7.  Growth and Dispersal Responses to Flooding of Common 

Arid Floodplain Plants 

 

 
151

7.1  Introduction 151

7.2  Methods 153

7.2.1  Growth Experiment 153

7.2.2  Growth Experiment Data Analysis 155

7.2.3  Seed Buoyancy Experiment 156

7.2.4  Seed Buoyancy Experiment Data Analysis 156

7.3  Results 157

7.3.1  Growth Experiment 157

7.3.2  Seed Buoyancy Experiment 164

7.4  Discussion 166

7.4.1  Growth Responses to Flooding 166

7.4.2  Dispersal Responses to Flooding 179

 

Chapter 8.  General Discussion 
 

172

8.1  Significance of the Study 172

8.2  The Role of flow in Arid Floodplain Vegetation Dynamics 173

8.2.1  The Role of Flood Pulses 173

8.2.2  The Role of Flood History 180

8.2.3  The Role of the Flow Regime 183

8.2.4  Synthesis 186

8.3  Potential Impacts of Changing Flow on Vegetation Dynamics 188

8.4  Other Factors influencing Vegetation Dynamics 192

8.5  Future Research Directions 193

8.6  Conclusion 194

 

References 
 

195

Appendices 
 

216

Appendix 1.  Two-way ANOVA Tables for Temporal Survey (Chapter 3) 216
Appendix 2.  List of Species Recorded in Temporal Survey (Chapter 3) 218
Appendix 3.  List of Species Recorded in Spatial Survey (Chapter 4) 221
Appendix 4.  Soil Seed Bank Pilot Study (Chapter 5) 223
Appendix 5.  List of Species Recorded in Soil Seed Bank (Chapter 5) 225



 

 

vii
 

List of Figures 
 
 
  Figure 1.1  The Environmental Sieve Model. 8

Figure 1.2  Grime’s C-S-R triangle relative to flood frequency and plant 

adaptations to flooding. 

9

Figure 1.3  Diagrammatic representation of a floodplain gradient showing 

opposing dominance of abiotic and biotic factors. 

10

Figure 1.4  Diagrammatic representation of the Flood Pulse Concept. 12

Figure 1.5  15 – 25 year hydrographs for six rivers from contrasting climatic 

regions illustrating differing levels of flow variability. 

13

Figure 1.6  Conceptual model illustrating the role of flow in vegetation 

dynamics at different temporal and spatial scales. 

16

Figure 1.7  Definition of plant groups by life form and life span. 18

Figure 2.1  Map illustrating major physiographic provinces of Australia. 21

Figure 2.2  Map of Cooper Creek catchment illustrating major tributaries, 

towns and the Currareva flow gauging station. 

22

Figure 2.3  Mean Monthly Rainfall (mm) at Windorah between 1887 and 

2001. 

24

Figure 2.4  Mean daily maximum and minimum temperatures (°C) at 

Windorah between 1887 and 2001. 

24

Figure 2.5  Annual discharge in millions of ML at Currareva flow gauging 

station. 

26

Figure 2.6  Inundation extents south of Currareva of 4 flood events a. 1985, 

b.1986, c. 1990 and d. 1991. 

27

Figure 3.1  Map showing approximate location of study sites within broad 

flood history zones. 

39

Figure 3.2  Total monthly discharge (millions of ML) at Longreach and total 

monthly rainfall (mm) during the survey period indicating survey 

times. 

40

Figure 3.3  Ordination of sites from each flood history zone at each survey 

time. 

44

Figure 3.4  Changes in the mean total cover index (+/- standard error) for sites 

in each flood history zones over the survey period. 

45

Figure 3.5  Changes in the mean species richness (+/- standard error) for sites 

in each flood history zones over the survey period. 

47



 

 

viii
 

Figure 3.6  Changes in the mean untransformed cover index (+/- standard 

error) of plant groups mentioned in the text for sites in each flood 

history zone over the survey period. 

 

51

Figure 4.1  Location of study sites showing distribution within flood frequency 

zones and longitudinal regions. 

60

Figure 4.2  Mean total cover index (+/- standard error) for sites in each flood 

frequency zone and longitudinal region. 

63

Figure 4.3  Mean species richness (+/- standard error) for sites in each flood 

frequency zone and longitudinal region. 

64

Figure 4.4  Ordination of sites by cover indices of species and species vectors 

significantly correlating with the ordination space. 

65

Figure 4.5  Mean cover indices (+/- standard error) within major plant groups 

in each flood frequency zone for sites from each longitudinal region. 

68

Figure 4.6  Mean cover indices (+/- standard error) at each flood frequency 

zone and longitudinal region for families belonging to the Shrub plant 

group a.) Chenopodiaceae and b.) Polygonaceae. 

71

Figure 4.7  Mean cover indices (+/- standard error) at each flood frequency 

zone and longitudinal region for families belonging to the Annual and 

Perennial Sub-shrub plant groups a.) Annual Sub-shrub 

Chenopodiaceae, b. Perennial Sub-shrub Chenopodiaceae and c.) 

Perennial Sub-shrub Frankeniaceae. 

73

Figure 4.8  Mean cover indices (+/- standard error) at each flood frequency 

zone and longitudinal region for families belonging to the Annual and 

Perennial Monocot plant groups a.) Annual Monocots Cyperaceae, b.) 

Annual Monocots Poaceae, c.) Perennial Monocots and d.) Perennial 

Monocots Poaceae. 

76

Figure 4.9  Mean cover indices (+/- standard error) at each flood frequency 

zone and longitudinal region for families belonging to the Annual and 

Perennial Forb plant groups a.) Annual Forbs Amaranthaceae, b.) 

Annual Forbs Tiliaceae, c.) Perennial Forbs Asteraceae, d.) Perennial 

Forbs Goodeniaceae, e.) Perennial Forbs Marsileaceae and f.) 

Perennial Forbs Nyctaginaceae. 

78

Figure 5.1  Abundance of seeds belonging to each major plant group recorded 

from the soil seed bank. 

 

91



 

 

ix
 

Figure 5.2  Mean species richness (+/- standard error) of the soil seed bank at 

each survey time for each flood history zone. 

 

93

Figure 5.3  Mean total seed abundance (+/- standard error) of the soil seed 

bank at each survey time for each flood history zone. 

93

Figure 5.4  Ordination of sites by seed abundance of species and species 

vectors significantly correlating with the ordination space. 

95

Figure 5.5  Mean seed abundance (+/- standard error) in each major plant 

group at each survey time for a.) Near Channel zone sites, b.) Mid 

Floodplain zone sites and c.) Far Floodplain zone sites. 

97

Figure 5.6  Mean seed abundance (+/- standard error) in families belonging to 

the Annual and Perennial Forb plant groups for each survey time and 

flood history zone. 

100

Figure 5.7  Mean seed abundance (+/- standard error) in families belonging to 

the Annual and Perennial Monocot plant groups for each survey time 

and flood history zone. 

103

Figure 5.8  Distribution of species belonging to each major plant group in the 

soil seed bank and extant vegetation. 

106

Figure 5.9   Ordination of species presence/ absence in the extant vegetation 

and soil seed bank. 

106

Figure 5.10  Mean Sorenson’s Similarity Coefficient expressed as a percentage 

(+/- standard error) at each survey time for each flood history zone. 

107

Figure 6.1  Experimental design for the first phase of the soil seed bank 

experiment. 

119

Figure 6.2  Experimental design for the second phase of the soil seed bank 

experiment. 

120

Figure 6.3  Total number of seedlings germinating from the soil seed bank in 

each major plant group in the a.) first phase and b.) second phase of 

the soil seed bank germination experiment. 

127

Figure 6.4  Mean species richness (+/- standard error) of seedlings germinating 

in the first phase of the soil seed bank experiment in each flood 

treatment from each flood frequency. 

128

Figure 6.5  Mean total abundance (+/- standard error) of seedlings germinating 

in the first phase of the soil seed bank experiment in each flood 

treatment from each flood frequency. 

 

128



 

 

x
 

Figure 6.6  Mean abundance (+/- standard error) of seedlings germinating in 

the first phase of the soil seed bank experiment in each flood treatment 

from each flood frequency belonging to a.) the Annual Forb plant 

group and b.) the Annual Monocot plant group. 

 

130

Figure 6.7  Mean species richness (+/- standard error) of seedlings germinating 

in the second phase of the soil seed bank experiment in each overall 

flood treatment from each flood frequency. 

133

Figure 6.8  Mean total abundance (+/- standard error) of seedlings germinating 

in the second phase of the soil seed bank experiment in each overall 

flood treatment from each flood frequency. 

133

Figure 6.9  Mean abundance (+/- standard error) of seedlings germinating in 

the second phase of the soil seed bank experiment in each overall 

flood treatment from each flood frequency belonging to a.) the Annual 

Forb plant group and b.) the Annual Monocot plant group. 

135

Figure 7.1  Diagram illustrating set up of watering treatments used in the 

growth experiment. 

155

Figure 7.2  Mean change in root length (∆R) in mm (+/- standard error) for 

each species under each watering treatment. 

159

Figure 7.3  Mean change in shoot length (∆S) in mm (+/- standard error) for 

each species under each watering treatment. 

159

Figure 7.4  Mean change in leaf number (∆L) (+/- standard error) for each 

species under each watering treatment. 

160

Figure 7.5  Effects of watering treatment on mean shoot : root ratios (+/- 

standard error) for seedlings of each species surviving at the end of the 

experiment. 

160

Figure 8.1  The ecological relevance of flood pulse attributes. 178

Figure 8.2  Modification of Grime’s C-S-R triangle for arid floodplain plants. 186

Figure 8.3  Conceptual model of arid floodplain vegetation dynamics. 188

 
 
 
 
 
 
 
 
 
 



 

 

xi
 

List of Tables 
 
 
Table 1.1  Spatio-temporal units of flow and their geomorphic and ecological 

significance. 

14

Table 3.1  Mean (+/- standard error) Bray Curtis dissimilarity measures 

between sites at each survey time showing homogenous subsets 

determined by Tukey’s b post hoc test. 

45

Table 3.2  Effects of survey time on total cover (transformed) and species 

richness within each flood history zone.   

46

Table 3.3  Effects of survey time on transformed cover indices for families in 

major plant groups within each flood history zone. 

49

Table 4.1  Hydrological characteristics and inundation areas of four flood 

events in the Cooper Creek. 

59

Table 4.2  Effects of flood frequency zone and longitudinal region on total 

cover (transformed) and species richness. 

64

Table 4.3  Species correlating significantly to the ordination (Figure 4.4) as 

indicated by Monte Carlo Randomisation Procedure. 

66

Table 4.4  Mean (+/- standard error) Bray Curtis dissimilarity measures for 

sites from each flood frequency zone showing homogenous subsets 

determined by Tukey’s b post hoc test. 

67

Table 4.5  Effects of flood frequency zone and longitudinal region on cover 

(transformed) in each major plant group. 

69

Table 4.6  Effects of flood frequency and longitudinal region on cover 

(transformed) in families belonging to the Shrub plant group. 

72

Table 4.7  Effects of flood frequency and longitudinal region on cover 

(transformed) in families belonging to the Annual and Perennial Sub-

shrub plant groups. 

74

Table 4.8  Effects of flood frequency and longitudinal region on cover 

(transformed) in families belonging to the Annual and Perennial 

Monocot plant groups. 

77

Table 4.9  Effects of flood frequency and longitudinal region on cover 

(transformed) in families belonging to the Annual and Perennial Forb 

plant groups. 

79

Table 5.1  Abundance of seedling germinating from families within the major 

plant groups during the germination trials. 

92



 

 

xii
 

Table 5.2  Effects of survey time and flood history zone on species richness 

and total seed abundance (transformed). 

 

94

Table 5.3  Species correlating significantly to the ordination (Figure 5.4) as 

indicated by Monte Carlo Randomisation Procedure. 

96

Table 5.4  Effects of survey time and flood history zone on seed abundance 

(transformed) in each major plant group. 

98

Table 5.5  Effects of survey time and flood history zone on seed abundance 

(transformed) in families belonging to the Annual and Perennial Forb 

plant groups. 

101

Table 5.6  Effects of survey time and flood history zone on seed abundance 

(transformed) in families belonging to the Annual and Perennial 

Monocot plant groups. 

104

Table 5.7  Effects of survey time and flood history zone on Sorenson’s 

Similarity Coefficient (expressed as a percentage). 

108

Table 6.1  Species used in the seed germination experiment showing major 

plant groups, families and germination under light or dark conditions 

in the pilot study. 

123

Table 6.2  Species germinating from the soil seed bank ranked in order of 

overall abundance from both phases of the experiment. 

126

Table 6.3  Effects of flood treatment and flood frequency on species richness 

and total abundance (transformed) of seedlings germinating in the first 

phase of the soil seed bank experiment. 

129

Table 6.4  Effects of flood treatment and flood frequency on the abundance 

(transformed) of seedlings germinating in each major plant group in 

the first phase of the soil seed bank experiment. 

131

Table 6.5  Effects of overall flood treatment and flood frequency on species 

richness and total abundance (transformed) of seedlings germinating in 

the second phase of the soil seed bank experiment. 

134

Table 6.6  Effects of flood treatment and flood frequency on the abundance 

(transformed) of seedlings germinating in each major plant group in 

the second phase of the soil seed bank experiment. 

136

Table 6.7  Germinability and speed of germination for each species in the 

individual species germination experiment under the treatment 

combination which resulted in the highest germination percentage. 

 

138



 

 

xiii
 

Table 6.8  Effects of watering treatment and temperature on mean total 

germination percentage (GT) (+/- standard error) for each species in 

the individual species germination experiment. 

 

140

Table 6.9  Effects of watering treatment and temperature on mean time taken 

for 50 % of germinating seeds to germinate (T50) (+/- standard error) 

for each species in the individual species germination experiment. 

141

Table 6.10  Species for which watering treatment and/ or temperature 

significantly influenced total germination percentage (GT) 

(transformed). 

142

Table 6.11  Species for which watering treatment and/ or temperature 

significantly influenced time taken for 50 % of germinating seeds to 

germinate (T50) (transformed). 

144

Table 7.1  Number of seedlings in each species surviving the duration of the 

growth experiment under each watering treatment. 

157

Table 7.2  Effects of watering treatment on change in root length (∆R). 161

Table 7.3  Effects of watering treatment on change in shoot length (∆S). 162

Table 7.4  Effects of watering treatment on change in leaf number (∆L). 163

Table 7.5  Fraction of surviving seedlings flowering at the end of the 

experiment in each species under each watering treatment. 

164

Table 7.6  Mean time taken for 50 % of seeds (FT50) and 90 % of seeds 

(FT90) to sink (+/- standard error) for each species in the seed 

buoyancy experiment. 

165

Table 8.1  Effects of flood pulse attributes on vegetation responses at different 

spatial scales. 

179

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

xiv
 

Acknowledgements 
 
 
 
 
 
This thesis has been completed under the supervision of Professor Stuart Bunn, 

Dr. Margaret Brock and Dr. Fran Sheldon.  In addition to their invaluable 

technical guidance and support, all of my supervisors have provided me with 

inspiration, motivation and confidence, without which I could not have completed 

this study.  To the people of Windorah, particularly Sandy and Anne Kidd, Bob, 

Narelle and Bronwyn Morrish, Winger, Bub, Robyn and the staff of the Western 

Star, I would like to offer my gratitude for sharing with me their love and detailed 

knowledge of the Cooper Creek.  Additionally, I must thank my fellow students 

and staff at the Centre for Riverine Landscapes, all of whom have given me great 

support and encouragement over the last three years; Dr. Christy Fellows and Dr. 

Wade Hadwen for reviewing manuscripts, Dr. Fiona Mackenzie-Smith for giving 

insightful advice on what a PhD entails, Maria Barrett for taking care of things, 

Steve Mackay for ensuring I wasn’t the only person around interested in ‘what 

animals eat’ and finally, my office room-mate, Claire McKenny, with whom I 

have shared the ups and downs of PhD candidature.  Financial support for this 

work was provided by a Land and Water Australia scholarship and additional 

funding was supplied by Griffith University, in the form of a completion 

scholarship as well as travel grants enabling my attendance at several stimulating 

conferences.   I am also indebted to the CRC for Freshwater Ecology for involving 

me in a community of like-minded and passionate scientists.  Finally, I would like 

to thank my family and my partner, Simon Bennett, for their understanding, 

support and, above all, their belief in me.  

 

 

 

 

 

  



 

 

xv
 

Statement of Originality 
 
 
 
 
 
This work has not previously been submitted for a degree or diploma in any 

university.  To the best of my knowledge and belief, the thesis contains no 

material previously published or written by another person except where due 

reference is made in the thesis itself. 

 
 
 
 
 
 
 
 
Samantha J. Capon 

July 2003 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

xvi
 
 
 
 
 
 
 

“ On the Cooper below Windorah are thousands of square miles of flood plains,  

many of them inundated every time the Cooper floods.  There are others,  

hundreds of square miles in area, slightly higher than the rest;  

the Cooper has never been over them since the big flood of 1906.   

They are parched and dried out, knee-deep in loose, powdery brown soils  

and carefully avoided by man and beast.  Those higher flood plains have  

waited for thirty-seven years, stubbornly refusing to grow grass  

however much it may rain, for that ‘Old Man River’ to give them a taste of his  

dirty-looking red-brown waters.  An ‘old man’ flood is necessary to inundate 

them and it has never come since 1906.  When it does come, then like magic  

there will appear a riot of rich grasses and plant life… ” 

 

 

 

(Timbury, 1944) 
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Chapter 1.   
General Introduction 
 

 

1.1 Introduction  

 

Large river floodplains are amongst the world’s most diverse and distinctive 

ecosystems (Tockner & Stanford, 2002).  Defined as ‘areas of low lying land that 

are subject to inundation by lateral overflow water from rivers with which they are 

associated’ (Junk & Welcomme, 1990), river floodplains are distributed globally 

throughout a wide range of geographical and climatic regions.  From the tropical 

rainforests of the Amazon to the arid savannas of the lower Nile, large river 

floodplains share the periodic presence of surface water, referred to here as flow, 

which transforms these predominantly terrestrial landscapes into aquatic ones.  

Flow is therefore crucial to both the existence and continued maintenance of large 

river floodplains.  It has the capacity to shape the landscape, drive primary 

production and influence the growth and interactions of river floodplain 

organisms across all trophic levels (Bayley, 1995; Junk et al., 1989; Walker et al., 

1995).  Consequently, flow is considered to be the principal environmental 

variable directing ecological pattern and process in large river floodplains 

(Bayley, 1995; Junk et al., 1989; Puckridge et al., 1998; Walker et al., 1995). 

 

A long history of human utilisation of river floodplain systems for agricultural and 

urban purposes has resulted in substantial alterations to flow (Bayley, 1995).  

Levee construction, dam building and water diversion and extraction are only a 

few of the impositions on flow which have been implemented for a variety of 

reasons such as the prevention of hazardous flooding, hydropower and regulation 

of water supply (Walker et al., 1995).  The many deleterious consequences of 

such changes to flow on the ecological diversity and functioning of river 

floodplain systems are now well documented and include declining biodiversity,  
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water quality and floodplain area (Bayley, 1995; Davies et al., 2000; Tockner & 

Stanford, 2002).  River floodplains are consequently considered to be some of the 

most degraded and threatened ecosystems on the planet (Tockner & Stanford, 

2002). 

 

Plant communities of large river floodplains are amongst the most productive and 

diverse in the world and frequently support higher numbers of plant species 

arranged in vegetation associations of greater complexity than surrounding 

landscape units (Menges & Waller, 1983; Tockner & Stanford, 2002).  In 

temperate and tropical regions, where floodplain vegetation has been intensively 

studied, flow has been found to be the primary determinant of plant community 

composition and structure (Blom et al., 1990; Ferreira, 1997; Ferreira & 

Stohlgren, 1999; Hughes & Cass, 1997; Hupp & Osterkamp, 1985; Menges, 1986; 

Pautou & Arens, 1994; Trebino et al., 1996).  Anthropogenic alterations to flow 

have therefore had significant impacts on floodplain vegetation throughout the 

world, including the loss of native species (Cronk & Fennessy, 2000), shifts in 

vegetation structure (Bren, 1992) and mass invasions by exotic species (Glenn et 

al., 1998). 

 

Floodplain vegetation plays a considerable role in the ecological functioning of 

river floodplain ecosystems, e.g. habitat provision for wildlife, and often has 

substantial socio-economic values, e.g. native pasture growth.  Changes to 

floodplain vegetation resulting from alterations to flow, therefore, have 

widespread implications.  Consequently, much attention around the world is now 

being directed towards restoring disturbed floodplain vegetation and preserving 

the limited areas which remain in a condition close to pristine (Bischoff, 2002; 

Friedman & Scott, 1995; Stromberg, 2001; Tockner & Stanford, 2002; Wetzel et 

al., 2001).  Understanding relationships between flow and floodplain vegetation 

dynamics is a critical step in moving towards this goal of improved management 

of large river floodplains. 
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1.2  Flow and the Ecology of Floodplain Vegetation 

 

1.2.1  Effects of Flow on Plant Habitat 

 

When a floodplain is inundated, a variety of physical and chemical changes occur 

with important implications for plant life (Blom et al., 1990; Blom & Voesenek, 

1996; Kozlowski, 1984).  These changes can act as ‘subsidies’ or ‘stresses’ to 

vegetation depending on whether they positively or negatively affect production 

(Megonigal et al., 1997).  Increased nutrients and moisture delivered by flooding, 

for example, may be beneficial to plant growth.  A further benefit of flooding is 

the provision of an additional vector for seed dispersal, i.e. seed transportation by 

water or ‘hydrochory’ (Nilsson et al., 1991).  Alternatively, flooding may present 

a physical stress to plant growth by, for instance, causing mechanical damage to 

stems (Menges, 1986).  Physiological stresses include the reduction of light 

available to submerged plants which may result in declining photosynthetic rates 

(Blom & Voesenek, 1996; Cronk & Fennessy, 2000). 

 

Two of the most significant stresses to plant life which result from inundation are 

soil anoxia and the accumulation of toxic materials in the soil (Blom & Voesenek, 

1996).  During flooding, gas exchange between the air and soil is severely limited 

and soil microbes rapidly consume the remaining soil oxygen (Ponnamperuma, 

1984).  In the absence of oxygen, microbial metabolism leads to the accumulation 

of toxic ions in the soil at high concentrations, e.g. manganese and iron (Cronk & 

Fennessy, 2000).  The physical structure of the soil is also altered by flooding, the 

end result of which is a dense arrangement of soil particles which are not only low 

in oxygen concentration but resistant to the growth of plant roots (Blom & 

Voesenek, 1996).  These changes combine to produce a habitat within which 

normal plant metabolic processes, e.g. respiration, photosynthesis and nutrient 

uptake, are greatly restricted (Hook, 1984).  In the majority of terrestrial plants, 

these stresses result in the cessation of growth and eventual mortality (Blom & 

Voesenek, 1996). 
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1.2.2  Effects of Flow on Plant Life Histories 

 

Whether flooding acts as a subsidy or a stress, the magnitude of an individual 

plant’s responses will depend on the life history stage of that plant, its adaptations 

to flow and various hydrologic attributes such as the duration or depth of 

inundation.  The effects of soil anoxia, for example, are temporally cumulative 

and many terrestrial plants can only withstand these for short periods (Blom & 

Voesenek, 1996).  Consequently, the duration of flooding will affect plant 

responses.  In swamp forests of North America, productivity is higher in areas 

where floods have a shorter duration (Megonigal et al., 1997).  The timing of 

flooding may also affect plant responses, particularly if inundation coincides with 

seasonal recruitment events (Baskin & Baskin, 1998).  Seedling establishment, for 

example, may be either hindered by inundation or encouraged, depending on flood 

timing and the stage of seedling development (Dexter, 1968).  The spatial extent 

of floodplain vegetation influenced by inundation will be controlled by the size of 

the flood peak.  Flood size will also determine inundation depth and therefore 

light availability.  Higher water levels may result in increased plant mortality and 

juvenile plants may be affected more severely than their taller adult counterparts.  

The rates of change in the rise and drawdown of floodwaters may be additionally 

influential in determining plant responses.  A rapid rise, for example, may cause 

more mechanical damage to plant stems, which again is likely to have a greater 

impact on seedlings than adult plants, particularly for trees. 

 

Most floodplain organisms exhibit adaptations to flooding that enable them to 

tolerate the associated stresses and, in some cases, to benefit from the subsidies 

provided.  In floodplain plants, life history strategies may facilitate the avoidance 

of flooding stress in space and time or include physiological or morphological 

responses that allow survival throughout inundation (Blom et al., 1990; Blom & 

Voesenek, 1996).  In order for plants to survive in a vegetative state during 

inundation, they must possess mechanisms that can overcome the harmful effects 

of soil anoxia, toxicity and light reduction.  In some floodplain and wetland 

plants, alternative metabolic pathways enable respiration to continue 
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under anoxic conditions (Hook, 1984).  Many wetland plant species are able to 

transform toxic ions into benign compounds (Keeley, 1979).  Increased porosity 

of stems and roots through the development of aerenchyma is another common 

response amongst flooded plants, facilitating improved gas exchange within a 

plant body (Blom & Voesenek, 1996).  The production of adventitious roots and 

increased branching of lateral roots are also frequently observed (Blom et al., 

1990).  Flood tolerant plants can often exhibit rapid elongation of stems and 

petioles upon inundation, enabling leaves to emerge from the low light conditions 

created by submergence (Blom & Voesenek, 1996). 

 

Although physiological flood tolerance is apparent in many mature floodplain and 

wetland plants, other life history stages can be more susceptible to flooding 

stresses.  Young seedlings, for example, may be too short to emerge from deep 

floodwaters, even if they can rapidly elongate stems.  Furthermore, very few plant 

species can actually germinate in anoxic conditions (Baskin & Baskin, 1998).  

Consequently, the timing of life history events, such as flowering and 

germination, may correspond closely with regular annual flooding in many 

floodplain plants.  Some species may delay flowering and seed production until 

seasonal floodwaters have receded (Blom et al., 1990).  Others may flower prior 

to seasonal flooding but have dormant seeds which germinate in response to 

conditions which occur during floodwater recession (Pautou & Arens, 1994).  

Plants which release seeds before or during a flood may be dispersed widely by 

floodwaters through hydrochory (Nilsson et al., 1991) as the seeds of many 

wetland plants are extremely buoyant (Cronk & Fennessy, 2000). 

 

Plant species which are unable to survive flooding as adult individuals may persist 

at a floodplain location as dormant propagules (Blom et al., 1990; Blom & 

Voesenek, 1996).  Large, persistent soil seed banks are maintained by many 

floodplain and wetland plant species (Brock & Rogers, 1998; Leck & Brock, 

2000).  Changed conditions of temperature, light and oxygen availability which 

occur during floodwater recession can act as cues for germination (Leck, 1989).  

In such species, life cycles may then be completed rapidly while favourable  
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conditions remain, thus replenishing the soil seed bank before further inundation 

occurs (Blom & Voesenek, 1996). 

 

1.2.3  Effects of Flow on Plant Community Dynamics 

 

The study of plant community dynamics is concerned with spatial and temporal 

patterns in plant community composition and structure and the processes through 

which these occur.  Central to this is the concept of succession which generally 

refers to change over time in the species present within a plant community, 

usually following the creation of open space by some perturbation (Connell & 

Slatyer, 1977).  Historically, notions of succession have been dominated by two 

different ideas, advocating the importance of either autogenic or allogenic 

processes (Cronk & Fennessy, 2000).  Under Clements’ model of succession, 

dominant for much of the twentieth century, plant communities were seen as 

progressing through a series of successional phases or ‘seres’, which facilitate 

subsequent phases, ultimately resulting in stable climax communities which exist 

in equilibrium with local environmental conditions (Connell & Slatyer, 1977; 

Cronk & Fennessy, 2000).  Alternatively, Gleason’s ‘individualistic hypothesis of 

succession’ emphasised the role of allogenic processes and suggested that changes 

in plant community composition and structure occur as a consequence of different 

responses amongst individual plants to fluctuating environmental conditions 

(Cronk & Fennessy, 2000; Keddy, 2000).  According to the latter theory, species 

presence within a plant community at a particular time is determined by both life 

history traits of species and existing allogenic factors.  Egler (1954) later 

augmented these ideas in the ‘initial floristic composition hypothesis’ by arguing 

that successional changes would also depend on the presence of plant propagules 

at a location.  Today, perceptions of plant community succession consider 

autogenic and allogenic processes as significant (Bazzaz, 1996).  In particular, 

modern theories accentuate the role of disturbance and plant life history traits 

which affect their responses to fluctuating abiotic conditions and determine the 

outcome of biotic interactions such as competition (Connell & Slatyer, 1977; 

Keddy, 2000). 

 



Chapter 1.  General Introduction 

 

7
 

Disturbance, like succession, can be defined in a variety of ways but generally 

refers to a discrete event which alters environmental conditions resulting in 

changes to plant community composition or biomass (Keddy, 2000).  A recent 

discussion of disturbance in stream ecosystems defines disturbance as the 

occurrence of ‘potentially damaging forces…applied to habitat space occupied by 

a population, community or ecosystem’ (Lake, 2000).  Consequently, fires, 

cyclones and, in large river floodplains, floods are all examples of disturbances.  

In large arid river floodplains, drought may also be perceived as a disturbance.  

Responses to disturbance in plant communities are dependent on the life history 

traits or adaptations of constituent species (Bazzaz, 1996).  A common approach 

to predicting outcomes of disturbance has therefore been to classify species on the 

basis of these traits into functional groups which are likely to exhibit comparable 

responses to environmental variation (Boutin & Keddy, 1993; Hobbs, 1997; 

McIntyre et al., 1999a; McIntyre et al., 1999b; Noble & Slatyer, 1980).  

 

The ‘environmental sieve model’ uses plant functional groups to predict the 

composition of wetland vegetation by building on the theories of Gleason and 

Egler (van der Valk, 1981).  In this model, the presence of surface water, which 

can be conceived of as a disturbance in a floodplain wetland, acts as a sieve 

primarily responsible for determining plant community composition.  Wetland 

plant species are divided into twelve functional groups based on their life history 

(annual (A), perennial (P) or vegetative perennial (V)), dispersal mode (soil seed 

bank species (S) or dispersal dependent (D)) and establishment requirements 

(germinates in absence (I) or presence (II) of surface water).  Consequently, with a 

knowledge of soil seed bank composition and broad life history attributes, this 

model enables qualitative predictions to be made of wetland plant community 

composition under particular environmental conditions (Figure 1.1). 

 

An important limitation of the environmental sieve model is the omission of 

competition as a contributing factor to changes in plant community composition 

(Cronk & Fennessy, 2000).  Grime’s C-S-R model (Grime, 1979) is one 

alternative which gives consideration to species’ competitive abilities and has  
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Figure 1.1  The Environmental Sieve Model.  In this model, the hydrological condition of 

the wetland (i.e. flooded or drawdown) determines which species will be 

established in or extirpated from the standing vegetation.  In this illustration the 

wetland is flooded and therefore only species with suitable life history traits can 

become established.  In each of the 12 functional groups displayed the first letter 

signifies life history (A = annual, P = perennial and V = vegetative perennial).  

Dispersal mode is indicated by the second letter (S = soil seed bank and D = 

dispersal dependent) and establishment requirements are specified by the roman 

numerals (I = absence of water, II = presence of water).  (Source: van der Valk, 

1981). 

 

been applied to wetlands including river floodplains (Cronk & Fennessy, 2000; 

Grime, 1979; Menges & Waller, 1983).  This model classifies plant species based 

on response to disturbance, defined here as a process which reduces biomass, and 

stress, which reduces growth rates.  The three major functional groups that result 

include competitive species (C), which have high growth rates and low 

reproductive effort and occur under productive, undisturbed conditions.  Species 

with low growth rates and low reproductive effort are categorised as stress-

tolerant species (S).  Ruderal species (R) include those that are neither competitive 

nor stress-tolerant but have high reproductive effort and fast growth rates and can 
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inhabit productive, disturbed areas.  In river floodplains, whether flooding  

operates as a disturbance or stress depends on the physiological or morphological 

adaptations of plant species (Menges & Waller, 1983) (Figure 1.2).  Stress-

tolerant species in a floodplain therefore include those that survive 

flooding under reduced growth rates.  Alternatively, ruderal species are those 

that avoid flooding stress through life history strategies.  Consequently, 

competitive species will dominate in floodplain areas where disturbance and stress 

associated with flooding are rare. 
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Figure 1.2  Grime’s C-S-R triangle relative to flood frequency and plant adaptations to 

flooding. (Source: Menges and Waller, 1983). 

 

The nature of flooding as a disturbance, or stress, in large river floodplains means 

that vegetation patterns occur not only temporally, but spatially as well, in 

response to flood history.  Differences in frequency and duration of flooding 

across floodplains create complex spatial gradients along which allogenic 

conditions vary, e.g. resource availability and abiotic stresses (Huston, 1994).  

Flood history will also affect the potential of plant communities to respond to 

future floods due to the ‘initial floristic composition’ of locations within the 

gradient (Egler, 1954).  Studies conducted in temperate and tropical floodplains 

frequently describe vegetation zonation on floodplain gradients that are related to 

elevation, distance from channel or flood frequency (Bowman & McDonough, 



Chapter 1.  General Introduction 

 

10
 

1991; Ferreira, 1997; Hughes & Cass, 1997; Hupp & Osterkamp, 1985; Menges, 

1986; Pautou & Arens, 1994; Trebino et al., 1996).  Traditionally, this zonation is 

perceived as a spatial representation of temporal successional phases, varying in 

relation to the time since inundation was last experienced (Gregory et al., 1991; 

Keddy, 2000).  Floods are seen as ‘resetting’ successional progress with early  

successional communities being maintained in frequently flooded zones (Junk et 

al., 1989).  This implies, however, that plant communities in rarely flooded zones 

move towards climax states.   

 

The spatial gradient formed by flood history can alternatively be conceived as one 

in which the dominance of abiotic and biotic processes are in opposition to each 

other (Blom et al., 1990; Lenssen et al., 1999) (Figure 1.3).  Competition will 

therefore be an important determinant of plant community composition in 

infrequently flooded parts of the floodplain (Lenssen et al., 1999; Menges & 

Waller, 1983; Pautou & Arens, 1994).  Conversely, frequently flooded areas 

should favour species which have either physiological or morphological 

adaptations to flooding (stress-tolerators) or, during dry phases, species with life 

history strategies which avoid flooding stress (ruderals) (Pautou & Arens, 1994).   
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Figure 1.3  Diagrammatic representation of a floodplain gradient showing opposing 

dominance of abiotic (e.g. flood tolerance) and biotic (e.g. competition) factors. 

 

In temperate and tropical floodplains, frequently flooded zones are usually 

dominated by hydrophytic species and annual species which quickly complete 

their life cycles between flood pulses (Bren, 1992; Menges, 1986; Trebino et al., 

1996).  Perennial species may then be more abundant in rarely flooded zones 
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(Menges, 1986; Trebino et al., 1996).  While patterns in plant community 

composition and structure can result from a vast array of environmental factors, 

studies of temperate and tropical floodplains suggest that flooding has an 

overriding affect on vegetation dynamics in these habitats (Blom et al., 1990; 

Ferreira, 1997; Ferreira & Stohlgren, 1999; Hughes & Cass, 1997; Hupp & 

Osterkamp, 1985; Menges, 1986; Pautou & Arens, 1994; Trebino et al., 1996; 

Walker et al., 1986). 

 

1.3  Flow Variability and the Ecology of Large Arid Floodplains 

 
In recognition of the pivotal role of flow in river floodplain function, Junk et al. 

(1989) developed the Flood Pulse Concept.  This is a holistic model which treats 

rivers and their floodplains as an integrated system and emphasises the lateral 

exchanges of energy and materials which occur between them.  The Flood Pulse 

Concept diverges from previous models of lotic functioning by focusing on the 

significance of discrete annual flood pulses as opposed to processes associated 

with continuous flow (Junk et al., 1989).  Junk et al. (1989) argue that regular 

annual flood pulses are the primary factor structuring biological populations and 

communities, including vegetation, in river floodplains and that resident biota 

exhibit adaptations to these (Figure 1.4). 

 

A major assumption of the Flood Pulse Concept, also frequently cited as its major 

shortcoming, is that flood pulses need to be predictable, seasonally regular and of 

sufficient duration in order for organisms to exhibit corresponding adaptations 

(Junk et al., 1989; Puckridge et al., 1998; Walker et al., 1995).  In the tropical 

river floodplains from which the Flood Pulse Concept was conceived and in many 

of the large temperate floodplains to which it has been applied, this is often the 

case (Junk et al., 1989).  In large arid river floodplain systems, however, flood 

pulses are comparatively unpredictable and vary dramatically from year to year in 

terms of seasonal timing, duration and size and in some years, may not occur at all 

(Figure 1.5) (Puckridge et al., 1998).  Furthermore, in Australia’s arid regions,  
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hydrological variability tends to increase with catchment size (Finlayson &  

McMahon, 1988) unlike the flow regimes of temperate and tropical regions which 

appear to stabilise with greater catchment area (Junk et al., 1989). 
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Figure 1.4  Diagrammatic representation of the Flood Pulse Concept illustrating five 

snapshots of a floodplain and its vegetation during an annual flood pulse cycle. 

(Adapted from Bayley et al., 1995). 
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Junk et al. (1989) suggest that high flood pulse variability may ‘impede’ the 

development of adaptations amongst river floodplain organisms.  Alternatively, 

Walker et al. (1995) propose that life history strategies such as opportunism and 

flexibility are adaptations to variability and argue that unpredictable flood pulses 

are also critical to the ecological functioning of large dryland river floodplain  

systems.  The variability of a hydrological regime is itself a flow characteristic 

likely to have ecological significance (Puckridge et al., 1998; Walker et al., 1995).  

Consequently, flow should be considered across a range of spatial and temporal 

scales within which it has varying relevance (Table 1.1). 
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Figure 1.5  15 – 25 year hydrographs for six rivers from contrasting climatic regions 

illustrating differing levels of flow variability.  Data is shown in m3s-1 from 1928 

to 1947 for the Amazon (tropical), 1925 to 1944 for the Mekong (tropical), 1928 

to 1947 for the Mississippi (temperate), 1850 to 1869 for the Danube (temperate), 

1974 to 1992 for the Cooper (arid) and 1967 to 1986 for the Diamantina (arid). 

(Data obtained from UNESCO, 1971 after Walker et al., 1995).
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Table 1.1  Spatio-temporal units of flow and their geomorphic and ecological 

significance. (Adapted from Walker et al., 1995). 

 
Feature Scale Process Response 

Hydrologic Geomorphic Biological Space 

(m2) 

Time 

(yr) 

Biological Biological 

       

Flood pulse Microform Organism < 10 00 <1 Life-history 

strategies 

Physiological: 

growth, dispersal, 

reproduction 

Flood 

history 

Mesoform Population, 

Community 

1000 - 

108

1-100 Competition, 

recruitment, 

mortality 

Ecological: 

changes in 

community 

structure 

Flow 

regime 

Macroform Ecosystem > 100 000 >100 Nutrient and 

energy flux 

Evolutionary: life-

history strategies 

 

Under this classification, the flood pulse is significant at the organism level and is 

likely to be the flow characteristic that influences the outcome of life history 

stages such as dispersal and recruitment.  The potential of a river floodplain 

system to respond to flood pulses will be determined by flood history, including 

the frequency of flood pulses, their duration and the length of intervening dry 

periods (Walker et al., 1995).  The presence of mature organisms or propagules 

available to respond to a flood pulse, for example, may be affected by the time 

since inundation was last experienced if drought induces mortality or loss of 

viability.  The longer term ‘statistical generalisation’ of flood pulses is referred to 

as the flow regime (Puckridge et al., 1998) and it is at this scale that flow will 

influence the evolution of floodplain organisms (Walker et al., 1995).  In large 

tropical and temperate floodplains, where flood pulses are predictable and regular, 

adaptations to flow may be quite specific, e.g. reproductive cues involving the 

coupling of temperature and flood pulsing (Junk et al., 1989).  Flexible and 

opportunistic life history strategies, however, are more likely to develop in 

response to highly variable flow regimes (Walker et al., 1995).  Consequently, the 

importance of considering flow under these hierarchical scales is likely to increase 

with hydrological variability. 
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1.4  Aims and Scope of Thesis 
 

1.4.1  Background 

 

Although a substantial number of studies have examined relationships between 

flow and vegetation dynamics in temperate and tropical floodplains (Bowman & 

McDonough, 1991; Ferreira, 1997; Ferreira & Stohlgren, 1999; Hughes & Cass, 

1997; Megonigal et al., 1997; Menges, 1986; Menges & Waller, 1983), very few 

have focused on floodplain vegetation of large arid catchments (Friedel et al., 

1993; Glenn et al., 1998; Higgins et al., 1997; Hughes, 1988).  Of these few, 

attention is often given solely to the woody component of the vegetation even 

though herbaceous vegetation is usually more widely distributed in these areas 

(Higgins et al., 1997).  Consequently, there is a paucity of information regarding 

the role of highly variable flows in the dynamics of floodplain plant communities 

in the world’s arid regions.  Increasing population pressure in many of these areas 

is placing greater demands on water supplies for urban and agricultural uses and 

water resource developments are subsequently being expanded or considered at an 

unprecedented rate (Davies et al., 1994).  Given this limited state of ecological 

knowledge, water resource managers in these regions are currently required to 

make decisions in the absence of information necessary to evaluate the potential 

impacts of these. 

 

This thesis addresses this knowledge gap by investigating the role of flow in the 

floodplain vegetation dynamics of an arid zone river catchment in central 

Australia.  In Australia, the driest inhabited continent, many extensive floodplains 

occur in the arid and semi-arid regions which cover 49 % and 20 % of the country 

respectively (Williams, 1995).  Floodplain vegetation in these ‘dryland’ 

catchments (Walker et al., 1995) is often the most structurally complex in the  

regional landscape (Boyland, 1984; Neldner, 1991) and has high ecological, e.g. 

habitat provision to a diverse array of terrestrial fauna (Morton et al., 1995) and 

socio-economic values, e.g. pasture growth (Edmonston, 2001).  The principal 

aim of this thesis is to examine the influence of flow on the composition and 
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structure of an Australian arid floodplain plant community across a range of 

spatial and temporal scales.  An underlying goal is to identify the potential 

impacts of changes to flow which may occur through water extraction or climate 

change. 

 

1.4.2  Research Questions 

 

Vegetation dynamics of Australia’s large arid floodplains are potentially 

influenced by flow at three major hierarchical spatial and temporal scales (Figure 

1.6).  At the broadest scale, the flow regime may affect the evolution of life 

history traits amongst floodplain plants and therefore determine the greater 

species pool available within the landscape.  Flood history may act to narrow this 

species pool at local spatial scales by affecting the presence of adult individuals 

and propagules.  It follows that the actual composition and structure of an extant 

plant community at any location should finally be determined largely through 

recent flood pulse events.   
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Figure 1.6  Conceptual model illustrating the role of flow in vegetation dynamics at 

different temporal and spatial scales. 
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Due to the variability of flows, the extent to which any of these scales of flow 

actually determine plant community composition and structure in a large arid 

floodplain is uncertain.  Using this conceptual framework, this thesis confronts 

this overall problem by exploring the following principal research questions: 

 

1. How do arid floodplain plant communities respond to disturbance by a flood 

pulse?   

 

2. How are arid floodplain plant communities structured by flood history? 

 

3. Do arid floodplain plant species express life history traits in response to the 

flow regime? 

 

The first and second of these major questions refer respectively to the presence of 

temporal and spatial patterns in plant community composition and structure which 

can be related to flow attributes.  In answering all three questions, it was also 

sought to determine groups of plant species with comparable life history traits that 

exhibit similar responses to flow.  Due to the limited information available 

regarding the majority of species in Australia’s arid zone, this was approached by 

defining groups of species on the basis of their life form and life span (Figure 1.7) 

and investigating the responses of these groups to flow at each spatio-temporal 

scale.  Further resolution was achieved by examining the responses of taxonomic 

groups at the family level within these broader categories.   

 

Throughout the study, species nomenclature followed Henderson (2002) and 

assignation of species to plant groups was achieved using descriptions contained 

in Cunningham et al. (1992).  Trees were excluded from this study due to their 

restricted distribution in Australia’s arid floodplains and the likelihood that trees, 

with their longer life spans, are affected by flow at different temporal and spatial 

scales from herbaceous vegetation (Menges, 1986; Pautou & Arens, 1994).     
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igure 1.7  Definition of plant groups by life form and life span.  Taxonomic divisions at 

 

he third question was additionally explored by asking a suite of more detailed 

. What is the composition of the soil seed bank of an arid floodplain and is this 

 

. How does the soil seed bank contribute to arid floodplain vegetation dynamics 

 

. What are the germination responses to flooding of common arid floodplain 

 

. What are the responses to flooding at other life history stages of common arid 
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F

the family level were considered within these. (Trees were excluded from this 

study as explained in text.) 

T

questions focusing on responses to flow at different life history stages amongst 

these plant groups and within common arid floodplain plant species: 

 

4

structured temporally by a flood pulse or spatially by flood history? 

5

and how is this affected by flow? 

6

plants? 

7

floodplain plants? 
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Based on the outcomes of the study, consideration was also given to the question 

.4.3  Thesis Outline 

 Chapter 2, physical characteristics of Australia’s arid floodplains are described 

t 

 Chapter 5, temporal and spatial patterns in the composition of the soil seed 

pecies 

f 

inally, Chapter 8 provides a synthesis of the thesis, examining the results of the 

of potential impacts on arid floodplain vegetation of anthropogenic alterations to 

flow which may result from water resource development. 

 

1

 
In

and relevant features of the study area presented.  A broad overview of the study 

area’s floristics is also given within this chapter. Chapter 3 presents the results of 

vegetation surveys conducted over a two year period and examines the effects on 

plant community composition and structure of the wetting and drying phases of 

flood pulses which occurred during this time.  The effects of flood history on 

spatial patterns in plant community composition and structure are explored in 

Chapter 4, which gives the results of a large scale survey conducted throughou

the Cooper Creek catchment.   

 

In

bank are described and its contribution to vegetation dynamics evaluated.  

Germination responses to flooding amongst common arid floodplain plant s

are discussed in Chapter 6, which presents experimental data gained from studies 

of both the soil seed bank and propagules collected from the field.  Chapter 7 

gives brief consideration to the effects of flooding on other life history stages o

common arid floodplain plant species, e.g. growth and dispersal.  

 

F

research within the scope of wetland plant community ecology and discussing 

their implications for the management of vegetation communities and water 

resources in large arid floodplains. 
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Chapter 2.   
Physical Characteristics and Floristics of a 

Large Arid Floodplain: Cooper Creek, 

Australia 
 

 

2.1   Location  
 

As the driest inhabited continent, almost two thirds of Australia receives less than 

500 mm average annual rainfall and can therefore be defined as either arid or 

semi-arid (Williams, 1995).  Within this dryland region there are two major 

physiographic provinces; the Western Plateau and the Central Lowlands (Croke, 

1997).  The Western Plateau is the older, drier and more stable of the two and well 

developed drainage networks are mostly absent from this province (Knighton & 

Nanson, 1997).  In the east, however, many large integrated drainage networks are 

contained within the more recent landscape of the Central Lowlands, due partially 

to its proximity to wetter catchments (Knighton & Nanson, 1997).  The Lake Eyre 

and Murray-Darling Basins and the Gulf of Carpentaria make up most of the 

Central Lowlands province and it is within this region that the majority of 

Australia’s large arid floodplains are distributed (Figure 2.1). 

 

The Cooper Creek catchment is one of three major catchments that comprise the 

Lake Eyre Basin, the world’s largest internally draining basin (Figure 2.2).  The 

Basin covers approximately one sixth of the Australian continent and the Cooper 

Creek catchment accounts for almost 300 000 km2 of this.  Rising in the Great 

Dividing Range in northern Queensland, the Cooper Creek drainage network 

terminates in Lake Eyre, South Australia.  The majority of rivers in the Lake Eyre 

Basin, including the Cooper Creek, are ephemeral braided and anastomosing 

channel networks associated with extensive floodplains (Kotwicki, 1987).



Chapter 2.  Physical Characteristics and Floristics of a Large Arid Floodplain 

 

21
 

In the Cooper Creek catchment, floodplains occur throughout the catchment but 

are best developed between Windorah and the South Australian border, where 

channels become constricted.  Beyond this, further large floodplains dissected by 

parallel dunes also occur. Approximately one third of the Cooper Creek catchment 

consists of floodplain soils (Graetz, 1980) and the floodplain spans greater than  

60 km at its widest point.   
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Figure 2.1  Map illustrating major physiographic provinces of Australia; Western 

Plateaux, Eastern Highlands and Central Lowlands.  Major drainage divisions of 

the Central Lowlands are also indicated. (Adapted from Warner, 1988). 
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Figure 2.2  Map of Cooper Creek catchment illustrating major tributaries, towns and the 

Currareva flow gauging station.  Inset shows major catchments of the Lake Eyre 

Basin, including the Cooper Creek catchment. 
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2.2  Physical Characteristics 

 

2.2.1  Climate 

 

Arid regions are defined by the amount of average annual rainfall they receive; 

between 25 mm and 200 mm in truly arid regions and between 200 mm and  

500 mm in semi-arid regions (Davies et al., 1994).  (Hyper-arid regions, absent 

from the Australian continent, are those which receive less than 25 mm average 

annual rainfall (Williams, 1995)).  In addition to having low annual averages, 

rainfall in arid regions commonly has high spatially and temporal variability and 

the majority of it often falls in localised storms of high intensity (Cooke et al., 

1993).  In Australia’s arid regions, annual rainfall is amongst the most variable in 

the world (Finlayson & McMahon, 1988) and periods of high rainfall are thought 

to be related to fluctuations in the SOI (Southern Oscillation Index) and El Nino 

events (Walker et al., 1995).  The bulk of the rainfall reaching Australia’s arid 

regions derives from northern monsoons which occur during the summer months 

(Croke, 1997).   

 

Rainfall in the Cooper Creek catchment is low, seasonal and highly variable.  

Over 70 % of the catchment receives less than 400 mm average annual rainfall 

and the majority of this falls during summer as a result of monsoons and cyclones 

which occur in the Gulf of Carpentaria (Queensland Department of Natural 

Resources, 1998) (Figure 2.3).  Rainfall is patchy and unpredictable both spatially 

and temporally and exhibits substantial annual variation at any location within the 

catchment.  At Longreach, for example, annual rainfall has ranged from 108 mm 

in 1902 to 1 050 mm in 1950 (Queensland Department of Natural Resources, 

1998).   Evaporation rates throughout the Cooper Creek catchment are high and 

humidity is low all year round (Boyland, 1984). 

 

Australia’s arid regions are hot and dry and the highly seasonal temperature 

regime of the Cooper Creek is typical of the surrounding area (Figure 2.4).  

Temperatures are generally at their highest during January and lowest during July.  
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At Windorah, within the Cooper Creek catchment, the maximum temperature 

recorded is 47 °C  and  the lowest, -1.8 °C.  Annual radiation and occurrence of 

bright sunshine in the region are high and are closely related to the temperature 

regime (Boyland, 1984). 
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Figure 2.3  Mean monthly rainfall (mm) at Windorah between 1887 and 2001.                      

(Data supplied by Bureau of Meteorology). 
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Figure 2.4  Mean daily maximum and minimum temperatures (°C) at Windorah between 

1887 and 2001. (Data supplied by Bureau of Meteorology). 
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2.2.2  Hydrology 

 

River catchments in arid and semi-arid regions throughout the world share high 

hydrological variability, a feature contributed to by the unpredictable and patchy 

nature of their rainfall (Davies et al., 1994).  The occurrence of high intensity 

storms in isolated areas which trigger flow in only certain portions of arid 

drainage networks is a further cause of this unpredictability in surface water 

discharge (Graf, 1988).  The mean Cv (coefficient of variation) of annual flows in 

dryland regions is approximately 0.99; particularly high when compared with 

values for humid regions of Europe, Asia and North America which are 

commonly around 0.2 - 0.3 (Davies et al., 1994).  Similarly, flood events in arid 

river catchments are highly unpredictable and variable.  The ratio of the 

recurrence interval of the 100 year flood to the mean annual flood (Q100/Q) for 

arid regions is generally 1.5 times greater than in other climatic regions and is 

often substantially higher in Australia’s arid catchments (Finlayson & McMahon, 

1988). 

 

In the Lake Eyre Basin, mean annual run off is amongst the lowest of anywhere in 

the world (Kotwicki, 1987).  The majority of its rivers are ephemeral, flowing 

only after significant rainfall and often experiencing long periods of no flow.  The 

largest of the Basin’s rivers, the Diamantina River and the Cooper Creek, are 

amongst the planet’s most hydrologically variable rivers (Puckridge et al., 1998).  

In the Cooper Creek catchment at Currareva, total annual discharge fluctuates 

unpredictably between zero flow and huge flood pulses (Figure 2.5).  Twenty-one 

months of no flow occurred between 1951 and 1952 whilst in 1974,  

23 million ML were recorded at Currareva with a highest instantaneous flow of 

over 25 000 m3s-1 a flood peak height of 8.48 m at Windorah (Queensland 

Department of Natural Resources, 1998). 

 

The Cooper Creek catchment is a distributary system and annual discharge tends 

to decrease with increasing distance downstream.  At Currareva, for example, the 

catchment area is almost one half of the total catchment and yet annual discharges  
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are usually lower further downstream of this location (Queensland Department of 

Natural Resources, 1998).  These ‘transmission losses’ occur due to a 

combination of low and patchy rainfall, high evaporation and the low topographic 

gradient of the catchment (Knighton & Nanson, 1997; Queensland Department of 

Natural Resources, 1998).  South of Currareva, run off does not contribute 

significantly to discharge and flows are dispersed widely over the floodplain by 

networks of braided and anastomosing channels (Queensland Department of 

Natural Resources, 1998).   
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Figure 2.5  Annual discharge in millions of ML at Currareva flow gauging station.   

(Data supplied by Queensland Department of Natural Resources). 

 

When large flood pulses occur, this can result in vast areas of floodplain being 

inundated for considerable lengths of time.  In April 1990, a flood pulse occurred 

with a peak discharge of 1 460 000 ML/day and a peak height of 7.95 m which 

resulted in the inundation of almost 26 000 km2 of floodplain south of Windorah 

(Queensland Department of Natural Resources, 1998).  A comparable flood pulse 

also inundated the Cooper Creek floodplain during the course of this study 

(Chapter 3).  Such flood pulses, however, are variable not only in their timing, but 
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also in their size and consequently the spatial distribution of floodwaters can vary 

substantially between events (Figure 2.6).  Due to the catchment’s low topographic 

gradient, the dispersal of surface water may be further influenced by obstructions 

caused by grasses in channels or by wind (S. Schreiber [Queensland Department of 

Natural Resources] 1999, pers. comm.). 

 

a b

dc

a b
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Figure 2.6  Inundation extents on the Cooper Creek floodplain south of Currareva for 4 

different flood events; a. 1985, b. 1986, c. 1990 and d. 1991. (Data supplied by 

Queensland Department of Natural Resources). 
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2.2.3  Geology and Geomorphology  

 

The Cooper Creek catchment lies within the Eromanga Basin, a sub-basin of the 

Great Artesian Basin (Dawson, 1974).  The Great Artesian Basin, occupying a  

large proportion of the Central Lowlands physiographic province (Figure 2.1), has 

been a sink for sediments from the western and eastern provinces since the 

Cretaceous period (Warner, 1988).  From the mid Mesozoic, tectonic activity in  

the area has been minimal and in the early Cretaceous the area formed a shallow 

marine sea (Dawson, 1974).  Later in the Cretaceous period, conditions switched 

from marine to freshwater and further sediments were deposited followed by a 

period of chemical weathering and erosion (Hughes, 1980).  Deep weathering 

continued throughout the Tertiary although a brief episode of further fluvial 

sedimentation occurred early in the period (Boyland, 1984; Hughes, 1980).  

Alluvial sediments have been deposited in thick layers during the Quaternary 

period forming large areas of plains, many of which are associated with the 

floodplains of the major drainage systems, including the Cooper Creek (Dawson, 

1974).  

 

Active alluvial floodplains of clay, silt and fine sand cover a significant proportion 

of the region (Dawson, 1974; Hughes, 1980) and their major geomorphologic 

features include an extremely low topographic gradient and intricate braided 

channel networks (Boyland, 1984).  Greater than 90 % of the Lake Eyre Basin is 

below 500 m in elevation and river gradients throughout the basin are commonly 

less than 0.0002 (Nanson et al., 1988).  The major channels throughout the basin 

are anastomosing with low relief (e.g. < 1 m) with deeper waterholes, some of 

which are permanent, scattered along them (Dawson, 1974).  In the Cooper Creek, 

these anastomosing channels carry low to medium flows and transport sandy 

sediments.  A more extensive second network of braided channels are 

‘superimposed’ on this anastomosing pattern which operate during flood flows 

when the system switches to one dominated by muds (Nanson et al., 1988).  The 

entire region is commonly referred to as the ‘Channel Country’ due to these 

extensive networks of braided and anastomosing channels.  Throughout the 
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floodplains of the Cooper Creek catchment, swamps, waterholes and ephemeral 

lakes of varying size also occur in addition to isolated dunes which protrude from 

the alluvium (Dawson, 1974). 

 

2.2.4  Soils 

 

Soil development in the Cooper Creek and surrounding catchments is linked 

closely to the geology and geomorphology of the region and has been further 

influenced by the climate and drainage history (Dawson & Ahern, 1974).  Of most 

significance to plant life in the region, are the type and percentage of clay in the 

soils (Dawson & Ahern, 1974).  The floodplain soils of the Cooper Creek and its 

neighbouring drainage networks consist predominantly of self-mulching cracking 

clays, mostly grey but with brown clays occupying slightly more elevated 

floodplain areas (Boyland, 1984).  These clays are very deep (Mills & Ahern, 

1980) and when dry, exhibit cracks which may be over 1 m in depth (White, 

2000).  During flooding, these cracks facilitate the rapid absorption of large 

volumes of water which eventually seal, causing infiltration rates to become quite 

low (Dawson & Ahern, 1974).  Floodplain clays may also exhibit gilgai 

microrelief and can develop a weak surface crust (Mills & Ahern, 1980). 

 

In addition to having a high soil water capacity, the floodplain clays of the Cooper 

Creek have a fair to high overall nutrient content (Boyland, 1984).  Phosphorus 

and exchangeable potassium are available in medium to high levels but soil 

nitrogen and organic carbon content are low (Boyland, 1984).  Floodplain clays 

are predominantly alkaline (Dawson & Ahern, 1974). 

 

During dry periods, the surface layers of the floodplain soils may become 

reasonably mobile and are often described as ‘bull dust’ (White, 2000).  Dust 

storms occur regularly in the region and increase in frequency when flooding is 

followed by drought (White, 2000). 
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2.2.5  Herbivory and Land Use 

 

Vegetation of the Cooper Creek catchment has been subjected to grazing by 

native vertebrate fauna, e.g. kangaroos and wallabies, for centuries.  Since the 

advent of European settlement in the region, populations of many of these 

herbivorous species have expanded due to the increased availability of water 

provided by agricultural watering points (Neldner, 1991).  Increased grazing 

pressure resulting from this ‘overpopulation’, in combination with the 

introduction of feral species such as rabbits, is likely to have had some influence 

on vegetation development, although the extent of this is poorly known (Boyland, 

1984; Neldner, 1991).  On the floodplain of the Cooper Creek, however, by far the 

most significant grazing impacts result from the cattle and sheep grazing which 

form the predominant land use of the region.  Beef cattle are the predominant 

stock in the catchment south of Windorah and these are known to selectively 

graze ephemeral grasses and forbs (Neldner, 1991). 

 

Other land uses in the region include mining, mostly for oil, gas and opals, 

hunting and tourism (Boyland, 1984; Queensland Department of Natural 

Resources, 1998).  Several small urban developments are present but the region is 

one of the most sparsely populated in Queensland (Queensland Department of 

Natural Resources, 1998).  Only a limited amount of vegetation clearing has been 

conducted in the catchment and the rivers remain unregulated by dams.  The little 

water extraction that does occur is mainly for stock and domestic purposes 

(Queensland Department of Natural Resources, 1998).  A statutory water 

management plan is also in place which severely restricts future developments 

(Queensland State Government, 2000).  Consequently, the Cooper Creek is 

considered to be currently relatively unthreatened by human activity (Wilson, 

1999) and is often described as one of Australia’s last remaining wild rivers.   
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2.3  Floristics 

 

2.3.1  Plant Species Diversity 

 

The diversity of plant life in the Cooper Creek catchment exhibits many 

similarities to other regions of arid Australia, e.g. Alice Springs and the Simpson 

Desert (Boyland, 1984).  This is particularly evident at the family level with  

Poaceae, Mimosaceae, Fabaceae, Asteraceae and Chenopodiaceae comprising the  

most dominant families, generally accounting for half or greater of the total 

number of species present (Boyland, 1974, 1980, 1984).  The prevalence of 

Chenopodiaceae is especially common in arid regions of Australia and, to a lesser 

degree, the world (Boyland, 1984).  Other families which occur frequently in the 

catchment include Malvaceae, Amaranthaceae and Myoporaceae (Boyland, 1980).  

With regard to vascular plants, very few pteridophytes or gymnosperms have been 

recorded from the region.  These include five ferns and a single gymnosperm in 

south west Queensland which is restricted to dunes in the extreme south west 

(Boyland, 1980).  Information regarding the distribution of thallophytes or 

bryophytes in the region is not provided in any of the major vegetation surveys 

(Boyland, 1984). 

 

The overall floristic diversity of the region is relatively low and species densities 

reported from various vegetation surveys in the area include 1 per 240 km2 in the 

south, 1 per 140 km2 in the north and approximately 1 per 215 km2 for the entire 

region of south west Queensland (Boyland, 1974, 1980).  In general, most 

vegetation surveys in the region have recorded higher total numbers of species 

from floodplain habitats than other land types (Boyland, 1974, 1980, 1984).  Very 

few species, however, are restricted to floodplains in their distribution.  Many 

families present in the region are represented by only 1 genus and a substantial 

number by 1 species (Boyland, 1984).  Only a small number of species, however, 

are endemic to the region, a feature thought to be due its physical similarity to 

adjacent arid areas (Boyland, 1984).  Of the five species restricted to the broader 

region, only one, Crinum pestilentis, occurs in floodplain areas (Boyland, 1984).   
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Amongst the angiosperms recorded in the south west Queensland region, Acacia 

is by far the most commonly occurring genus of trees and shrubs (Boyland, 1984).  

Species belonging to this genus which occupy floodplain habitats in the Cooper 

Creek catchment include A. cambagei (gidgee), A. stenophylla (river cooba) and 

A. tephrina.  Whilst not a well represented genus in the region, Euclayptus spp.  

which do occur, predominantly E. coolabah (coolibah), E. camaldulensis (river  

red gum) and E. ochrophloia (yapunyah), are mainly restricted to floodplain and 

other riparian habitats.  Other common trees and shrubs which are distributed 

throughout the region include Eremophila ssp. and Senna spp. (Boyland, 1984).  

In floodplain areas, dominant shrubs include Chenopodium auricomum 

(Queensland bluebush) and Muehlenbeckia florulenta (lignum). 

 

Grasses are abundant and widespread throughout the region and occur in almost 

all land types with the exception of some salinas and playas (Boyland, 1974, 

1980, 1984).  Annual and perennial species both comprise floodplain pastures and 

the annual grass, Echinochloa turneriana (channel millet), is considered to be a 

particularly valuable fodder for cattle (Mills & Boyland, 1980).  Eragrostis is the 

most diverse grass genus in the region and is represented by both annual species, 

e.g. E. tenellula, and perennial species, e.g. E. eriopoda and E. setifolia, in 

floodplain habitats.  Sporobolus mitchellii (rat’s tail couch) is another frequently 

occurring perennial grass in the region’s floodplains (Edmonston, 2001). 

 

Forbs are also well represented in floodplain habitats and include a diverse array 

of annual ephemeral species.  A large proportion of these belong to the Asteraceae 

family, e.g. Calotis spp., with Brassicaceae and Apiaceae also containing many 

frequently observed ephemeral annual forbs (Boyland, 1984).  Other forbs which 

may be conspicuous in floodplain habitats at times include the legumes Sesbania 

spp. (pea bush), Aeschynomene indica (budda pea) and Trigonella suavissima 

(Cooper clover).  T. suavissima is an annual ephemeral restricted to floodplains in 

the region and is a valuable pasture species following winter floods (Edmonston, 

2001). 
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Annual ephemeral species, which in addition to forbs include some species 

belonging to Poaceae, are considered to be ‘drought evaders’ (Boyland, 1984).  

Other species in the region, particularly trees and shrubs, may exhibit 

physiological traits which enable drought resistance (Boyland, 1984).  Of 

particular note is the common floodplain shrub Muehlenbeckia florulenta  

(lignum), which persists through drought as dormant stems which commence the 

production of leaves and flowers when favourable conditions occur (Roberts & 

Marston, 2000).  In arid regions of other continents, plant adaptations to drought 

usually include succulence or perennating underground organs and species are 

frequently thorny or deciduous (Boyland, 1984).  In Australia, these features are 

not as conspicuous although several plants in the Cooper Creek catchment do 

possess some degree of succulence or underground organs such as bulbs 

(Boyland, 1984).  Succulent species which occur in floodplain habitats, for 

example, include Portulaca spp. and Calandrinia spp., both belonging to 

Portulacaceae.  Species including Crinum pestilentis (Liliaceae) and Boerhavia 

spp. (Nyctaginaceae), also recorded from the Cooper Creek floodplain, can 

regenerate from bulbs (Boyland, 1984). 

 

2.3.2  Plant Community Diversity 

 

The composition and structure of plant communities in the Cooper Creek 

catchment and its surrounding region are closely related to spatial patterns in 

geology, geomorphology, soil type and moisture availability (Boyland, 1974, 

1980, 1984; Neldner, 1991).  Furthermore, plant communities in most land types 

are variable and dynamic, exhibiting shifts in composition depending on seasonal 

or local conditions (Boyland, 1984).  Overall, plant communities are structurally 

simple and are low in both height and foliage projection cover (Boyland, 1984).   

 

The most structurally complex vegetation in the region is primarily restricted to 

the margins of major drainage lines and waterbodies and ranges from open forest 

to low open woodland.  These plant communities are frequently dominated by 

Eucalyptus coolabah often in association with E. camaldulensis.  In eastern areas 
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of the Cooper Creek catchment and in neighbouring catchments, E. ochrophloia 

and Acacia cambagei may also form conspicuous components of the canopy.  The 

understorey of these associations is usually diverse, consisting mainly of grasses 

and forbs.  Approximately 40 % of all species recorded in south west Queensland 

occur in these riparian communities (Boyland, 1984).   

 

Riparian Eucalyptus spp. woodland communities usually comprise narrow bands 

of only several metres in width and decrease in structural complexity with 

distance from channels (Boyland, 1984).  Scattered trees, e.g.  E. coolabah, do 

occur beyond this but the majority of the floodplain consists of short grass and 

forb associations of open herbland to herbland (Boyland, 1974, 1980, 1984).  

Floodplain herblands may be dominated by either grasses or forbs, depending on 

seasonal conditions, but share many common species with the understorey of the 

Eucalyptus woodlands.  Frequently recorded genera within these communities 

include Sclerolaena, Atriplex, Eragrostis and members of the Asteraceae family 

(Boyland, 1984).  At times, homogeneous areas dominated by particular species 

may be delineated within this broader vegetation type, e.g. Sporobolus mitchellii 

open herbland, Iseilema spp. or Dactyloctenium radulans open tussock grassland.  

The broader classification of these communities as herbland is preferred however, 

as these communities contain many annual ephemeral species and are extremely 

variable both spatially and temporally (Boyland, 1984). 

 

Open succulent shrubland also occurs on the floodplain of the Cooper Creek and 

surrounding catchments, usually forming broad associations with both the 

Eucalyptus woodland and herbland communities (Boyland, 1984; Neldner, 1991).  

These communities have generally been found to be less diverse than other 

floodplain vegetation types, although annual ephemeral species similarly comprise 

a significant component of their understorey and many may not have been 

recorded during surveys (Boyland, 1984).  Chenopodium auricomum and 

Muehlenbeckia florulenta comprise the dominant shrub species in these 

communities and can occur either separately or in association with each other.  

Common genera recorded from the understorey of floodplain shrublands include 
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Sclerolaena, Atriplex and Eragrostis and frequently observed species include the 

grass Echinochloa turneriana, the legume Trigonella suavissima and the forb 

Senecio lautus.  Open succulent shrublands may also occur in the region in 

swamps and ephemeral lakes and claypans (Boyland, 1984). 

 

In the Cooper Creek catchment, the floodplain is bordered predominantly by sand  

dunes and sand plains.  These land types typically support communities including 

Triodia (spinifex) hummock grassland and Acacia aneura (mulga) tall open 

shrubland and many of the grass and forb species recorded from these 

communities may also occur in floodplain plant communities at times, e.g. 

Eragrostis ssp., Aristida spp. and members of Fabaceae and Asteraceae (Boyland, 

1984). 
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Chapter 3.   
Effects of Flood Pulses on Plant Community 

Composition and Structure 
 

 

3.1   Introduction  

 

Flood pulses constitute a major form of recurrent disturbance in river floodplain 

ecosystems.  In large temperate and tropical floodplains, annual flood pulse cycles 

of wetting and drying are considered to have an overriding influence on ecological 

pattern and process, a notion formalised by the Flood Pulse Concept (Junk et al., 

1989).  With regard to floodplain vegetation, flood pulses are conventionally 

perceived as ‘resetting’ successional processes (Junk et al., 1989; Trebino et al., 

1996).  Consequently, inundation is seen as promoting the growth of early 

successional or ‘pioneer’ plant species in communities which progress towards 

‘climax’ stages as drying continues (Blom & Voesenek, 1996; Blom et al., 1994; 

Friedman et al., 1996; Junk et al., 1989; Kalliola & Puhakka, 1988).  More 

recently, this plant community change through a flood pulse cycle has been 

considered in terms of suites of plant species which express life history traits 

favouring their growth under different allogenic conditions (Higgins et al., 1997; 

Menges & Waller, 1983; Pautou & Arens, 1994; Walker et al., 1986). 

 

When a flood pulse inundates a floodplain, many changes to plant habitat occur 

which may result in shifting plant community composition and structure (Chapter 

1.2.2).  In response to the stresses associated with inundation, e.g. soil anoxia, 

mature plants can either survive or experience cessation of growth and eventual 

mortality (Blom & Voesenek, 1996).  Plants which are capable of surviving 

flooding in a vegetative state fall into the category of stress-tolerators under 

Grime’s C-S-R model (Grime, 1979; Menges & Waller, 1983).  In floodplains, 

these might include slow-growing perennial sedges such as Carex spp.  
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(Menges & Waller, 1983).  Propagules, derived from the local soil seed bank, 

local seed fall or arriving via hydrochory, may also germinate in response to 

changing hydrological conditions (Baskin & Baskin, 1998; Leck, 1989; Pautou & 

Arens, 1994).  Stress-tolerators may germinate during inundation whilst other 

species may germinate following floodwater recession (Pautou & Arens, 1994).  

Many of the species belonging to this latter group might be considered ruderal 

species under Grime’s scheme, which are able to rapidly complete their life cycles 

between flood events, e.g. annuals forbs and grasses (Menges & Waller, 1983).  

Following this scheme, competitive species are likely to become dominant during 

drying phases of the flood pulse cycle. 

 

The response of a local plant community to wetting and drying phases of a flood 

pulse cycle will be dependent on its ‘initial floristic composition’ (Egler, 1954).  

In large floodplains, this is likely to be closely related to the flood history of a site, 

e.g. the time since last flood pulse disturbance.  Frequently flooded zones, for 

instance, are likely to contain more stress-tolerant adults or a greater number of 

ruderal species residing in the soil seed bank which have the potential to respond 

to future inundation events (Menges & Waller, 1983).  Conversely, adult plants 

and propagules of competitive species may occur more frequently in rarely 

flooded zones.   

 

Many studies have investigated relationships between flow and plant community 

composition and structure in temperate and tropical floodplains, though the 

majority of these focus on tree species (Bowman & McDonough, 1991; Ferreira, 

1997; Ferreira & Stohlgren, 1999; Kalliola & Puhakka, 1988; Megonigal et al., 

1997; Menges, 1986; Pautou & Arens, 1994; Trebino et al., 1996).  Consequently, 

most of these studies provide a ‘snap-shot’ of floodplain vegetation on spatial 

gradients of flood frequency or duration and from this infer temporal processes 

(Friedman et al., 1996; Hughes & Cass, 1997).  Comparatively, few studies have 

examined similar relationships for large arid floodplains where flood pulse cycles 

are relatively unpredictable (Higgins et al., 1997; Hughes, 1988).  In arid 

floodplains, characterised by extremely low rainfall, drought forms an 
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additional disturbance which may play a role in structuring floodplain vegetation.  

It could be expected, therefore, that suites of species which are stress-tolerant to 

drought are also present in arid floodplain plant communities.  Furthermore, some 

species may be considered to be drought ruderals if they germinate in response to 

rainfall during dry phases of a flood pulse cycle and quickly reach reproductive 

maturity.   

 

In this chapter, plant community responses to the wetting and drying phases of a 

flood pulse cycle in a large arid floodplain are examined.  Results are presented 

from five field surveys spanning a 19 month period which included major and 

minor inundation events and intervening periods of drought.  Sites were 

investigated across a broad spatial gradient chosen to be representative of three 

different flood histories.  The specific questions addressed in this chapter include: 

 

1. How does plant community composition and structure in an arid floodplain 

change in response to wetting and drying phases of a flood pulse cycle? 

 

2. Do major plant groups, e.g. Annual Monocots, Shrubs etc., and taxonomic 

divisions within these (Figure 1.7), respond predictably to either wetting or 

drying phases of a flood pulse cycle? 

 

3. Does flood history influence plant community response to wetting and drying 

phases of a flood pulse cycle? 

 

3.2  Methods 

 

3.2.1  Study Sites 

 

The field surveys were conducted on the Cooper Creek floodplain in the vicinity 

of Windorah (Figure 3.1).  Due to the lack of detailed hydrological data 

(Queensland Department of Natural Resources, 1998), landholders were consulted  

in order to identify broad locations possessing different flood histories.   
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A Near Channel zone was selected which represented areas receiving inundation 

approximately 1 in every 2 years.  A Mid Floodplain zone included areas 

inundated approximately 1 in every 5 years and areas which were inundated 1 in 

every 10 years or less were designated the Far Floodplain zone.  Twelve sites 

were selected in total with 4 sites in each of the 3 different flood history zones.  

Each site consisted of a 50 m x 50 m quadrat.  Short grass and forb associations 

were the predominant vegetation type in all sites.  Chenopodium auricomum and 

Muehlenbeckia florulenta open shrubland was also present in some sites.  Except 

for sparsely scattered Eucalyptus coolabah across the floodplain, trees were 

absent.  All sites were subjected to cattle grazing throughout the survey period. 

 

Windorah

Near Channel Zone

Mid Floodplain Zone

Far Floodplain Zone
Windorah

Near Channel Zone

Mid Floodplain Zone

Far Floodplain Zone

 

 

Figure 3.1  Map showing approximate location of study sites within broad                 

flood history zones. 
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3.2.2  Data Collection 

 

Field surveys were conducted at each site five times over a 19 month period from 

early 2000 to late 2001 (Figure 3.2).  Conditions preceding the first survey in  

February 2000 were reasonably wet as a small flood occurred in late 1999.  

Between the first and second surveys, a large flood event occurred which 

inundated all sites.  A smaller flood event also occurred prior to the fourth survey 

which inundated Near Channel and Mid Floodplain sites only but with 

substantially less depth and duration.  Very little rainfall or flow occurred during 

the winter months of either year and at the time of both October surveys, the 

catchment was considered to be in a state of drought. 
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Figure 3.2  Total monthly discharge (millions of ML) at Longreach (top) and total 
monthly rainfall (mm) (bottom) during the survey period.  Survey times are 
indicated by arrows and numerals: 1. February 2000, 2. May 2000, 3. October 
2000, 4. May 2001 and 5. October 2001. 
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During each field survey, ten 1 m x 1 m quadrats were randomly selected from 

within the 50 m x 50 m quadrats delineating each site.  Where E. coolabah trees 

occurred within a site, care was take to position the 1 m x 1 m quadrats beyond  

the area directly influenced by the canopy.  The percentage cover of each plant 

species (excluding trees) within the 1 m x 1 m quadrats was then recorded. 

 

3.2.3  Data Analysis 

 

Patterns in plant community data from all sites were initially explored using 

multivariate techniques in PATN (Belbin, 1995).  A matrix of species presence/ 

absence at each site for each survey time was used to calculate Bray Curtis 

measures of dissimilarity between data points.  An ordination in 3 dimensions was 

then calculated using the Semi-Strong Hybrid multidimensional scaling (SSH) 

routine with default options selected in all instances.  Mean Bray Curtis 

dissimilarity measures between sites for each survey time were also calculated and 

a one-way Analysis of Variance (ANOVA) conducted to determine if sites were 

more similar to each other at any time. 

 

As presence/ absence data provides no information on the extent of cover and 

does not distinguish between more complex attributes of plant community 

structure, further univariate analysis was conducted in the SPSS statistical 

package (SPSS, 2001).  Prior to these analyses, an index of cover was calculated 

for each species at each site for each survey time by summing the cover 

percentages recorded in all ten 1 m x 1m quadrats.  Species were also assigned to 

major plant groups based on their life form and life span (Figure 1.7).  Cover 

indices were then calculated for each of these plant groups by summing those 

belonging to the relevant species.  This was also done at the family level within 

each major plant group.  Where the sum of all cover indices for a family within a 

major plant group was less than 1000 it was excluded from analysis.  An index of 

total cover was calculated from the cumulative total of all cover percentages 

within a site at each survey time.  The use of cover indices was necessary to avoid 

working with percentages greater than 100 resulting from vertically overlapping  
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plant layers within each plant group.  Prior to univariate analysis, cover indices 

were all log transformed, [log10(x+1)], in order to reduce the heteroscedasticity of 

the data and meet the assumption of ANOVA (Zar, 1999).     

 

Two-way ANOVAs were performed on transformed cover indices for total cover, 

each major plant group and families within these using flood history zone (e.g. 

Near Channel, Mid Floodplain and Far Floodplain) and survey time (1 - 5) as 

factors.  Due to the difference in wetting and drying received between sites of 

each zone, highly significant interaction terms were observed in the majority of 

cases (Appendix 1).  Subsequently, one-way ANOVAs were conducted for sites 

from each zone using time as the factor.  Tukey’s b post hoc test was used to 

determine which means differed significantly.  Similar analyses were conducted 

for species richness. 

 

3.3  Results 

 

3.3.1  General Floristics 

 

In total, 82 species belonging to 31 families were recorded with at least 1 species 

occurring in each of the major plant groups (Figure 1.7) (Appendix 2).  At all 

survey times, the Annual Monocot plant group, including the Cyperaceae and 

Poaceae families, and the Perennial Monocot, dominated by Poaceae, were the 

most common components of the vegetation.  Dominant species in the Annual 

Monocot group included members of the Poaceae such as Echinochloa turneriana 

(Channel millet) and Iseilema spp. (Flinders grass).  Perennial Monocots were 

also dominated by the Poaceae with Eragrostis spp. and Sporobolus spp. recorded 

frequently.  The Perennial Forb, Marsilea drummondii (nardoo), was widespread 

across all sites at each survey time as were members of Goodeniaceae.  Common 

Annual Forbs included members of the Asteraceae, Amaranthaceae, Apiaceae and 

Fabaceae families.  The Shrub plant group, consisting of Chenopodium 

auricomum (Chenopodiaceae) and Muehlenbeckia florulenta (Polygonaceae), was 

recorded predominantly from Mid Floodplain sites.  Atriplex spp. and  
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Sclerolaena spp., belonging to Chenopodiaceae in the Perennial Sub-shrub plant 

group, were also frequently recorded.     

 

3.3.2  Effects of Wetting and Drying on Plant Community Composition 

 

Plant communities at all sites exhibited substantial shifts in composition 

throughout the survey time, illustrated by the ordination of species presence/ 

absence (Figure 3.3).  Sample points within the ordination space separated broadly 

with relation to wet and dry survey times, indicating shifts in plant community 

composition relative to these conditions.  The lower right diagonal portion of the 

ordination space, for example, contains sites from all locations following the two 

periods of drought and the Far Floodplain sites from the fourth survey time when 

inundation had only occurred in the Near Channel and Mid Floodplain zones. 

 

The trajectories of sites within the ordination space suggest that sites from all 

flood history zones responded similarly to wetting and drying phases of the flood 

pulse cycle.  Sites from the Near Channel and Mid Floodplain zones, which both 

received similar wetting and drying treatments throughout the survey period, 

mimic each other in their movement through the ordination space.  The Far 

Floodplain sites, however, which were not inundated in 2001, follow similar 

trajectories until the fourth survey time when they diverge from sites belonging to 

the other zones.   

 

Across the flood history gradient, sites also appear to become more similar to each 

after receiving similar wetting and drying treatments.  Analysis of Bray Curtis 

dissimilarity measures between sites at each survey time shows that this trend is 

statistically significant (F 4, 325 = 29.408 , p < 0.001 ) (Table 3.1).  Consequently, 

sites were most divergent from each other at the fourth survey time when Near 

Channel and Mid Floodplain sites had experienced wetting and Far Floodplain 

sites had experienced prolonged drying. 
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Table 3.1  Mean (+/- standard error) Bray Curtis dissimilarity measures between sites at 

each survey time showing homogenous subsets determined by Tukey’s b post hoc 

tests (p < 0.05). 

 
Survey Time  Mean Bray-Curtis Distance Homogenous Subset 
1. February 2000  0.475202 +/- 0.018231 b 
2. May 2000 0.348648 +/- 0.014613 a 
3. October 2000 0.391385 +/- 0.014469 a 
4. May 2001 0.605942 +/- 0.023233 c 
5. October 2001 0.458450+/- 0.018543 b 

 

 

3.3.3  Effects of Wetting and Drying on Total Cover and Species Richness 

 

Total cover and species richness both exhibited significant (p < 0.05) changes 

with survey time although this differed with flood history (Table 3.2).  Total cover 

increased significantly following wetting phases and decreased significantly with 

drying in sites from all flood history zones with the exception of the Far 

Floodplain zone where total cover tended to increase with prolonged drying 

(Figure 3.4). 
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Figure 3.4  Changes in the mean total cover index (+/- standard error) for sites in each 

flood history zone over the survey period. 
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Table 3.2  Effects of survey time on total cover (transformed) and species richness within 

each flood history zone.  Results of ANOVA showing homogeneous subsets 

determined by Tukey’s b post hoc tests (p < 0.05). 

   
Source DF SS Mean 

Square 
F 

Value 
Sig. Homogeneous 

subsets for Survey 
Time 

      1 2 3 4 5 

Total Cover           
i) Near Channel           
Between Groups 4 0.329 0.082 21.116 <0.000 b c a b a 
Within Groups 15 0.058 0.004        
Total 19 0.387         
ii) Mid Floodplain           
Between Groups 4 0.485 0.121 19.971 <0.001 b c a b a 
Within Groups 15 0.091 0.006        
Total 19 0.576         
iii) Far Floodplain           
Between Groups 4 0.254 0.063 32.588 <0.001 b c a a a 
Within Groups 15 0.029 0.002        
Total 19 0.283         
           
Species Richness           
i) Near Channel           
Between Groups 4 133.7 33.425 11.526 <0.001 c bc a a ab 
Within Groups 15 43.50 2.900        
Total 19 177.2         
ii) Mid Floodplain           
Between Groups 4 62.30 15.575 3.526 0.032 a a a a a 
Within Groups 15 66.25 4.417        
Total 19 128.55         
iii) Far Floodplain           
Between Groups 4 216.8 54.200 5.026 0.009 ab b ab a a 
Within Groups 15 161.75 10.783        
Total 19 378.55         
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Changes in species richness did not clearly relate to wetting and drying phases 

during the survey period (Figure 3.5).  However, there was a trend for higher 

species richness during the first two survey times (Table 3.2), which may be due 

to the wetter conditions experienced preceding and during these surveys.  This 

was significant for the Near Channel and Far Floodplain sites. 
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Figure 3.5  Changes in the mean species richness (+/- standard error) for sites in each 

flood history zone over the survey period. 

 

3.3.4  Effects of Wetting and Drying on Plant Groups 

 

The majority of the predefined plant groups exhibited significant (p < 0.05) 

changes in cover during the survey period for at least one flood history zone, 

although these did not all clearly related to wetting and drying phases (Table 3.3).  

The Shrub plant group, which consisted of Chenopodium auricomum 

(Chenopodiaceae) and Muehlenbeckia florulenta (Polygonaceae), exhibited 

highest cover in sites from the Mid Floodplain zone.  Although shrub cover 

appeared to decrease substantially in these sites following the major flood event, 

no significant changes were detected in any flood history zone during the survey 

period ( Figure 3.6a, Table 3.3). 
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The Annual Sub-shrub plant group comprised a single species, Salsola kali 

(Chenopodiaceae).  Cover in this species was significantly higher in the first 

survey time in all flood history zones, decreasing significantly following the 

major flood event and remaining low throughout the following survey times 

(Figure 3.6b, Table 3.3).  Conversely, cover of Perennial Sub-shrubs, also  

consisting of solely of Chenopodiaceae, tended to increase following the major 

flood event, significantly in Mid Floodplain sites (Figure 3.6c, Table 3.3). 

 

Species belonging to the Cyperaceae and Poaceae families were present in both 

the Annual Monocot and Perennial Monocot plant groups.  Cover of Cyperaceae 

in the Annual Monocot plant group tended to increase following wetting phases 

and decrease with drying phases (Figure 3.6d).  This was a significant trend in 

Near Channel sites (Figure 3.6d, Table 3.3).  The cover of Poaceae in the Annual 

Monocot plant group appeared to follow this trend of increasing with wetting and 

decreasing with drying, although this was only significant in Far Floodplain sites 

(Figure 3.6e, Table 3.3).  Similarly, in the Perennial Monocot plant group, cover 

of Poaceae increased with wetting and decreased with drying in the Near Channel 

and Mid Floodplain sites (Figure 3.6f, Table 3.3).  In Far Floodplain sites, 

however, cover significantly decreased following flooding and increased with 

drying. Cyperaceae belonging to the Perennial Monocot plant group did not form 

a common component of the vegetation and was excluded from the analysis.   

 

In the Annual Forb plant group, the four families which contributed substantially 

to the vegetation all exhibited significant cover changes during the survey period.  

Amaranthaceae cover, which was highest in the Near Channel sites, tended to 

increase in cover following the major flood event and decline over the fourth and 

fifth survey times (Figure 3.6g, Table 3.3).  A similar trend was apparent in 

Apiaceae cover although this was highest in Mid Floodplain sites and began to 

decline from the third survey time (Figure 3.6h, Table 3.3).  In Asteraceae, a 

strong trend was apparent for high cover during the October surveys in both years 

with the exception of Near Channel sites in 2000 (Figure 3.6i, Table 3.3).  
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Fabaceae cover increased significantly in Mid Floodplain sites after the major 

flood and decreased at all locations during the subsequent survey times (Figure 

3.6j, Table 3.3).  

 

Goodeniaceae and Marsileaceae were the only commonly occurring families 

belonging to the Perennial Forb plant group and these both exhibited significant 

changes over the survey period.  At all times, cover in Marsileaceae was highest  

in the Near Channel sites and lowest in Far Floodplain sites (Figure 3.6k).  

Marsileaceae cover tended to increase with wetting and decrease with drying at all 

locations, although this was only significant in Near Channel sites (Figure 3.6k, 

Table 3.3).  Goodeniaceae appeared to have lower cover in the final three surveys 

which was a significant trend in Far Floodplain sites (Figure 3.6l, Table 3.3). 

 

Table 3.3  Effects of survey time on transformed cover indices for families in major plant 

groups within each flood history zone.  F statistics obtained from ANOVAs and  

homogeneous subsets determined by Tukey’s b post hoc tests (p < 0.05).   

 

 

Plant Groups F value

(DF = 4, 15)

Sig. Homogeneous subsets for  
Survey Time 

   1 2 3 4 5 

i) Shrubs        
Near Channel 1.447 0.267 a a a a a 
Mid Floodplain 1.246 0.334 a a a a a 
Far Floodplain 1.429 0.272 a a a a a 
ii) Annual Sub-shrubs        
Chenopodiaceae        
Near Channel 45.332 <0.001 b a a a a 
Mid Floodplain 13.514 <0.0001 b a a a a 
Far Floodplain 5.602 0.006 b a a a a 
iii) Perennial Sub-shrubs        
Chenopodiaceae        
Near Channel 0.317 0.862 a a a a a 
Mid Floodplain 6.116 0.004 a a b b b 
Far Floodplain 2.122 0.128 a a a a a 
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Plant Groups F value

(DF = 4, 15)

Sig. Homogeneous subsets for  
Survey Time 

   1 2 3 4 5 

iv) Annual Monocots        
Cyperaceae        
Near Channel 10.119 <0.001 a c ab bc ab 
Mid Floodplain 14.175 <0.001 b b a a a 
Far Floodplain 9.912 <0.001 b b a a a 
Poaceae        
Near Channel 14.190 <0.001 a a a a b 
Mid Floodplain 3.049 0.050 a a a a a 
Far Floodplain 4.299 0.016 ab b ab a a 
v) Perennial Monocots        
Poaceae        
Near Channel 4.583 0.013 ab ab a b b 
Mid Floodplain 3.587 0.030 ab b a ab ab 
Far Floodplain 4.492 0.014 b ab a b b 
vi) Annual Forbs        
Amaranthaceae        
Near Channel 5.093 0.009 a ab b ab b 
Mid Floodplain 4.004 0.021 a b b ab ab 
Far Floodplain 2.996 0.053 a a a a a 
Apiaceae        
Near Channel 43.530 <0.001 a b b a a 
Mid Floodplain 20.081 <0.001 a b b a a 
Far Floodplain 49.680 <0.001 a b b a a 
Asteraceae        
Near Channel 29.685 <0.001 a a a a b 
Mid Floodplain 253.610 <0.001 a a b a b 
Far Floodplain 17.810 <0.001 a a b a b 
Fabaceae        
Near Channel 11.838 <0.001 b b a a a 
Mid Floodplain 20.649 <0.001 bc c b a a 
Far Floodplain 6.482 0.003 b b ab a a 
vii) Perennial Forbs        
Marsileaceae        
Near Channel 5.775 0.005 a c abc bc ab 
Mid Floodplain 3.683 0.028 a a a a a 
Far Floodplain 3.277 0.041 c c c a b 
Goodeniaceae        
Near Channel 2.644 0.075 a a a a a 
Mid Floodplain 2.027 0.142 a a a a a 
Far Floodplain 42.354 <0.001 c c c a b 
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Figure 3.6  Changes in the mean untransformed cover index (+/- standard error) of plant 

groups mentioned in the text for sites in each flood history zone over the survey 

period. (■ = Near Channel sites, ● = Mid Floodplain sites and ▲ = Far 

Floodplain sites). 
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3.4  Discussion 

 

3.4.1  Plant Community Responses to Wetting and Drying 

 

The plant communities of the Cooper Creek floodplain surveyed during this study 

all exhibited significant changes in composition and structure in response to the 

wetting and drying phases of the flood pulses which occurred.  In general, plant 

community responses to wetting appeared to be the inverse of responses to drying.  

Consequently, plant communities of different composition and structure were 

present under these contrasting conditions.  This is most clearly demonstrated by 

the separation of sites surveyed following wetting from those surveyed following 

drying in the species presence/ absence ordination (Figure 3.3)  

 

Previous studies of floodplain vegetation describe high levels of productivity in 

plant communities following inundation (Bayley, 1995; Insausti et al., 1999).  In 

plant communities of the Cooper Creek floodplain, wetting also appears to result 

in substantial increases in total cover.  This response was much greater following 

the large flood event suggesting that the scale of plant community response is 

likely to be influenced by flood pulse attributes such as duration.  Although the 

observed increase in total cover induced by wetting was not accompanied by 

increased diversity, species richness was generally higher under the wetter 

conditions of the first two surveys.  It is likely, however, that comparable numbers 

of species are present in the greater landscape species pool which are able to 

survive in wet conditions as dry. 

 

Wetting phases in the Cooper Creek floodplain also tended to result in increased 

cover in the Annual Monocot plant group in both the Cyperaceae and Poaceae 

families and in the Poaceae family of the Perennial Monocot plant group, although 

this latter pattern was not apparent in the Far Floodplain zone.  Similar trends in 

grass productivity and abundance have been observed in other studies (Insausti et 

al., 1999).  Increases in cover in the Perennial Forb family Marsileaceae were also 

consistently related to wetting.  Common Annual Forb families, including  
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Amaranthaceae, Apiaceae and Fabaceae, all exhibited significant increases in 

cover following the large flood event though this was not observed following 

minor inundation.  Again, this suggests that different responses may be induced 

by flood pulses of varying size.  Similarly, Shrub cover appeared to decline 

following the major but not the minor flood. 

 

Drying phases during the survey period resulted conversely in reduced total cover, 

cover in the Annual Monocot and Perennial Monocot plant groups and in the 

Marsileaceae family belonging to the Perennial Forb plant group.  Sites from the 

Far Floodplain zone formed the exception where both total cover and cover of 

Poaceae in the Perennial Monocot plant group increased with prolonged drying 

over the final survey times.  This observation may indicate the presence within 

this rarely flooded zone of greater numbers of species, particularly perennial 

grasses, which are favoured by dry conditions.  Cover in the Asteraceae family of 

the Annual Forb plant group was also significantly higher during the drying 

phases of the survey.  However, this is likely to be due to the germination 

response of these species to winter temperatures (Cunningham et al., 1992) rather 

than drying phases of flood pulse cycles. 

 

3.4.2  Plant Group Responses to Wetting and Drying 

 

Under Grime’s C-S-R scheme, ruderal species are those with fast growth rates and 

high reproductive capacity which inhabit productive, disturbed habitats (Grime, 

1979).  In an arid floodplain, ruderals would therefore include annual species 

which germinate in response to the wetter conditions following floodwater 

recession and complete their life cycles quickly before stresses associated with 

further inundation or drought are encountered.  Many of the plant groups recorded 

during this survey appear to behave as ruderals including the Amaranthaceae, 

Apiaceae and Fabaceae families belonging to the Annual Forb plant group and the 

Cyperaceae and Poaceae families in the Annual Monocot plant group.  These 

plant groups all exhibited significant increases in cover following the major flood 

event and declined substantially with drying.  As is the case with many other  
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floodplain annuals, it is likely that species belonging to these groups maintain 

large, persistent soil seed banks and persist for the majority of the time as 

propagules which have flood pulse cues for germination (Brock & Rogers, 1998; 

Leck, 1989).  In the Annual Forb families, these cues are likely to include flood 

pulse duration as increases in cover did not occur in response to the minor flood. 

 

As individual plants were not monitored during this survey, it is difficult to 

identify which plant groups fall under the category of stress-tolerators.  However, 

Marsilea drummondii, the sole member of the Marsileaceae family in the 

Perennial Forb plant group is known to be flood tolerant (Cunningham et al., 

1992).  Its increases in cover associated with wetting phases in this survey suggest 

that growth and germination in this species may also be promoted by flooding.  

Shrubs observed in the Mid Floodplain zone, including Muehlenbeckia florulenta 

and Chenopodium auricomum, are also considered to possess some degree of 

flood tolerance (Cunningham et al., 1992).  Accordingly, this plant group did not 

appear to be affected by the minor flood although Shrub cover did decline 

following the major flood.  Flood tolerance in these species may therefore be 

limited under lengthy or deep inundation. 

 

Changes in cover in the Poaceae family in the Perennial Monocot plant group 

indicate probable flood tolerance in many of these species as described by other 

studies (Insausti et al., 1999; Trebino et al., 1996).  In the Near Channel and Mid 

Floodplain sites, for example, perennial grasses increased in cover following 

wetting.  In the Far Floodplain sites, however, where perennial grass cover was 

greatest, cover declined following flooding and increased with prolonged drying.  

Some species belonging to this plant group in this location may therefore behave 

more as stress-tolerators to drought conditions or as competitors which are 

favoured by drying.  The Perennial Sub-shrub plant group, within which cover 

generally increased with drying, may also be considered drought-tolerators or 

competitors. 
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3.4.3  Effects of Flood History on Plant Community Responses 

 

Overall, wetting and drying phases of the flood pulse cycles which occurred 

during the survey period appeared to have similar effects on plant community 

composition and structure regardless of a site’s flood history.  In the ordination of 

species presence/ absence (Figure 3.3), sites follow similar trajectories where 

equivalent wetting and drying treatments were received.  Consequently, at the 

fourth survey time, when wetting had only occurred in the Near Channel and Mid 

Floodplain zone, the composition of Far Floodplain sites diverged under 

conditions of prolonged drying. 

 

In this study, as in others (Trebino et al., 1996), the major differences in plant 

community responses between flood history zones tended to be related to the 

‘initial floristic composition’ (Egler, 1954) of sites at the commencement of the 

survey period.  For example, declining cover in Chenopodiaceae belonging to the 

Shrub plant group was observed only in the Mid Floodplain sites from which this 

group was predominantly recorded.  This distribution may reflect the capacity of 

this plant group to survive minor but not major flooding.  Poaceae in the Perennial 

Monocot plant group also exhibited different responses in Far Floodplain sites 

from those in the other flood history zones.  As perennial grass cover was highest 

in the Far Floodplain zone at all times, it is possible that in these sites this plant 

group included some species not abundant in other zones which are favoured by 

dry, rather than wet, conditions.   

 

Across the flood history gradient, the large flood resulted in greater similarity in 

plant community composition between sites (Figure 3.3, Table 3.1).  It is possible 

that plant community composition between flood history zones could eventually 

converge if equivalent wetting and drying treatments were consistently received 

across the floodplain.  Flood pulses of variable size and duration are therefore 

likely to be important in maintaining a heterogeneous mosaic of plant 

communities of differing composition and structure throughout the floodplain 

landscape.   
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Chapter 4. 

Effects of Flood History on Plant Community 


Composition and Structure 


4.1 Introduction 

Vegetation zonation occurs in many temperate and tropical floodplains, usually 

along gradients of elevation or distance from a channel upon which flood history 

(i.e. flood pulse frequency, depth or duration) differs (Bowman & McDonough, 

1991; Ferreira, 1997; Hughes & Cass, 1997; Hupp & Osterkamp, 1985; Menges, 

1986; Pautou & Arens, 1994; Trebino et al., 1996).  Traditionally, this zonation is 

perceived as a spatial representation of successional ‘seres’ which progressively 

develop towards ‘climax’ communities as time since inundation increases 

(Gregory et al., 1991; Junk et al., 1989; Keddy, 2000).  Under this model, early 

successional communities are seen as being maintained in dynamic equilibrium in 

frequently flooded zones (Junk et al., 1989). 

Flood history can alternatively be perceived as creating complex spatial gradients 

of varying allogenic conditions, including plant habitat resources (e.g. moisture 

availability) and abiotic stresses (e.g. soil anoxia) (Huston, 1994).  The occurrence 

of plant communities of predictable composition and structure along flood history 

gradients (Junk et al., 1989) therefore reflects the life history traits of species with 

respect to these factors.  In frequently flooded zones, plant community 

composition is thought to be determined predominantly by abiotic factors and is 

usually dominated by hydrophytic species which exhibit flood tolerance or annual 

species which can quickly complete their life cycles between inundation events 

(Bren, 1992; Menges, 1986; Trebino et al., 1996).  Biotic factors (e.g. competitive 

exclusion) have been found to be more important in zones which are rarely 

inundated (Blom et al., 1990; Lenssen et al., 1999).  Following Grimes’ C-S-R  
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scheme (Grime, 1979), frequently flooded zones therefore favour stress tolerators 

(S) and ruderals (R) while competitors (C) dominate in infrequently flooded zones 

(Menges & Waller, 1983). 

The ‘intermediate disturbance hypothesis’ predicts that, within a gradient of 

disturbance intensity, maximum species richness should occur where intermediate 

levels of disturbance are experienced (Connell, 1978).  Support for this hypothesis 

has been found in several studies of riparian vegetation that have examined 

patterns of species diversity in relation to disturbance gradients such as flood 

frequency (Pollock et al., 1998; Bornette & Amoros, 1996; Wilson & Keddy, 

1988; Robertson et al., 1978). Consequently, in large floodplains, areas subjected 

to medium flood frequency could be expected to have greater numbers of plant 

species than adjacent high and low flood frequency zones.   

Many factors can potentially contribute to spatial variation in plant community 

composition and structure (e.g. soil type, local rainfall etc.).  In temperate and 

tropical floodplains, however, where flood pulses are often annual, flow has been 

found to have an overriding influence at the landscape scale (Hughes & Cass, 

1997; Menges, 1986; Pautou & Arens, 1994).  Unlike temperate and tropical 

floodplains, large arid floodplains rarely receive regular flood pulses, their salient 

feature being hydrological variability (Puckridge et al., 1998; Walker et al., 1995).  

Given this high level of variability, it might be expected that factors other than 

flow may be more important in determining spatial variation in plant community 

composition and structure in an arid floodplain landscape.   

Whilst flow-related spatial gradients are well described for both woody and 

herbaceous vegetation in many temperate (Blom et al., 1990; Menges, 1986; 

Pautou & Arens, 1994; Robertson et al., 1978; Trebino et al., 1996) and tropical 

floodplains (Bowman & McDonough, 1991; Ferreira, 1997; Ferreira & Stohlgren, 

1999), few studies have explored the occurrence of similar patterns in arid regions 

(Higgins et al., 1997; Hughes, 1988).  Consequently, the role of flood history in  
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determining plant community composition and structure in hydrologically 

variable arid floodplains is poorly understood.     

In chapter 3, the effects of flood pulses on short term changes in plant community 

composition and structure in the arid floodplain of the Cooper Creek were 

investigated.  This chapter seeks to establish if and how these plant community 

responses to wetting and drying phases of flood pulses contribute to large scale 

spatial patterns over time, given the extreme variability of flow.  It was 

additionally sought to compare flow-related patterns with those described for 

temperate and tropical floodplains.  Results are presented from a survey of plant 

communities within three broad flood frequency zones along a longitudinal 

gradient stretching over 300 km.    

This survey was designed to address the following questions: 

1. 	 Does plant community composition and structure in a large arid floodplain 

vary predictably on a flood history gradient? 

2. 	 Do major plant groups, e.g. Annual Monocot, Shrubs etc., and taxonomic 

divisions within these (Figure 1.7), exhibit spatial distributions in relation to 

flood history and are these related to their responses to flood pulse wetting and 

drying as observed in Chapter 3? 

4.2 Methods

4.2.1 Study Sites 

The field survey was conducted on the Cooper Creek floodplain between the 

confluence of the Thomson and Barcoo Rivers and the border of Queensland and 

South Australia (Figure 4.1).  Three broad flood frequency zones were delineated 

using maps of inundation extents of four flood events of different magnitudes 

obtained from the Queensland Department of Natural Resources (Table 4.1).  
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These maps were created from spectral analyses of Landsat TM imagery.  For the 

purposes of this study, floodplain areas which were inundated by all four events 

were classified as a high flood frequency zone.  Areas which were inundated by 

the three larger events, i.e. 1986, 1990 and 1991, but not the smallest event of 

1984, were designated medium flood frequency.  The low flood frequency zone 

included those areas only inundated by the two larger events of 1990 and 1991 

(Figure 4.1). 

In order to survey areas which potentially differed in factors other than flood 

frequency (e.g. soil type, local rainfall), the study area was further divided into 

three longitudinal regions; upper, middle and lower.  Five sites were selected from 

each flood frequency zone within each longitudinal region providing a total of 45 

sites (Figure 4.1). 

Table 4.1 Hydrological characteristics and inundation areas of four flood events in the 

Cooper Creek. (Source: Queensland Department of Natural Resources, 1998). 

Date of Flood Peak at 
Currareva  

Peak Height at 
Currareva (m) 

Peak Discharge 
(ML/day) 

Area of Inundation 
(km2)* 

December 1984 3.90 26 100 3 400 
February 1986 6.32 178 000 9 000 
February 1991 6.70 457 000 15 300 
April 1990 7.95 1 460 000 25 900 

* downstream of confluence of Thomson and Barcoo Rivers 
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Figure 4.1 Location of study sites showing distribution within flood frequency zones, 

indicated by shading, and longitudinal regions, indicated by dashed horizontal 

lines. 
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4.2.2 Data Collection 

The field survey was conducted in September and October of 2001 and coincided 

with the fifth survey time of the temporal survey described in Chapter 3.  Prior to 

this survey, all sites were last inundated in March and April 2000 by a flood pulse 

comparable in size to the 1990 event (Figure 3.2, Table 4.1).  A smaller flood 

pulse also occurred in early 2001 (Figure 3.2) and it is likely that many of the sites 

in the high flood frequency zone were additionally inundated by this event before 

the field survey. Consequently, the time since last inundation was equivalent 

between all sites in the medium and low flood frequency zones, but lower in sites 

from the high flood frequency zone.  All sites, however, had experienced 6 

months of drought prior to this survey (Figure 3.2).       

Within the field, sites were located accurately using a Global Positioning System 

(GPS) and a Geographical Information System (GIS) on a lap-top computer.  At 

each site, a 50 m x 50 m quadrat was delineated and ten 1 m x 1 m quadrats were 

randomly selected from within this.  As in Chapter 3, care was take to position the 

1 m x 1 m quadrats beyond the area directly influenced by the canopy of any trees 

occurring within a site.  Within each 1 m x 1 m quadrat, each plant species, 

excluding trees, was identified and its percentage cover recorded. 

4.2.3 Data Analysis 

Cover indices were calculated for each species, major plant groups and every 

family present within these, as well as total cover for each site as described in 

Chapter 3.2.3. Species richness was calculated as the total number of species 

recorded within the 50 m x 50 m quadrat. Inspection of the data showed that 

transformation, [log10(x+1)], of all cover variables was necessary to meet the 

assumption of normality required by Analysis of Variance (ANOVA) (Zar, 1999).  

Two-way ANOVAs were then performed on every transformed cover index and 

untransformed species richness using flood frequency zone (High, Medium and 

Low) and longitudinal region (Upper, Middle and Lower) as factors.  Means 
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which differed significantly (p < 0.05) were then determined using Tukey’s b test.  

All univariate analyses were conducted in SPSS (SPSS, 2001). 

An ordination was also conducted in PATN (Belbin, 1995) using a matrix of 

untransformed species cover indices to further explore spatial patterns between 

flood frequency zones and longitudinal regions.  Species with cover indices 

totalling below 100 across all sites were considered to be rare and were excluded 

from this analysis.  Bray Curtis association measures were used to calculate a 

Semi-Strong Hybrid (SSH) ordination in 3 dimensions.  Principal Axis Rotation 

(PCR), Principal Axis Correlation (PCC) and Monte-Carlo Randomisation 

(MCAO) procedures were then employed to calculate species vectors which were  

significantly correlated with the ordination space.  Mean Bray Curtis distances 

between sites in each flood frequency zone were also calculated and tested for 

significant differences using ANOVA and Tukey’s b post hoc test.    

4.3 Results 

4.3.1 General Floristics 

During the survey, 59 species from 24 families were recorded with representatives 

occurring in each major plant group (Figure 1.7) (Appendix 3). The Perennial 

Forb, Marsilea drummondii (Marsileaceae) was the most commonly occurring 

species and Poaceae in the Perennial Monocot plant group the most abundant 

family.  Annual Forbs, particularly members of the Asteraceae family, were also 

frequently recorded. The Shrub plant group, consisting of Chenopodium 

auricomum (Chenopodiaceae) and Muehlenbeckia florulenta (Polygonaceae) 

contributed substantially to vegetation cover as did the Chenopodiaceae family in 

the Perennial Sub-shrub plant group. 

Seventeen species were recorded at sites from all three flood frequency zones, 

nine species from only high and medium flood frequency zones and four species 

from only medium and low flood frequency zones.  Five species, including three 



63 Chapter 4.  Effects of Flood History on Plant Community Composition and Structure 

Annual Forbs and two Perennial Forbs, were restricted to the high flood frequency 

zone. Three Annual Forb species and three Perennial Forb species were recorded 

only from medium flood frequency sites and a total of seventeen species, mostly 

including Perennial Sub-shrubs and Poaceae species from the Perennial Monocot 

plant group, were restricted to sites from the low flood frequency zone. 

4.3.2 Effects of Flood History on Total Cover and Species Richness 

Total cover and species richness both exhibited significant differences (p < 0.05) 

between the three flood frequency zones. Total cover decreased significantly with 

decreasing flood frequency in all longitudinal regions (Figure 4.2, Table 4.2).  

Longitudinal region also influenced total cover significantly, with lower values 

occurring in the middle region (Figure 4.2, Table 4.2).  Similarly, species richness 

exhibited a significant decline with decreasing flood frequency and was lowest in 

sites from the middle region (Figure 4.3, Table 4.2).   
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Figure 4.2 Mean total cover index (+/- standard error) for sites in each flood frequency 

zone and longitudinal region (indicated by shading).  Letters refer to 

homogeneous subsets for flood frequency zone determined by Tukey’s b post hoc 

tests (p < 0.05). 
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Figure 4.3 Mean species richness (+/- standard error) for sites in each flood frequency 

zone and longitudinal region (indicated by shading).  Letters refer to 

homogeneous subsets for flood frequency zone determined by Tukey’s b post hoc 

tests (p < 0.05). 

Table 4.2 Effects of flood frequency zone and longitudinal region on total cover 

(transformed) and species richness.  Results of two-way ANOVA showing 

homogeneous subsets for longitudinal region determined by Tukey’s b post hoc 

tests (p < 0.05). 

Source DF Type III Mean F Sig. Homogeneous 
SS Square Value subsets for 

Region1 

U M L 
Total Cover ab b a 
Longitudinal Region 2 0.200 0.100 6.176 0.005 
Flood Frequency 2 0.958 0.479 29.507 <0.001 
Region * Flood Frequency 4 0.146 0.037 2.253 0.083 
Error 36 0.584 0.016 
Total 45 346.492 
Corrected Total 44 1.889 
Species Richness a b ab 
Longitudinal Region 2 48.844 24.422 4.101 0.025 
Flood Frequency 2 83.511 41.756 7.011 0.003 
Region * Flood Frequency 4 37.822 9.456 1.588 0.199 
Error 36 214.40 5.956 
Total 45 3887.00 
Corrected Total 44 384.578 

1  - U = upper, M = middle and L = lower 
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4.3.3 Effects of Flood History on Plant Community Composition 

Plant community composition exhibited a gradient closely related to flood 

frequency (Figure 4.4a). Within the ordination space, sites from the low flood 

frequency zone were reasonably distinct, whilst considerable overlap was evident 

between sites from the high and medium flood frequency zones.  There was no 

clear separation of sites on the basis of longitudinal region. 

a b 

Figure 4.4. Ordination of sites by cover indices of species and species vectors 

significantly correlating with the ordination space. a.) SSH ordination    

(stress = 0.19).  Symbol shape indicates flood frequency zone of site; ■ = high 

flood frequency zone, ● = medium flood frequency zone and ▲ = low flood 

frequency zone.  Shading signifies longitudinal region; open symbols = upper 

region, grey symbols = middle region and black symbols = lower region. 

b.) Species vectors. Species indicated by each number are provided in Table 4.3. 

Species vectors which correlated significantly (p < 0.05) with the ordination axes 

(Figure 4.4b, Table 4.3) indicate that plant community composition in sites from 

the high flood frequency zone was characterised by high cover in Muehlenbeckia 

florulenta (Polygonaceae) from the Shrub plant group, the Perennial Forb 

Marsilea drummondii (Marsileaceae), the Perennial Monocot Eleocharis spp. 
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(Cyperaceae) and the Annual Monocot Echinochloa turneriana (Poaceae). 

Perennial Sub-shrubs from the Chenopodiaceae family (e.g. Sclerolaena muricata, 

Sclerolaena lanicuspis and Atriplex angulata), and Frankenia serpyllifolia from 

the Frankeniaceae family, correlated strongly with the position of sites from the 

low flood frequency zone. 

Table 4.3 Species correlating significantly to the ordination (Figure 4.4) as indicated by 

Monte Carlo Randomisation Procedure. 

ID Number Species Name Plant Group  Family 
(Fig 4.4b) 
1 Iseilema spp.** 
2 Portulaca oleracea* 
3 Calocephalus platycephalus** 
4 Frankenia serpyllifolia** 
5 Sclerolaena muricata* 
6 Atriplex angulata*** 
7 Sclerolaena lanicuspis** 
8 Salsola kali** 
9 Calotis hispidula*** 
10 Chenopodium auricomum** 
11 Senecio glossanthus* 
12 Eragrostis eriopoda* 
13 Eleocharis spp.* 
14 Echinochloa turneriana** 
15 Marsilea drummondii*** 
16 Muehlenbeckia florulenta*** 
17 Sporobolus mitchellii*** 

Annual Monocot 
Annual Forb 
Annual Forb 
Perennial Sub-shrub 
Perennial Sub-shrub 
Perennial Sub-shrub 
Perennial Sub-shrub 
Annual Sub-shrub 
Annual Forb 
Shrub 
Annual Forb 
Perennial Monocot 
Perennial Monocot 
Annual Monocot 
Perennial Forb 
Shrub 
Perennial Monocot 

Poaceae 
Portulacaceae 
Asteraceae 
Frankeniaceae 
Chenopodiaceae 
Chenopodiaceae 
Chenopodiaceae 
Chenopodiaceae 
Asteraceae 
Chenopodiaceae 
Asteraceae 
Poaceae 
Cyperaceae 
Poaceae 
Marsileaceae 
Polygonaceae 
Poaceae 

* - significant at p < 0.05 

** - significant at p < 0.01 

***- significant at p < 0.001 

Overall, plant community composition in sites from the high flood frequency zone 

tended to be most similar.  Conversely, sites from the low flood frequency zone 

appeared to be the most divergent.  This was found to be statistically significant  

as indicated by the analysis of Bray Curtis dissimilarity measures (F2,312 = 94.185, 

p < 0.001) (Table 4.4). 
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Table 4.4 Mean (+/- standard error) Bray Curtis dissimilarity measures for sites from 

each flood frequency zone showing homogenous subsets determined by Tukey’s 

b post hoc tests (p < 0.05). 

Flood Frequency Zone Mean Bray-Curtis Distance Homogenous Subset 
High 0.561517 +/- 0.017609 a 
Medium 0.710793 +/- 0.015986 b 
Low 0.865469 +/- 0.013044 c 

4.3.4 Effects of Flood History on Plant Groups 

Flood frequency had a significant effect (p < 0.05) on cover in all of the major 

plant groups with the exception of the Annual Forbs and Perennial Monocots 

(Figure 4.5, Table 4.5). Cover of Annual Monocots was significantly higher  

in sites from the high flood frequency zone and in Perennial Forbs and Shrubs, 

cover also tended to decrease with decreasing flood frequency (Figure 4.5, Table 

4.5). Annual Sub-shrub and Perennial Sub-shrub cover alternatively exhibited an 

inverse relationship with flood frequency (Figure 4.5, Table 4.5).  Longitudinal 

region also had a significant impact on cover in the Annual Monocot, Perennial 

Monocot and Shrub plant groups (Figure 4.5, Table 4.5).  However, a significant 

interaction term was only found for Perennial Sub-shrubs (Table 4.5), indicating 

that flood frequency had an overriding effect in most cases. 
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Figure 4.5 Mean cover indices (+/- standard error) within major plant groups in each 

flood frequency zone for sites from the a.) upper, b.) middle and c.) lower 

longitudinal regions. 
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Table 4.5 Effects of flood frequency zone and longitudinal region on cover 

(transformed) in each major plant group.  Results of two-way ANOVA showing 

homogeneous subsets for flood frequency zone determined by Tukey’s b post hoc 

tests (p < 0.05). 

Source DF Type III Mean F Value Sig. Homogene-
SS Square ous subsets 

for Flood 
Frequency1 

H M L 

Annual Forbs a a a 
Longitudinal Region 2 0.182 0.091 0.257 0.774 
Flood Frequency 2 1.787 0.893 2.526 0.094 
Region * Flood Frequency 4 1.605 0.401 1.135 0.356 
Error 36 12.733 0.354 
Total 45 149.759 
Corrected Total 44 16.307 
Annual Monocots a b b 
Longitudinal Region 2 7.644 3.822 6.955 0.003 
Flood Frequency 2 6.618 3.309 6.021 0.006 
Region * Flood Frequency 4 0.229 0.057 0.104 0.980 
Error 36 19.783 0.550 
Total 45 57.300 
Corrected Total 44 34.273 
Annual Sub-shrubs a ab b 
Longitudinal Region 2 0.782 0.391 1.115 0.339 
Flood Frequency 2 3.918 1.959 5.590 0.008 
Region * Flood Frequency 4 1.178 0.294 0.840 0.509 
Error 36 12.615 0.350 
Total 45 28.273 
Corrected Total 44 18.492 
Perennial Forbs a a b 
Longitudinal Region 2 0.356 0.178 0.708 0.499 
Flood Frequency 2 8.773 4.387 17.441 <0.001 
Region * Flood Frequency 4 1.367 0.342 1.358 0.268 
Error 36 9.055 0.252 
Total 45 193.649 
Corrected Total 44 19.551 
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Source DF Type III Mean F Value Sig. Homogeneous 
SS Square subsets for 

Flood 
Frequency1 

H M 
Perennial Monocots a a a 
Longitudinal Region 2 7.837 3.918 4.701 0.015 
Flood Frequency 2 4.299 2.150 2.579 0.090 
Region * Flood Frequency 4 6.697 1.674 2.009 0.114 
Error 36 30.005 0.833 
Total 45 150.564 
Corrected Total 44 48.837 
Perennial Sub-shrubs a ab b 
Longitudinal Region 2 0.057 0.029 0.041 0.960 
Flood Frequency 2 6.587 3.294 4.649 0.016 
Region * Flood Frequency 4 11.211 2.803 3.956 0.009 
Error 36 25.506 0.708 
Total 45 105.352 
Corrected Total 44 43.362 
Shrubs a a b 
Longitudinal Region 2 5.602 2.801 6.477 0.004 
Flood Frequency 2 26.799 13.400 30.985 0.000 
Region * Flood Frequency 4 1.247 0.312 0.721 0.583 
Error 36 15.568 0.432 
Total 45 126.285 
Corrected Total 44 49.217 

- H = high flood frequency zone, M = medium flood frequency zone and L = low flood 

frequency zone 

Within the Shrub plant group, the two families present (Chenopodiaceae and 

Polygonaceae) both exhibited significant shifts in cover with relation to flood 

frequency (Figure 4.6, Table 4.6). Chenopodiaceae, represented by the single 

species Chenopodium auricomum, had highest cover in sites from the medium 

flood frequency zone. Cover in Polygonaceae, consisting of Muehlenbeckia 

florulenta, was greatest in the high flood frequency zone.  Sites from the upper 

longitudinal region had significantly lower cover of this species, however there 

was no significant interaction with flood frequency (Table 4.6). 
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All of the families present in the Annual Sub-shrub (i.e. Chenopodiaceae) and 

Perennial Sub-shrub plant groups (i.e. Chenopodiaceae and Frankeniaceae) 

increased in cover with decreasing flood frequency (Figure 4.7, Table 4.7). The  

exception was in sites from the upper longitudinal region where Chenopodiaceae 

cover from the Perennial Sub-shrub group was greater in the medium flood 

frequency zone than in the low flood frequency zone, resulting in a significant  

interaction term (Figure 4.7, Table 4.7).  Frankeniaceae cover was also found to 

be significantly higher in sites from the lower longitudinal region and, as this 

family was absent from sites in the upper longitudinal region, there was also a 

significant interaction term (Figure 4.7, Table 4.7).   
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Figure 4.6 Mean cover indices (+/- standard error) at each flood frequency zone 

(indicated by x axis) and longitudinal region (indicated by legend) for families 

belonging to the Shrub plant group a.) Chenopodiaceae and b.) Polygonaceae. 
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Table 4.6 Effects of flood frequency and longitudinal region on cover (transformed) in 

families belonging to the Shrub plant group.  Results of two-way ANOVA 

showing homogeneous subsets for flood frequency zone determined by Tukey’s b 

post hoc tests (p < 0.05). 

Source DF Type III Mean F Sig. Homogeneous 
SS Square Value subsets for 

Flood 
Frequency1 

H M L 

Chenopodiaceae a a b 
Longitudinal Region 2 2.087 1.044 1.211 0.310 
Flood Frequency 2 10.383 5.192 6.022 0.006 
Region * Flood Frequency 4 0.585 0.146 0.170 0.952 
Error 36 31.033 0.862 
Total 45 78.345 
Corrected Total 44 44.089 
Polygonaceae a b b 
Longitudinal Region 2 2.719 1.359 4.191 0.023 
Flood Frequency 2 28.265 14.133 43.566 <0.001 
Region * Flood Frequency 4 1.585 0.396 1.221 0.319 
Error 36 11.678 0.324 
Total 45 69.417 
Corrected Total 44 44.247 

- H = high flood frequency zone, M = medium flood frequency zone and L = low flood 

frequency zone 
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a. Annual Sub-shrubs Chenopodiaceae 
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b. Perennial Sub-shrubs Chenopodiaceae 
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c. Perennial Sub-shrubs Frankeniaceae 
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Figure 4.7 Mean cover indices (+/- standard error) at each flood frequency zone 

(indicated by x axis) and longitudinal region (indicated by legend) for families 

belonging to the Annual and Perennial Sub-shrub plant groups a.) Annual Sub

shrub Chenopodiaceae, b.) Perennial Sub-shrub Chenopodiaceae and c.) 

Perennial Sub-shrub Frankeniaceae. 
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Table 4.7 Effects of flood frequency and longitudinal region on cover (transformed) in 

families belonging to the Annual and Perennial Sub-shrub plant groups.  Results 

of two-way ANOVA showing homogeneous subsets for flood frequency zone 

determined by Tukey’s b post hoc tests (p < 0.05). 

Source DF Type III Mean F Sig. Homogeneous 
SS Squa Value subsets for 

re Flood 
Frequency1 

H M L 

ANNUAL SUB-SHRUBS 

Chenopodiaceae 

Longitudinal Region 2 


Flood Frequency 2 


Region * Flood Frequency 4 

Error 36 


Total 45 


Corrected Total 44 


a ab b 
0.782 0.391 1.115 0.339 
3.918 1.959 5.590 0.008 
1.178 0.294 0.840 0.509 

12.615 0.350  
28.273 
18.492 

PERENNIAL SUB-SHRUBS 

Chenopodiaceae 

Longitudinal Region 2 


Flood Frequency 2 


Region * Flood Frequency 4 

Error 36 


Total 45 


Corrected Total 44 


Frankeniaceae 

Longitudinal Region 2 


Flood Frequency 2 


Region * Flood Frequency 4 

Error 36 


Total 45 


Corrected Total 44 


a ab b 
0.096 0.048 0.068 0.934 
6.163 3.082 4.383 0.020 

10.458 2.615 3.719 0.012 
25.310 0.703  

102.837 
42.027 

a a b 
1.226 0.613 3.439 0.043 
2.246 1.123 6.301 0.005 
2.452 0.613 3.439 0.018 
6.417 0.178 

13.464 
12.341 

- H = high flood frequency zone, M = medium flood frequency zone and L = low flood 

frequency zone 
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The Annual Monocot plant group consisted of the Cyperaceae and Poaceae 

families.  Cover in both of these families exhibited significant shifts with flood 

frequency but was not affected by longitudinal region (Figure 4.8, Table 4.8).  In 

the Poaceae family, cover was significantly higher in the high flood frequency 

zone and cover in the Cyperaceae family decreased significantly with decreasing 

flood frequency. In the Perennial Monocot plant group, only cover in the 

Cyperaceae family was significantly influenced by flood frequency as it was only 

present in the high flood frequency zone (Figure 4.8, Table 4.8).  Although not 

affected by flood frequency, Poaceae cover in the Perennial Monocot plant group 

was significantly higher in the upper longitudinal region (Figure 4.8, Table 4.8). 

In the Annual Forb plant group, only two families were significantly affected by 

either flood frequency or longitudinal region (Figure 4.9, Table 4.9).  Cover in 

both Amaranthaceae and Tiliaceae decreased significantly with decreasing flood 

frequency with Tiliaceae only occurring in the upper longitudinal region and 

Amaranthaceae exhibiting significantly higher cover in the middle longitudinal 

region (Figure 4.9, Table 4.9).  Three families in the Perennial Forb plant group 

exhibited significant shifts in cover with flood frequency (Figure 4.9, Table 4.9).  

In the Asteraceae family, cover decreased with increasing flood frequency and in 

Marsileaceae, increased with increasing flood frequency (Figure 4.9, Table 4.9).  

Goodeniaceae cover was highest in the medium flood frequency zone (Figure 4.9, 

Table 4.9). Longitudinal region only had a significant effect on cover in the 

Nyctaginaceae family in the Perennial Forb plant group as this family was present 

only in the upper longitudinal region (Table 4.9). 
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a. Annual Monocots Cyperaceae b. Annual Monocots Poaceae 
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Figure 4.8 Mean cover indices (+/- standard error) at each flood frequency zone 

(indicated by x axis) and longitudinal region (indicated by legend) for families 

belonging to the Annual and Monocot plant groups: a.) Annual Monocots 

Cyperaceae, b.) Annual Monocots Poaceae, c.) Perennial Monocots Cyperaceae 

and d.) Perennial Monocots Poaceae. 
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Table 4.8 Effects of flood frequency and longitudinal region on cover (transformed) in 

families belonging to the Annual and Perennial Monocot plant groups.  Results of 

two-way ANOVA showing homogeneous subsets for flood frequency zone 

determined by Tukey’s b post hoc tests (p < 0.05). 

Source DF Type III Mean F Sig. Homogene-
SS Squa Value ous subsets 

re for Flood 
Frequency1 

H M L 

ANNUAL MONOCOTS


Cyperaceae 

Longitudinal Region 2 


Flood Frequency 2 


Region * Flood Frequency 4 

Error 36 


Total 45 


Corrected Total 44 

Poaceae 

Longitudinal Region 2 


Flood Frequency 2 


Region * Flood Frequency 4 

Error 36 


Total 45 


Corrected Total 44 


a ab b 
1.458 0.729 2.766 0.076 
2.973 1.487 5.638 0.007 
1.092 0.273 1.035 0.402 
9.493 0.264 

18.936 
15.017 

a b ab 
2.983 1.491 2.579 0.090 
6.017 3.008 5.201 0.010 
0.699 0.175 0.302 0.875 

20.822 0.578 
45.876 
30.521 

PERENNIAL MONOCOTS


Cyperaceae 

Longitudinal Region 2 


Flood Frequency 2 

Region * Flood Frequency 4 

Error 36 


Total 45 


Corrected Total 44 

Poaceae 

Longitudinal Region 2 


Flood Frequency 2 


Region * Flood Frequency 4 

Error 36 


Total 45 


Corrected Total 44 


a b b 
1.864 0.932 3.164 0.054 
6.913 3.456 11.736 <0.001 
3.728 0.932 3.164 0.025 

10.602 0.295 
26.562 
23.106 

a a a 
7.972 3.986 4.779 0.014 
2.712 1.356 1.626 0.211 
5.286 1.321 1.584 0.199 

30.025 0.834 
141.634 
45.994 

- H = high flood frequency zone, M = medium flood frequency zone and L = low flood 

frequency zone 
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a. Annual Forbs Amaranthaceae b. Annual Forbs Tiliaceae 
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Figure 4.9 Mean cover indices (+/- standard error) at each flood frequency zone 

(indicated by x axis) and longitudinal region (indicated by legend) for families 

belonging to the Annual and Perennial Forb plant groups.  Only those families 

significantly influenced by either flood frequency zone or longitudinal region are 

shown. a.) Annual Forbs Amaranthaceae, b.) Annual Forbs Tiliaceae, c.) 

Perennial Forbs Asteraceae, d.) Perennial Forbs Goodeniaceae, e.) Perennial 

Forbs Marsileaceae and f.) Perennial Forbs Nyctaginaceae. 
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Table 4.9 Effects of flood frequency and longitudinal region on cover (transformed) in 

families belonging to the Annual and Perennial Forb plant groups.  Results of 

two-way ANOVA showing homogeneous subsets for flood frequency zone 

determined by Tukey’s b post hoc tests (p < 0.05).  Only families for which 

means differed significantly are shown. 

Source DF Type III Mean F Sig. Homogeneous 
SS Square Value subsets for 

Flood 
Frequency1 

H M L 

ANNUAL FORBS 
Amaranthaceae a a b 
Longitudinal Region 2 3.646 1.823 4.261 0.022 
Flood Frequency 2 4.357 2.179 5.092 0.011 
Region * Flood Frequency 4 0.518 0.130 0.303 0.874 
Error 36 15.402 0.428 
Total 45 42.182 
Corrected Total 44 23.924 
Tiliaceae a ab b 
Longitudinal Region 2 3.375 1.687 13.744 <0.001 
Flood Frequency 2 1.438 0.719 5.857 0.001 
Region * Flood Frequency 4 2.876 0.719 5.857 0.001 
Error 36 4.420 0.123 
Total 45 13.796 
Corrected Total 44 12.109 
PERENNIAL FORBS 
Asteraceae a a b 
Longitudinal Region 2 2.025 1.012 3.175 0.054 
Flood Frequency 2 2.993 1.497 4.694 0.015 
Region * Flood Frequency 4 0.515 0.129 0.403 0.805 
Error 36 11.480 0.319 
Total 45 20.810 
Corrected Total 44 17.013 
Goodeniaceae ab a b 
Longitudinal Region 2 1.152 0.576 1.258 0.296 
Flood Frequency 2 3.710 1.855 4.051 0.026 
Region * Flood Frequency 4 2.006 0.501 1.095 0.374 
Error 36 16.486 0.458 
Total 45 43.116 
Corrected Total 44 23.354 
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Source DF Type III Mean F Sig. Homogeneous 
SS Square Value subsets for 

Flood 
Frequency1 

H M 
Marsileaceae 
Longitudinal Region 2 1.465 0.732 1.279 0.291 a b c 
Flood Frequency 2 25.322 12.661 22.120 <0.001 
Region * Flood Frequency 4 1.097 0.274 0.479 0.751 
Error 36 20.605 0.572 
Total 45 150.945 
Corrected Total 44 48.489 
Nyctaginaceae a a a 
Longitudinal Region 2 1.114 0.557 7.528 0.002 
Flood Frequency 2 0.287 0.144 1.942 0.158 
Region * Flood Frequency 4 0.575 0.144 1.942 0.125 
Error 36 2.663 0.074 
Total 45 5.195 
Corrected Total 44 4.638 

- H = high flood frequency zone, M = medium flood frequency zone and L = low flood 

frequency zone 

4.4 Discussion

4.4.1 Plant Community Zonation and Flood History 

Spatial variation in plant community composition and structure on the Cooper 

Creek floodplain appears to be closely related to flood history, despite the high 

flow variability. The results of this survey indicate that floodplain plant 

communities are structured primarily on a spatial gradient of broad flood 

frequency and that species composition varies along this with some degree of 

predictability. Although longitudinal region was found to have some effect on 

composition, flood history appears to have an overriding influence on plant 

community composition and structure.  This is best demonstrated by the 

ordination (Figure 4.4) which indicates a gradual shift in composition from 

frequently to rarely flooded sites. Rather than exhibiting a marked zonation, the 

composition of sites within different flood frequency zones shows considerable 
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overlap which is probably due to the arbitrary nature of these categories for the 

purposes of this study and indicative of the spatially and temporally variable 

nature of floodwater distribution in this catchment.  Flow variability occurs along 

a continuum, rather than in discrete zones, and consequently promotes landscape-

scale diversity as a result of increased habitat heterogeneity (e.g. differences in 

inundation extent, depth and duration) (Ferreira & Stohlgren, 1999). 

The results of this study suggest that the landscape-scale effects of flood history 

have a stronger influence on plant community composition in frequently flooded 

zones while local factors (e.g. soil type, local rainfall etc.) appear to be more 

significant at low flood frequencies.  The composition of frequently flooded sites 

was found to be very similar throughout the study area and sites at the extremes of 

the longitudinal gradient were more comparable to each other than sites in 

adjacent medium and low flood frequency zones (e.g. Figure 4.5).  Divergence 

between sites within a zone increased with decreasing flood frequency (Table 

4.4). Furthermore, the results indicate that, at a landscape scale, fewer species 

were present within the study area which can persist in frequently inundated areas 

and that these are reasonably consistent throughout the catchment.  It is likely that 

there is a larger pool of species which are adapted to the drier conditions of the 

infrequently flooded areas. More species were found to be restricted to the low 

flood frequency, although most of these were limited in their distribution within 

this zone. These species may have colonised from neighbouring land systems and 

therefore their presence at a particular site would depend on its position within the 

broader landscape (e.g. proximity to a sand dune).  This would partially account 

for the greater divergence observed amongst the composition of low flood 

frequency sites. 

The gradual zonation of plant community composition along the flood frequency 

gradient in the Cooper Creek floodplain broadly concurs with observations of 

temperate and tropical floodplain vegetation zonation (Blom et al., 1990; 

Friedman et al., 1996; Hughes & Cass, 1997; Menges, 1986; Trebino et al., 1996).  

Frequently flooded zones are generally dominated by flood-tolerant species and 
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annuals which complete their life cycles between flood events (Bren, 1992; 

Menges, 1986; Trebino et al., 1996).  In the Cooper Creek, the frequently flooded 

zone was characterised by high species richness and total cover and significantly  

higher cover of Annual Monocots. Species with known flood tolerance also 

dominated plant communities in these sites; e.g. Muehlenbeckia florulenta 

(Polygonaceae) and Chenopodium auricomum (Chenopodiaceae) in the Shrub 

plant group, Marsilea drummondii (Marsileaceae) in the Perennial Forb plant 

group and Eleocharis spp. (Cyperaceae) in the Perennial Monocot plant group 

(Craig et al., 1991; Cunningham et al., 1992; Roberts & Marston, 2000).  As 

Annual Monocots increased in cover in response to flood pulse wetting (Chapter 

3), it is possible that the high cover of this plant group observed in sites from the 

high flood frequency zone may also reflect the shorter time since last inundation 

in these sites compared with those from the medium flood frequency zone.  

Variations in the cover of perennial species, e.g. M. florulenta, between these 

flood frequency zones, however, suggests that many of the observed differences in 

plant community composition and structure can be attributed to flood frequency in 

addition to time since last inundation. 

Flood frequency is likely to be a major factor contributing to the variation in plant 

community composition and structure between the low and medium flood 

frequency zones, as time since last inundation did not differ between sites within 

these zones. The low flood frequency zone in the Cooper Creek floodplain had 

significantly lower species richness and total cover and was dominated by 

Perennial Monocots in the upper longitudinal region of the floodplain and by 

Perennial Sub-shrubs in the middle and lower regions.  Similarly, other studies 

have found perennial species to be more abundant in rarely flooded zones 

(Menges, 1986). Characteristics of plant communities in moderately flooded 

areas of floodplains have tended to be overlooked by the majority of studies and 

are generally assumed to be intermediate to high and low flood frequency zones 

(Blom & Voesenek, 1996).  In this study, plant communities in the medium flood 

frequency zone were found to be transitional in terms of species richness and 

cover. Some plant groups, however, exhibited their highest covers in these sites, 
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i.e. Chenopodium auricomum (Chenopodiaceae) from the Shrub plant group and 

the Goodeniaceae family from the Perennial Forb plant group.  Furthermore, as 

species richness declined significantly with decreasing flood frequency (Figure 

4.3), this study did not find evidence to support the ‘intermediate disturbance 

hypothesis’ (Connell, 1978). 

4.4.2 Spatial Distribution of Plant Groups and Flood History 

The distribution of plant groups along gradients of flood history reflects the ability 

of floodplain plant species to reach critical life history stages under different 

allogenic conditions (Menges & Waller, 1983; Pautou & Arens, 1994; Walker et 

al., 1986). Species which dominate in frequently flooded zones are likely to be 

stress-tolerators, able to survive vegetatively throughout inundation, or ruderals, 

germinating and reproducing between flood events (Menges & Waller, 1983).   

In this study, the Annual Forb families, Amaranthaceae and Tiliaceae, and the 

Annual Monocot families, Cyperaceae and Poaceae, all exhibited greatest cover in 

the frequently flooded zone (Figures 4.8 and 4.9).  All of these groups were also 

found to respond with increases in cover to wetting phases of flood pulses in 

Chapter 3, with the exception of Tiliaceae which was not commonly recorded in 

the temporal survey.  As annual species, these plant groups can therefore be 

considered as ruderals and are consequently likely to rely on large, long-lived  soil 

seed banks for their persistence (Grime, 1979; Menges & Waller, 1983).  The 

perennial groups exhibiting greatest cover in the high flood frequency zone in this 

survey probably behave as stress-tolerators.  These included the Perennial Forb, 

Marsilea drummondii (Marsileaceae), the Cyperaceae family in the Perennial 

Monocot plant group and Muehlenbeckia florulenta (Polygonaceae) in the Shrub 

plant group. 

Plant groups which tended to have higher cover during drying phases of the flood 

pulses in Chapter 3 included both Annual and Perennial Sub-shrubs.  These 

groups also exhibited higher cover in the low flood frequency zone in this survey 

(Figure 4.7), indicating that species belonging to this group exhibit life history  
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traits which favour their growth under dry conditions.  Under Grime’s C-S-R 

scheme, these species might behave as competitors (Grime, 1979; Menges & 

Waller, 1983), although given the highly stressful conditions entailed by drought 

in low flood frequency zones, it is probably more appropriate to consider these 

species as drought stress-tolerators. 

The two plant groups which displayed greatest cover in the medium flood 

frequency zone, e.g. Chenopodium auricomum (Chenopodiaceae) in the Shrub 

plant group and the Goodeniaceae family in the Perennial Forb plant group, are 

likely to be generalists in terms of their ability to cope with wet or dry conditions.  

As described in Chapter 3, Chenopodium auricomum tended to decrease in cover 

following the major but not the minor flood suggesting only a limited degree of 

flood tolerance. It is possible that under the wetter conditions of the frequently 

flooded zone, the shrub Muehlenbeckia florulenta (Polygonaceae) is a superior  

competitor.  This could explain the apparent zonation between these dominant 

shrub species on the flood frequency gradient. 

Overall, the plant group responses to wetting and drying phases of the flood 

pulses described in Chapter 3 relate to their spatial distribution with respect to 

flood history. Over time, these responses appear to have contributed to a gradual, 

rather than marked, zonation of vegetation on the Cooper Creek floodplain, 

promoted by the spatial and temporal variability of flow. 
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Chapter 5.   
Soil Seed Bank Composition and its 

Contribution to Vegetation Dynamics 
 

 

5.1 Introduction  

 

Soil seed banks are an important source of propagules for plant recruitment in 

spatially and temporally heterogeneous habitats (Baskin & Baskin, 1998; Bonis et 

al., 1995; Brown & Venable, 1986; Pake & Venable, 1996).  Vegetation in such 

variable habitats is often highly dynamic, exhibiting dramatic shifts in 

composition in response to fluctuating allogenic conditions.  Soil seed banks can 

facilitate such plant community changes by allowing species to persist in a 

dormant state at a location until suitable conditions for their germination and 

establishment occur (Baskin & Baskin, 1998; Bonis et al., 1995; Parker et al., 

1989).  Differences in germination cues (e.g. light, temperature and water 

availability) amongst species residing in the soil seed bank determine their 

contribution to the extant vegetation at any particular time thus enabling species 

coexistence (Rees & Long, 1992; Thompson & Grime, 1979).  Consequently 

persistent soil seed banks reflect past changes in the vegetation and provide an 

indication of its potential to respond to future conditions (LaDeau & Ellison, 

1999; Rossell & Wells, 1999; Wetzel et al., 2001). 

 

Temporary wetlands, including floodplains, are amongst those heterogeneous 

environments within which vegetation is particularly reliant on soil seed banks 

(Brock & Rogers, 1998; Grillas et al., 1993; Leck & Brock, 2000).  Wetland plant 

communities can vary greatly over time depending on prevailing surface water 

conditions (e.g. inundation depth and duration) and, in many wetlands, vegetation 

composition displays marked contrast between submerged and drawdown phases 

(Baldwin et al., 2001; Haukos & Smith, 1994; Keddy, 2000).   
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Wetland plant species often germinate from the soil seed bank in response to 

specific inundation conditions (Baldwin et al., 2001; Crossle & Brock, 2002; 

Leck, 1989; van der Valk, 1981).  Flooding also affects other life history states of 

wetland plants by influencing growth rates and reproductive vigour (Coops et al., 

1996; Coops & Van der Velde, 1995; Gerritsen & Greening, 1989) and by playing 

a role in propagule dispersal via hydrochory as wetland plants often have buoyant 

seeds (Blom & Voesenek, 1996; Cronk & Fennessy, 2000).  As a consequence of 

these life history traits, which in turn influence patterns of soil seed bank 

depletion and replenishment, flooding has the capacity to both structure soil seed 

banks spatially and temporally as well as determining its contribution to dynamics 

of the extant vegetation. 

 

Persistent soil seed banks have been identified in studies spanning a wide range of 

wetlands with varying hydrological regimes (Leck, 1989).  Amongst these, seed 

densities as low as 11 per m2 in an Alaskan floodplain (Walker et al., 1986) to 

over 150 000 per m2 in a North American bog (McGraw, 1987) have been 

reported with species richness’s up to 59 species (Leck, 1989).  Despite these 

differences, wetland soil seed banks across the range of environments studied are 

commonly long-lived, i.e. > 5 years (Brock & Rogers, 1998; de Winton et al., 

2000; Leck & Brock, 2000), dominated by monocots and include few seeds of 

woody or non-wetland species (Leck, 1989). 

 

Flooding characteristics have been found to influence spatial patterns in soil seed 

bank composition in several wetlands.  For example, seed density is often lowest 

in wetland areas that are permanently inundated (Leck, 1989) and, in some 

marshes, seed density declines with increasing water depth (Wilson et al., 1993).  

Species richness, however, was not found to vary with flow regime in temporary 

wetlands of Australia and South Africa (Brock, 1998; Brock & Rogers, 1998).  

Far fewer studies have examined temporal changes in soil seed bank composition, 

despite evidence of marked seasonal fluctuations in seed densities of non-wetland 

systems (Thompson & Grime, 1979).  The limited number of studies which have 
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been conducted indicate that flow-related germination events may also cause 

reductions in soil seed bank abundance in some wetlands (Bonis et al., 1995). 

 

The role of soil seed banks in contributing to vegetation dynamics differs 

substantially amongst wetland systems.  Freshwater tidal wetlands of North 

America, for example, have a high concordance between the composition of 

extant plant communities and their soil seed banks (Leck & Simpson, 1987, 1995) 

whilst suites of species reflecting different phases of the extant vegetation are 

maintained in the soil seed banks of prairie marshes (van der Valk & Davis, 

1978).  Alternatively, the composition of soil seed banks in North American 

lakeshores and inland marshes resembles that of drawdown vegetation rather that 

that which is prevalent under submerged conditions (Leck, 1989).  In numerous 

other cases, little similarity exists, particularly where seed banks are dominated by 

species absent from the vegetation and vice versa (Hughes & Cass, 1997; 

McGraw, 1987; Thompson & Grime, 1979). 

 

Although deserts have been the subject of many soil seed bank investigations 

(Freas & Kemp, 1983; Henderson et al., 1988; Pake & Venable, 1996), studies of 

large wetland systems within arid zones are rare, particularly in Australia.  The 

arid floodplain of the Cooper Creek represents a wetland of extreme spatial and 

temporal hydrological variability.  Consequently it could be expected that the soil 

seed bank plays a substantial role in its vegetation dynamics.  In Chapters 3 and 4, 

it has been shown that flow has a significant effect on temporal and spatial 

patterns in the floodplain plant communities of the Cooper Creek.  This chapter 

investigates the composition of the soil seed bank and its contribution to these 

flow-related patterns in the extant vegetation.  In particular, this component of the 

study identifies plant groups that have developed the life history trait of a 

persistent soil seed bank as a response to the highly variable flow regime.  Spatial 

and temporal effects of flow on soil seed bank structure are also examined.   
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Specifically, the questions addressed in this chapter are: 

 

1. What is the composition of the germinable soil seed bank and which plant 

groups (Figure 1.7) contribute to this? 

 

2. Does the abundance or composition of the germinable soil seed bank change 

in response to wetting and drying phases of a flood pulse? 

 

3. Does flood history influence the abundance or composition of the germinable 

soil seed bank? 

 

4. Does the germinable soil seed bank contain species which appear in the extant 

vegetation in response to wetting phases or drying phases of flood pulse cycles 

or both? 

 

5.2  Methods 

 
5.2.1  Data Collection 

 

Soil seed bank samples were collected from the twelve survey sites described in 

Chapter 3.2.1, i.e. 4 sites from the Near Channel zone, 4 sites from the Mid 

Floodplain zone and 4 sites from the Far Floodplain zone.  At each site, samples 

were collected during the first three survey times (Chapter 3.2.2), i.e. 1. before the 

major flood in February 2000, 2. after the major flood in May 2000 and 3. after 6 

months of drought in October 2000.  Each sample consisted of five soil cores of 

0.055 m in diameter taken to a depth of 10 cm and subsequently aggregated in a 

single plastic bag for transportation.  Individual soil cores were collected from 

random locations scattered within the 50 m x 50 m quadrats which were 

delineated for the surveys of the extant vegetation.  This was done to increase the 

likelihood of detecting species with patchy seed distributions (Bigwood & Inouye, 

1988; Blanch & Brock, 1994; Brock et al., 1994).  Samples were then dried and 

stored until germination trials commenced. 
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The composition of the soil seed bank was examined using the seedling 

emergence method.  Unlike manual sifting and counting of seeds, this method 

does not allow for a complete assessment of soil seed bank density (Hutchings & 

Russell, 1989).  However, total seed count methods are time-consuming, have  

the potential to overlook species with very small seeds and provide no information 

on seed viability (Baskin & Baskin, 1998).  In this case, the seedling emergence  

method was considered appropriate for determining the composition of the 

germinable soil seed bank and detecting spatial and temporal trends within this. 

 

For the germination trials, each aggregated sample was evenly divided between 

four plastic trays, 17 cm x 12 cm, with drainage holes to a depth of approximately 

2 cm in order to increase the surface area available for germination.   Trays were 

then randomly arranged on tables in a glasshouse at Griffith University.  A pilot 

study indicated that fewer species germinated under flooded conditions than moist 

(Appendix 4), so a single watering treatment was selected where trays were kept 

moist by means of an automatic watering system operating four times daily.  

Species which require complete submergence for germination could be missed 

under a moist watering treatment.  However, these were not observed in a pilot 

study which explored germination from the soil seed bank under a range of 

watering treatments including submergence for up to three months duration 

(Appendix 4).  Ter Heerdt et al. (1999) and Boedeltje et al. (2002) support this use 

of a single watering treatment determined through pilot studies when experiments 

are constrained by time and space.  Trays were additionally rotated at regular 

intervals to ensure an even distribution of watering. 

 

Samples were kept in the glasshouse under the moist watering treatment for one 

year to allow exposure to a wide range of temperatures. Germination trials for 

samples from the first and second surveys were commenced in August 2000 and 

in October 2000 for those from the third survey.  Temperature observations in the 

glasshouse during this period ranged between approximately 20ºC to 45ºC during 

summer months and between 10ºC and 35ºC during winter months.  As seedlings 

germinated from trays, they were recorded and removed.  Species which could not  
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be identified immediately were removed and representatives re-potted and grown 

until identification was possible. 

 

5.2.2  Data Analysis 

 

Seedling count data for the four trays from each sample were pooled to give an 

abundance value for each species at each site for each survey time.  Species 

richness was considered to be the total number of species occurring within these  

pooled samples and total abundance was calculated by summing all species totals 

from each pooled sample.  The abundance of seeds in each of the major plant 

groups (Figure 1.7) and families occurring within these were calculated similarly.  

As abundance measures did not exhibit normal distributions, these were 

transformed, [log10(x+1)], to meet the assumptions of ANOVA (Zar, 1999).  

Untransformed species richness and abundance measures were then analysed by 

two-way ANOVA to determine the effects of survey time (February, May or 

October) and flood history zone (Near Channel, Mid Floodplain and Far 

Floodplain).  Significantly different means were determined using Tukey’s b test.  

Univariate analyses were all conducted in SPSS (SPSS, 2001). 

 

Further exploration of spatial and temporal patterns in soil seed bank composition 

were explored by performing a Semi-Strong Hybrid (SSH) ordination on the 

untransformed species abundance data using Bray Curtis dissimilarity measures.  

Principal Axis Rotation and Correlation (PCR, PCC) and Monte-Carlo 

Randomisation (MCAO) procedures were also followed to determine species 

vectors significantly correlated with the ordination space.  Multivariate analyses 

were performed in PATN (Belbin, 1995). 

 

Comparison of soil seed bank and extant vegetation composition was initially 

explored by means of a further SSH ordination using a matrix of species presence/ 

absence data.  Additionally, Sorenson’s similarity indices (SI) were calculated for 

each site at every survey time using the formula SI = 2c / a + b, where c was the 

number of species common between the soil seed bank and extant vegetation and  
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a and b were the total numbers of species in the soil seed bank and extant  

vegetation respectively (Sorenson, 1948).  The soil seed bank sample from the 

third survey time, i.e. October 2000, was used to calculate these for the fourth and 

fifth extant vegetation surveys.  Effects of flood history zone and survey time on 

similarity indices were then examined using two-way ANOVA. 

 

5.3   Results 

 

5.3.1  Composition of the Soil Seed Bank 

 

Over the duration of the experiment, 5 483 seedlings germinated from the soil 

seed bank; 2011, 2064 and 1408 from the first, second and third survey times  

respectively.  Of these seedlings, 56 species from at least 22 families were present 

(4 forb species and 1 annual grass species could not be identified) (Appendix 5).  

Seedlings belonging to the Annual Monocot plant group represented over 50 % of 

the total recorded (Figure 5.1).  Annual Forbs were the next most abundant group 

(35 %), followed by Perennial Monocots (11 %) and Perennial Forbs (4 %).  No 

seedlings belonging to the Annual or Perennial Sub-shrub or Shrub plant groups 

germinated during the experiment.   
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Figure 5.1  Abundance of seeds belonging to each major plant group recorded from the 

soil seed bank. 
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The Poaceae family belonging to the Annual Monocot plant group had the highest 

number of seeds germinating during the course of the germination trials (Table 

5.1).  The most abundant species within this group at all survey times was 

Eragrostis tenellula, which germinated at least three times more frequently than 

the next most abundant species.  Asteraceae in the Annual Forb plant group was  

the second most abundant family germinating from the soil seed bank.  Cyperus 

difformis (Cyperaceae) was also frequently recorded from most samples as were 

the Annual Forbs Ammania multiflora (Lythraceae), Alternanthera nodiflora 

(Amaranthaceae) and Daucus glochidiatus (Apiaceae). 

 

Table 5.1  Abundance of seedlings germinating from families within the major plant 

groups during the germination trials. 

 
Major Plant Group Family Number of Seedlings 
Annual Monocots Poaceae 2330 
 Cyperaceae 433 
Perennial Monocots Poaceae 523 
 Cyperaceae 63 
Annual Forbs Asteraceae 708 
 Lythraceae 283 
 Apiaceae 233 
 Amaranthaceae 193 
 Fabaceae 150 
 Gentianaceae 116 
 Campanulaceae 77 
 Plantaginaceae 60 
 Euphorbiaceae 23 
 Caryophyllaceae 18 
 Brassicaceae 16 
 Portulacaceae 12 
 Convolvulaceae 2 
 Molluginaceae 1 
 Unknown 4 
Perennial Forbs Scrophulariaceae 176 
 Haloragaceae 28 
 Verbenaceae 12 
 Brassicaceae 9 
 Goodeniaceae 8 
 Asteraceae 1 
 Malvaceae 1 
 Marsileaceae 1 
 Unknown 2 
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5.3.2  Spatial and Temporal Patterns in Soil Seed Bank Composition 

 

Species richness of the soil seed bank ranged between 8 and 22 species per sample 

but was not found to be influenced by either survey time or flood history zone 

(Figure 5.2, Table 5.2).  Total seed abundance, ranging from 26 to 398 per 

sample, was also not significantly affected by survey time but did differ between 

flood history zones, being significantly higher in samples from  Near Channel 

sites (Figure 5.3, Table 5.2). 
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Figure 5.2  Mean species richness (+/- standard error) of the soil seed bank at each 

survey time for each flood history zone.   
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Figure 5.3  Mean total seed abundance (+/- standard error) of the soil seed bank at each 

survey time for each flood history zone. 
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Table 5.2  Effects of survey time and flood history zone on species richness and total 

seed abundance (transformed).  Results of two-way ANOVA showing 

homogeneous subsets determined by Tukey’s b post hoc test (p < 0.05). 

 
Source DF Type III 

SS 
Mean 

Square 
F 

Value 
Sig. Homogeneous 

subsets for Flood 
History Zone1

      NC MF FF 

Species Richness      a a a 
Survey Time 2 0.722 0.361 0.034 0.966    
Flood History Zone 2 2.389 1.194 0.114 0.893    
Time * Flood History 4 9.778 2.444 0.233 0.917    
Error 27 283.000 10.481      
Total 36 9576.00       
Corrected Total 35 295.889       
Total Abundance      a b ab 
Survey Time 2 0.093 0.0465 0.930 0.407    
Flood History Zone 2 0.411 0.205 4.108 0.028    
Time * Flood History 4 0.304 0.0760 1.519 0.225    
Error 27 1.350 0.0499      
Total 36 164.206       
Corrected Total 35 2.157       

1  - NC = Near Channel, MF = Mid Floodplain and FF = Far Floodplain 

 

The overall composition of the soil seed bank, as indicated by the ordination 

(Figure 5.4a), also varied between sites from the different flood history zones but 

did not exhibit detectable shifts with survey time.  Consistent changes in soil seed 

bank composition in response to the wetting and drying phases of the flood pulse 

which occurred during the survey period are not evident from the ordination 

(Figure 5.4a).  However, sites did form clusters within the ordination space in 

relation to flood history zones.  In particular,  Far Floodplain sites are segregated 

from Near Channel and Mid Floodplain sites along Axis 1.  Axis 2 has 

alternatively separated Near Channel sites from those belonging to the Mid 

Floodplain and Far Floodplain zones.  Additionally, soil seed bank composition in 

sites from the Far Floodplain zone appears to be particularly distinctive whilst 

considerable overlap is evident in the composition of sites from the Near Channel 

and Mid Floodplain zones. 
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a b

 

Figure 5.4  Ordination of sites by seed abundance of species and species vectors 

significantly correlating with the ordination space. a.) SSH ordination                

(stress = 0.157).  Symbol shape indicates flood history zone of site; ■ = Near 

Channel, ● = Mid Floodplain and ▲ = Far Floodplain.  Shading signifies survey 

time; black symbols = time 1, grey symbols = time 2 and open symbols = time 3. 

b.) Species vectors.  Species indicated by each number are provided in Table 5.3. 

 

The spatial differentiation of soil seed bank composition between flood history  

zones correlated strongly with the abundance of common Annual Monocot 

species (Figure 5.4b, Table 5.3).  High seed abundance in Eragrostis tenellula 

(Poaceae) and Iseilema spp. (Poaceae) correlated with the positioning of sites 

from the Near Channel zone, Cyperus difformis (Cyperaceae) with Mid 

Floodplain sites and Aristida contorta, Chloris pectinata and Eragrostis 

parviflora (Poaceae) with Far Floodplain sites.  The abundance of different 

Annual Forb species also correlated with sites from each flood history zone, e.g. 

Calotis hispidula (Asteraceae) with the Near Channel sites, Trigonella suavissima 

(Fabaceae) and Daucus glochidiatus (Apiaceae) in the Mid Floodplain sites and 

Alternanthera nodiflora (Amaranthaceae) and Centipeda minima (Asteraceae) in 

the Far Floodplain sites. 
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Table 5.3  Species correlating significantly to the ordination (Figure 5.4) as indicated by 

Monte Carlo Randomisation Procedure. 

 
ID Number 
(Fig 5.4b) 

Species Name Plant Group  Family 

1 Calotis hispidula** Annual Forb Asteraceae 
2 Wahlenbergia gracilis*** Annual Forb Campanulaceae 
3 Eragrostis tenellula** Annual Monocot Poaceae 
4 Spergularia rubra** Annual Forb Caryophyllaceae 
5 Cullen cinereum*** Annual Forb Fabaceae 
6 Iseilema spp.** Annual Monocot Poaceae 
7 Cyperus bifax*** Perennial Monocot Cyperaceae 
8 Centipeda minima* Annual Forb Asteraceae 
9 Calotis porphyroglossa* Annual Forb Asteraceae 
10 Alternanthera nodiflora*** Annual Forb Amaranthaceae 
11 Chloris pectinata* Annual Monocot Poaceae 
12 Eragrostis parviflora* Annual Monocot Poaceae 
13 Ammania multiflora*** Annual Forb Lythraceae 
14 Aristida contorta*** Annual Monocot Poaceae 
15 Dicanthium sericeum* Perennial Monocot Poaceae 
16 Sida rohlenae* Perennial Forb Malvaceae 
17 Leiocarpa brevicompta* Annual Forb Asteraceae 
18 Senecio lautus*** Annual Forb Asteraceae 
19 Trigonella suavissima** Annual Forb Fabaceae 
20 Daucus glochidiatus* Annual Forb Apiaceae 
21 Elytrophorus spicatus* Annual Monocot Poaceae 
22 Cyperus difformis*** Annual Monocot Cyperaceae 
23 Centaurium spicatum* Annual Forb Gentianaceae 
24 Calotis multicaulus* Annual Forb Asteraceae 

*    - significant at p < 0.05 

**  - significant at p < 0.01 

***-significant at p < 0.001 

 

5.3.3  Spatial and Temporal Patterns in Soil Seed Bank Plant Groups 

 

None of the major plant groups exhibited significant (p < 0.05) changes in seed 

abundance during the survey period (Figure 5.5, Table 5.4).  Flood history, 

however, did have a significant effect on seed abundance in the Annual and 

Perennial Monocot plant groups, with greatest and lowest seed numbers 

respectively occurring in the Near Channel sites (Figure 5.5, Table 5.4). 
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Figure 5.5  Mean seed abundance (+/- standard error) in each major plant group at each 

survey time for a.) Near Channel zone sites, b.) Mid Floodplain zone sites and    

c.) Far Floodplain zone sites. 
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Table 5.4  Effects of survey time and flood history zone on seed abundance (transformed) 

in each major plant group.  Results of two-way ANOVA showing homogeneous 

subsets determined by Tukey’s b post hoc test (p < 0.05). 

 
Source DF Type III 

SS 
Mean 

Square 
F 

Value 
Sig. Homogeneous 

subsets for Flood 
History Zone1

      NC MF FF 

Annual Forbs      a a a 
Survey Time 2 0.130 0.065 1.189 0.320    
Flood History Zone 2 0.268 0.134 2.450 0.105    
Time * Flood History 4 0.497 0.124 2.269 0.088    
Error 27 1.478 0.055      
Total 36 101.942       
Corrected Total 35 2.374       
Annual Monocots      a b b 
Survey Time 2 0.236 0.118 1.044 0.366    
Flood History Zone 2 1.249 0.625 5.518 0.010    
Time * Flood History 4 0.271 0.068 0.599 0.667    
Error 27 3.057 0.113      
Total 36 114.246       
Corrected Total 35 4.814       
Perennial Forbs      a a a 
Survey Time 2 0.308 0.154 1.519 0.237    
Flood History Zone 2 0.165 0.083 0.815 0.453    
Time * Flood History 4 0.197 0.049 0.485 0.746    
Error 27 2.741 0.102      
Total 36 25.353       
Corrected Total 35 3.412       
Perennial Monocots      a b b 
Survey Time 2 0.920 0.460 2.565 0.095    
Flood History Zone 2 2.258 1.129 6.296 0.006    
Time * Flood History 4 0.054 0.014 0.075 0.989    
Error 27 4.842 0.179      
Total 36 46.088       
Corrected Total 35 8.075       

1  - NC = Near Channel, MF = Mid Floodplain and FF = Far Floodplain 
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Within the Annual Forb plant group, three families exhibited significant changes 

in seed abundance with survey time (Figure 5.6, Table 5.5).  Seeds belonging to 

the Portulacaceae family germinated more frequently from samples from the third 

survey time while Asteraceae seeds were significantly less abundant at this time.  

Seeds from the Fabaceae family germinated less frequently from the second 

survey’s samples (Figure 5.6, Table 5.5).  Fabaceae seed abundance was also 

significantly influenced by flood history with more seeds occurring in Near 

Channel sites (Figure 5.6, Table 5.5).  Four other families belonging to the Annual 

Forb plant group exhibited significant differences in seed abundance between 

flood history zones.  Both Lythraceae and Amaranthaceae had greater numbers of 

seeds germinating in samples from the Far Floodplain zone while Campanulaceae 

and Caryophyllaceae were more abundant in samples from the Near Channel zone 

(Figure 5.6, Table 5.5).  In the Perennial Forb plant group, Haloragaceae was the 

only family which exhibited significant spatial or temporal differences in seed 

abundance, being recorded most frequently from the Mid Floodplain samples 

(Figure 5.6, Table 5.5). 

 

None of the families occurring within the Annual Monocot plant group displayed 

significant differences in seed abundance with survey time (Figure 5.7, Table 5.6).  

Seed abundance in both the Cyperaceae and Poaceae families in the Annual 

Monocot plant group were, however, significantly influenced by flood history 

with samples from the Near Channel zone having the lowest and highest 

abundance values respectively (Figure 5.7, Table 5.6).  In the Perennial Monocot 

plant group, seeds from the Cyperaceae family were also significantly less 

abundant in the Near Channel samples (Figure 5.7, Table 5.6).  Seeds from the 

Poaceae family in the Perennial Monocot plant group did not exhibit significant 

differences in abundance with flood history zone but did increase in abundance in 

samples from the third survey time (Figure 5.7, Table 5.6). 
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Figure 5.6  Mean seed abundance (+/- standard error) in families belonging to the Annual 

and Perennial Forb plant groups for each survey time and flood history zone.  

Only families with means significantly influenced are shown.  Letters indicate 

homogeneous subsets for survey time indicated by Tukey’s b post hoc test          

(p < 0.05) only where a significant effect was found. 
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Table 5.5  Effects of survey time and flood history zone on seed abundance (transformed) 

in families belonging to the Annual and Perennial Forb plant groups.   Results of 

two-way ANOVA showing homogeneous subsets determined by Tukey’s b post 

hoc test (p < 0.05).  Only families for which means differ significantly are shown. 

 
Source DF Type 

III SS 
Mean 

Square 
F 

Value 
Sig. Homogeneous 

subsets for Flood 
History Zone1

      NC MF FF 

ANNUAL FORBS         
Portulacaceae      a a a 
Survey Time 2 0.256 0.128 4.821 0.016    
Flood History Zone 2 0.049 0.024 0.916 0.412    
Time * Flood History 4 0.121 0.030 1.141 0.358    
Error 27 0.718 0.027      
Total 36 1.330       
Corrected Total 35 1.145       
Asteraceae      a a a 
Survey Time 2 1.520 0.760 6.632 0.005    
Flood History Zone 2 0.320 0.160 1.397 0.265    
Time * Flood History 4 0.672 0.168 1.467 0.240    
Error 27 3.093 0.115      
Total 36 52.355       
Corrected Total 35 5.605       
Fabaceae      a b b 
Survey Time 2 0.969 0.485 7.005 0.004    
Flood History Zone 2 2.019 1.010 14.596 0.000    
Time * Flood History 4 0.229 0.057 0.829 0.518    
Error 27 1.868 0.069      
Total 36 16.263       
Corrected Total 35 5.085       
Lythraceae      a ab b 
Survey Time 2 0.518 0.259 1.463 0.249    
Flood History Zone 2 1.925 0.962 5.439 0.010    
Time * Flood History 4 1.094 0.274 1.546 0.217    
Error 27 4.777 0.177      
Total 36 26.191       
Corrected Total 
 
 

35 8.313       
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Source DF Type 
III SS 

Mean 
Square 

F 
Value 

Sig. Homogeneous 
subsets for Flood 

History Zone1

      NC MF FF 
Amaranthaceae      b a c 
Survey Time 2 0.041 0.021 0.156 0.857    
Flood History Zone 2 3.763 1.881 14.218 <0.001    
Time * Flood History 4 0.265 0.066 0.501 0.735    
Error 27 3.573 0.132      
Total 36 18.190       
Corrected Total 35 7.642       
Campanulaceae      a b b 
Survey Time 2 0.236 0.118 2.493 0.102    
Flood History Zone 2 2.946 1.473 31.069 0.000    
Time * Flood History 4 0.243 0.061 1.280 0.302    
Error 27 1.280 0.047      
Total 36 8.621       
Corrected Total 35 4.705       
Caryophyllaceae      a b b 
Survey Time 2 0.062 0.031 0.771 0.473    
Flood History Zone 2 0.449 0.225 5.565 0.009    
Time * Flood History 4 0.052 0.013 0.320 0.862    
Error 27 1.090 0.040      
Total 36 1.953       
Corrected Total 35 1.653       
PERENNIAL FORBS         
Haloragaceae      ab b a 
Survey Time 2 0.165 0.082 1.632 2.14    
Flood History Zone 2 0.476 0.238 4.710 0.018    
Time * Flood History 4 0.420 0.105 2.078 0.111    
Error 27 1.365 0.051      
Total 36 3.137       
Corrected Total 35 2.426       

1  - NC = Near Channel, MF = Mid Floodplain and FF = Far Floodplain 
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Figure 5.7  Mean seed abundance (+/- standard error) in families belonging to the Annual 

and Perennial Monocot plant groups for each survey time and flood history zone.   

Letters indicate homogeneous subsets for survey time indicated by Tukey’s b 

post hoc test (p < 0.05) only where a significant effect was found. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 5.  Soil Seed Bank Composition and Its Contribution to Vegetation Dynamics 

 

104
 

Table 5.6  Effects of survey time and flood history zone on seed abundance (transformed) 

in families belonging to the Annual and Perennial Monocot plant groups.   

Results of two-way ANOVA showing homogeneous subsets determined by 

Tukey’s b post hoc test (p < 0.05).   

 
Source DF Type III 

SS 
Mean 
Squ-
are 

F 
Value 

Sig. Homogene-
ous subsets 
for Flood 
History 
Zone1

      NC MF FF 

ANNUAL MONOCOTS         
Cyperaceae      a b b 
Survey Time 2 0.488 0.244 0.951 0.399    
Flood History Zone 2 5.911 2.956 11.527 <0.001    
Time * Flood History 4 0.504 0.126 0.492 0.742    
Error 27 6.923 0.256      
Total 36 32.120       
Corrected Total 35 13.827       
Poaceae      a b b 
Survey Time 2 0.084 0.042 0.355 0.704    
Flood History Zone 2 2.994 1.497 12.721 <0.001    
Time * Flood History 4 0.350 0.088 0.744 0.571    
Error 27 3.178 0.118      
Total 36 100.015       
Corrected Total 35 6.606       
PERENNIAL MONOCOTS         
Cyperaceae      a b b 
Survey Time 2 0.602 0.301 1.627 0.215    
Flood History Zone 2 3.205 1.602 8.666 0.001    
Time * Flood History 4 0.267 0.067 0.361 0.834    
Error 27 4.992 0.185      
Total 36 41.854       
Corrected Total 35 9.066       
Poaceae      a a a 
Survey Time 2 2.353 1.176 14.231 <0.001    
Flood History Zone 2 0.229 0.114 1.385 0.268    
Time * Flood History 4 0.057 0.014 0.174 0.950    
Error 27 2.232 0.083      
Total 36 6.622       
Corrected Total 35 4.871       

1  - NC = Near Channel, MF = Mid Floodplain and FF = Far Floodplain 
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5.3.4  Comparison of the Soil Seed Bank and Extant Vegetation 

 

A total of 99 species were recorded in both the soil seed bank germination trials 

and the extant vegetation surveys (Appendix 6).  Of these, 39 species were 

common to both (Figure 5.8).  Seventeen species were observed only from the soil 

seed bank, including the five unidentified species which germinated in very low 

numbers.  The remaining species confined to the soil seed bank included five 

species belonging to the Annual Monocot plant group, (Cyperus pygmaeus and 

Cyperus spp. (Cyperaceae) and Aristida contorta, Elytrophorus spicatus and 

Eragrostis basedowii (Poaceae)) and five Annual Forb species (Centipeda minima 

and Pterocaulon sphacelatum (Asteraceae), Eryngium plantagineum (Apiaceae), 

Arabidella eremigena (Brassicaceae) and Mollugo cerviana (Molluginaceae)).  

One Perennial Monocot, Paspalidium jubiflorum (Poaceae), and one Perennial 

Forb, Minuria denticulata (Asteraceae), were also restricted to the soil seed bank 

samples.  A much higher number of species, i.e. 43, were observed only in the 

extant vegetation.  Almost two thirds of these were perennial species belonging to 

the Perennial Monocot, Perennial Forb, Perennial Sub-shrub and Shrub plant 

groups.  In particular, Annual and Perennial Sub-shrubs and Shrubs were recorded 

only from the extant vegetation (Figure 5.8). 

 

In terms of species composition, soil seed bank samples appeared to resemble 

each other more than they did the extant plant communities at corresponding 

locations or survey times.  This is demonstrated by the species presence/ absence 

ordination of all samples, within which soil seed bank samples form a loose 

cluster in the lower right quadrant (Figure 5.9).  The ordination further illustrates 

that the composition of soil seed bank samples was not aligned more closely with 

extant vegetation at any particular survey time.  The positioning of soil seed bank 

samples within an intermediate space between extant vegetation sites at different 

survey times indicates that species were present in the soil seed bank which 

potentially contributed to the extant vegetation during both wetting and drying 

phases of the survey period. 
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Figure 5.8  Distribution of species belonging to each major plant group in the soil seed 

bank and extant vegetation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.9  Ordination of species presence/ absence (stress = 0.18) in the extant 

vegetation (shown in black) and soil seed bank (shown in grey).  Centroids for 

sites in each flood history zone are indicated by symbols:  = Near Channel,    

 = Mid Floodplain and ▲ = Far Floodplain.  Numbers indicate survey times.  

Error bars show standard deviations. 
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The similarity of soil seed bank samples and their corresponding extant plant 

communities, as indicated by Sorenson’s similarity index, was significantly 

influenced by both survey time and flood history zone (Figure 5.10, Table 5.7).  In 

all flood history zones, similarity was significantly higher in the second and third 

survey times and decreased at the fourth survey time (Figure 5.10, Table 5.7).  In 

the Near Channel and Far Floodplain sites, similarity also increased significantly 

at the fifth survey time (Figure 5.10, Table 5.7).  At all survey times, similarity 

was also significantly higher in sites from the Near Channel zone (Figure 5.10, 

Table 5.7).  
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Figure 5.10  Mean Sorenson’s Similarity Coefficient expressed as a percentage              

(+/- standard error) at each survey time for each flood history zone.  Letters 

indicate homogeneous subsets for survey time indicated by Tukey’s b post hoc 

test (p < 0.05). 

 

 

 

 

 

 

 



Chapter 5.  Soil Seed Bank Composition and Its Contribution to Vegetation Dynamics 

 

108
 

Table 5.7  Effects of survey time and flood history zone on Sorenson’s Similarity 

Coefficient (expressed as a percentage).  Results of two-way ANOVA showing 

homogeneous subsets determined by Tukey’s b post hoc test (p < 0.05). 

 
Source DF Type III 

SS 
Mean 

Square 
F 

Value 
Sig. Homogeneous 

subsets for Flood 
History Zone1

      NC MF FF 

Sorenson’s      a b b 
Survey Time 4 2542.159 635.540 8.347 <0.001    
Flood History Zone 2 1031.843 515.922 6.776 0.003    
Time * Flood History 8 1109.787 138.723 1.822 0.098    
Error 45 3426.170 76.137      
Total 60 49096.329       
Corrected Total 59 8109.960       

1 - NC = Near Channel, MF = Mid Floodplain and FF = Far Floodplain 

 

5.4   Discussion 

 

5.4.1  General Characteristics of the Soil Seed Bank   

 

The results of this study indicate that the Cooper Creek floodplain has a large and 

diverse soil seed bank which is composed predominantly of seeds belonging to the 

Annual Monocot and Annual Forb plant groups.  In general, the composition of 

the Cooper Creek floodplain’s soil seed bank is comparable to those described in 

other temporary wetlands.  The most abundant species germinating from the soil 

seed bank in this study included the Annual Monocots Eragrostis tenellula 

(Poaceae) and Cyperus difformis (Cyperaceae) and members of the Poaceae 

family belonging to the Perennial Monocot plant group.  Dominance by graminoid 

species has likewise been observed in other studies (LaDeau & Ellison, 1999; 

Rossell & Wells, 1999).  Poor representation of woody species, which were 

completely absent from this study, is also common in wetland soil seed banks 

(Leck, 1989; Rossell & Wells, 1999).  Furthermore, all of the species germinating 

from the soil seed bank in this study have been observed in the extant vegetation 

of the Cooper Creek floodplain either during this study or in previous vegetation 
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assessments (Boyland, 1984).  Similarly, soil seed banks of other wetlands have 

been observed to rarely contain non-wetland species (Leck, 1989).   

 

The number of species germinating from individual samples in this study, i.e. 8 to 

22, is comparable to that reported for similar systems, e.g. up to 22 species in an 

ephemeral floodplain in South Africa (Brock & Rogers, 1998).  A comparison of 

seed abundance cannot be made as total seed density could not be estimated by 

the seedling emergence method employed here.  Other studies have found that 

only a fraction of viable seeds germinate from the soil seed bank of many wetland 

plant species in any one germination event and that substantial stores of seed are 

maintained from year to year despite depletion by germination (Brock, 1998; 

Brock & Rogers, 1998; Leck & Brock, 2000).  Consequently, it is likely that the 

actual size of the viable soil seed bank present in samples was much larger than 

indicated by the number of seeds which germinated during this study.   

 

5.4.2  Effects of Flow on Spatial and Temporal Patterns in the Soil Seed Bank 

 

The major flood event occurring during this study appeared to have very little 

effect on soil seed bank composition of the Cooper Creek floodplain.  Neither 

species richness nor abundance of seedlings germinating from the soil seed bank 

exhibited significant differences between survey times (Figures 5.2 and 5.3, Table 

5.3), despite the obvious germination response to inundation evident from the 

extant vegetation survey (Chapter 3).  The Fabaceae family within the Annual 

Forb plant group was the sole group for which a significant reduction in seeds 

germinating from the samples collected after flooding was apparent (Figure 5.6, 

Table 5.5).  It is possible that a decline in seed numbers resulting from the large 

gemination event did occur in other plant groups but that subsequent 

replenishment of the soil seed bank also took place prior to the second survey 

time.  Wetland plants often have fast growth rates and can quickly reach the 

reproductive maturity required to add seeds to the soil seed bank, particularly in 

response to flooding (Blom & Voesenek, 1996).  Dispersal of buoyant seeds by  

floodwaters may have further contributed to soil seed bank replenishment.  The  
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lack of temporal change detected in the soil seed bank in response to flooding may 

also reflect the low proportion of seeds likely to germinate in a single germination 

event (Brock, 1998; Brock & Rogers, 1998; Leck & Brock, 2000). 

 

Several plant groups exhibited significant changes in seed abundance in samples 

from the third survey time, following the six month drying phase.  Seeds 

belonging to both the Portulacaceae family in the Annual Forb plant group (Figure 

5.6, Table 5.5) and the Poaceae family in the Perennial Monocot plant group 

(Figure 5.7, Table 5.6) were more abundant at this time.  This could reflect the 

timing of seed fall amongst adult plants in these species.  Conversely, the 

significant decline in seed abundance of the Asteraceae family belonging to the 

Annual Forb plant group at this time, is likely to be due to a germination event.  

These species are known to germinate in response to the winter temperatures 

(Boyland, 1984; Cunningham et al., 1992) and were also observed to increase in 

cover in the extant vegetation at this survey time (Figure 3.6). 

 

Although flooding did not significantly alter soil seed bank composition during 

the survey period, some spatial differences between flood history zones were 

evident (Figure 5.4).  Numerous species belonging to the Annual Monocot and 

Annual Forb plant groups exhibited patterns in seed abundance between flood 

history zones (Figure 5.4, Table 5.2) and it is likely that these reflect variations in 

the extant vegetation which have developed as a result of differences in flood 

frequency and duration (Chapters 3 and 4).  Samples from the Near Channel zone, 

for example, had higher total seed abundance (Figure 5.3, Table, 5.1) and higher 

numbers of seeds belonging to the Poaceae family in the Annual Monocot plant 

group (Figure 5.7, Table 5.5).  Correspondingly, the extant plant communities of 

these sites also tended to have higher total cover (Figure 3.4) and cover in Poaceae 

belonging to the Annual Monocot plant group (Figure 3.6).  Frequent and more 

prolonged inundation in this zone could lead to a greater number of reproductively 

successful germination events, providing greater local additions to the soil seed 

bank.  The distribution of seeds belonging to the Poaceae family in the Perennial 

Monocot plant group, only present in the soil seed bank of the Far Floodplain 
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zone at all three survey times, may also be due to the greater abundance of these 

species in the extant vegetation of this zone (Figure 3.6).  Widespread dispersal of 

small seeds by hydrochory or wind has probably contributed to the absence of 

further spatial patterns in soil seed bank composition (Brock, 1998; Haukos & 

Smith, 1994). 

 

5.4.3  Contribution of the Soil Seed Bank to Vegetation Dynamics 

 

The soil seed bank of the Cooper Creek floodplain appears to contain species 

which contribute to the extant vegetation under a range of flow conditions.  

Species were present in the soil seed bank which appeared in the extant vegetation 

during both wetting and drying phases of the flood pulse cycles occurring during 

the survey period (Figure 5.9).  Overall, however, soil seed bank composition 

more closely resembled the composition of extant plant communities which 

developed in response to inundation.  This was apparent both temporally, i.e. 

higher similarity in the second and third survey times, and spatially, with the more 

frequently flooded Near Channel sites expressing greater degrees of similarity at 

all times (Figure 5.10).  Many species belonging to the Annual Monocot and the 

Annual Forb plant groups, which comprised the bulk of the soil seed bank, 

probably behave as ruderals (Chapters 3 and 4) (Grime, 1979; Menges & Waller, 

1983), persisting through the stresses associated with inundation or drought as 

dormant propagules.  These species are likely to germinate during the favourable 

moisture conditions following floodwater recession which would account for the 

high level of similarity between recently inundated plant communities and their 

soil seed banks.   

 

The similarity between the soil seed bank and extant vegetation in the third and 

fifth survey times, both of which were conducted in October, is probably due 

largely to the germination at these times of species belonging to the Asteraceae 

family in the Annual Forb plant group.  Species in this family are often dispersed 

by wind (Raven et al., 1999), which would account for their widespread  

distribution in the soil seed bank across flood history zones.    
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Perennial species were poorly represented in the soil seed bank and the Annual 

and Perennial Sub-shrub and Shrub plant groups were completely absent, despite 

their prevalence in the extant vegetation (Chapters 3 and 4).  It is possible that 

glasshouse conditions were unsuitable for germination in these species, although 

seeds from the shrubs Chenopodium auricomum and Muehlenbeckia florulenta 

which were harvested from adult plants germinated rapidly under similar 

conditions immediately following their collection (personal observation).  Other 

species belonging to the Chenopodiaceae family are known to have physiological 

seed dormancy (Baskin & Baskin, 1998; Jurado & Westoby, 1992) and this could 

account for the lack of C. auricomum seeds or seeds from the Annual and 

Perennial Sub-shrub plant groups germinating during this study.  Seeds from 

woody species are often in low abundance in wetland soil seed banks and are 

thought to lose viability quickly (Cronk & Fennessy, 2000; Leck, 1989; Rossell & 

Wells, 1999).  Rapid loss of seed viability might explain the absence of seeds 

belonging to the woody shrub M. florulenta. 

 

The paucity of perennial species germinating from the soil seed bank in this study 

suggests that these plant groups may not rely greatly on persistent soil seed banks 

for recruitment in the Cooper Creek floodplain.  Seeds in these species might 

instead form transient seed banks which quickly lose viability if germination 

requirements are not met (Thompson & Grime, 1979).  Some perennial species 

may be able to time seed production with the occurrence of conditions that are 

favourable for germination.  For example, the shrub, M. florulenta, persists 

through drought in a vegetatively dormant state and rapidly produces leaves and 

flowers in response to inundation (Roberts & Marston, 2000).  Alternatively, 

perennial plant groups might maintain aerial seed banks or reproduce 

predominantly by vegetative mechanisms.  Numerous species in arid deserts are 

known to hold seeds in the canopy of dead plants which are released in response 

to rainfall (Baskin & Baskin, 1998).  Other species may reach the floodplain as 

seeds dispersed from neighbouring dune communities.  This is particularly likely 

to be the case in the Far Floodplain zone where similarity between the soil seed 

bank and extant vegetation tended to be lowest (Figure 5.10). 
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In general, the presence of a large and diverse persistent soil seed bank in the 

Cooper Creek floodplain appears to enable plant communities to respond 

dynamically to the temporal and spatial variability in flow.  Persistence of most 

Annual Monocot and Annual Forb species in the floodplain vegetation is probably 

facilitated by this life history trait, allowing them to escape in time from the 

stresses associated with both flooding and drought.  The germination requirements 

of these species is therefore likely to be an important factor in determining their 

contribution to the extant vegetation.   
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Chapter 6.   
Germination Responses to Flooding  

of Common Arid Floodplain Plants 
 

 

6.1   Introduction  

 

Germination in angiosperms occurs when seeds imbibe water and resume 

development of the embryo (Raven et al., 1999).  Although the presence of water 

is essential, the specific conditions necessary for germination to occur vary widely 

between species and frequently include particular light or temperature regimes 

(Baskin & Baskin, 1998).  In wetlands, where water is a defining environmental 

feature, these germination requirements are often related to characteristics of the 

water regime such as depth or inundation duration or timing (Coops & Van der 

Velde, 1995; Gerritsen & Greening, 1989; Haukos & Smith, 1994; Insausti et al., 

1995; Leck, 1989; Leck & Brock, 2000; van der Valk & Davis, 1978; Weiher & 

Keddy, 1995).  Germination responses from wetland soil seed banks are usually 

determined primarily by such water regime attributes (Crossle & Brock, 2002; 

Haukos & Smith, 1994; Leck, 1989; Poiani & Johnson, 1989; van der Valk & 

Davis, 1978; Weinhold & Van Der Valk, 1989) and in dispersal-limited species 

(e.g. some floodplain trees) recruitment patterns are often closely related to flood 

history (Pettit, 2002; Pettit et al., 2001). 

 

Seeds of most wetland plants are capable of retaining viability throughout 

prolonged periods of inundation (Baskin & Baskin, 1998; Leck & Brock, 2000).  

Very few species, however, actually germinate in the entirely anoxic conditions 

associated with inundation (Baskin & Baskin, 1998).  These few include the grass 

Echinochloa crus-galli, a common weed in rice fields, and E. turneriana which 

occurs in the Cooper Creek floodplain (Conover & Geiger, 1984a, b).  Submerged 

and free floating aquatic plants also tend to germinate exclusively under flooded 
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conditions (Boedeltje et al., 2002; Gerritsen & Greening, 1989; van der Valk & 

Davis, 1978).  Alternatively, germination in the majority of wetland plants occurs 

during moist drawdown conditions (Baskin & Baskin, 1998; van der Valk, 1981; 

Welling et al., 1988).  Studies of wetland soil seed banks frequently report a 

higher abundance and a greater diversity of seedlings germinating from damp or 

waterlogged, rather than totally submerged, treatments (Boedeltje et al., 2002; 

Britton & Brock, 1994; Crossle & Brock, 2002; Leck, 1989; Smith & Kadlec, 

1983; van der Valk & Davis, 1978).   Temperature changes or increased light 

availability associated with floodwater recession are thought to act as germination 

cues in such species (Baskin & Baskin, 1998; Britton & Brock, 1994; Leck, 1989; 

Schutz, 1997; van der Valk, 1981). 

 

The conditions under which seeds germinate also influence the growth of 

seedlings and therefore their reproductive success, e.g. the production of a further 

generation of seeds (Blom et al., 1990).  Species persistence ultimately depends 

on at least some germinating seeds reaching reproductive maturity.  Consequently, 

most plant species germinate under conditions which will lead to successful 

reproduction (Jurado & Westoby, 1992; Westoby et al., 1992).  Traits that 

facilitate this might include, for example, timing seed production dispersal with 

seasonal environmental changes.  Annual seed dispersal in some wetland trees and 

shrubs, for instance, follows seasonal flood pulses, therefore ensuring germination 

occurs in moist conditions rather than during inundation which could adversely 

affect seedling establishment (Blom & Voesenek, 1996).  In other plants, seeds 

enter phases of dormancy and are retained in seed banks until dormancy is broken 

through specific environmental cues, e.g. moisture availability, light penetration 

or temperature fluctuations, which are likely to signify suitable conditions for 

establishment (Baskin & Baskin, 1998; Britton & Brock, 1994; Leck, 1989; 

Parker et al., 1989; Pautou & Arens, 1994).  Desert annuals, for example, persist 

primarily as dormant seeds which germinate rapidly in response to rainfall (Freas 

& Kemp, 1983).  Furthermore, in highly variable environments, such as deserts 

and temporary wetlands, only a fraction of dormant seeds may germinate in 

response to these conditions at any one time (Brock & Rogers, 1998; Haukos & 
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Smith, 2001; Leck & Brock, 2000).  Some seeds are therefore retained in the seed 

bank to germinate in a subsequent event.  This can protect a species in the advent 

of reproductive failure.  The proportion of seeds germinating may also reflect 

environmental certainty.  The scale of germination responses in desert annuals, for 

example, is determined by the magnitude of rainfall events (Freas & Kemp, 1983). 

 

As germination is a major factor determining plant community composition and 

structure, knowledge of germination responses to various allogenic conditions is 

essential for understanding vegetation dynamics.  Studies of germination 

responses to a variety of conditions, e.g. light, temperature, etc., have been 

conducted for both seeds of specific species and soil seed banks from an 

enormous range of environments throughout the world, including deserts (Freas & 

Kemp, 1983; Jurado & Westoby, 1992; Pake & Venable, 1996; Venable & 

Lawlor, 1980) and temporary wetlands (Britton & Brock, 1994; Brock & Rogers, 

1998; Casanova & Brock, 2000; Crossle & Brock, 2002; Grillas et al., 1993).  For 

plants of the Cooper Creek floodplain, however, such studies are mainly limited to 

a few significant pasture species such as E. turneriana (Conover & Geiger, 1984a, 

b).   

 

Vegetation in the Cooper Creek floodplain exhibits significant shifts in 

composition in response to flow (Chapter 3).  Given the presence of a large and 

diverse soil seed bank (Chapter 5), germination is likely to play a significant role 

in shaping these compositional changes.  Furthermore, as flow appears to have an 

overriding effect on vegetation composition and structure (Chapters 3 and 4), 

germination responses could be expected to be determined primarily by flow 

attributes, e.g. timing, duration etc.  

 

This chapter investigates the germination responses to flow from both the soil 

seed bank and seeds from a range of species from the Cooper Creek floodplain.  

In particular, this component of the study sought to determine how germination 

responses vary under flood pulses of differing attributes including duration of  

inundation, rate of drawdown (e.g. duration of damp or waterlogged conditions  
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following flooding) and flood timing (e.g. temperature at which flooding occurs).  

The effects of flood history on germination responses to flood pulses were also 

investigated by examining soil seed banks derived from different flood frequency 

zones (Chapter 4) in addition to exploring the effects of consecutive flood pulses.  

Furthermore, this chapter aims to identify life history traits of plants that 

maximise the opportunity for germination leading to successful reproduction 

which may have developed in response to the variable flow regime, e.g. rapid 

response to germination cues.   

 

In this chapter, results are presented from several experiments designed to address 

the following specific questions: 

 

1. Do common arid floodplain plants germinate in response to flooding? 

 

2. Are germination responses to flooding determined by various flood pulse 

attributes, i.e. duration of inundation, rate of drawdown and timing? 

 

3. Does flood history influence germination response to flooding? 

 

4. Do common arid floodplain plants exhibit life history traits which increase the 

likelihood of germination leading to successful reproduction in a temporally 

variable environment? 

 

6.2  Methods 

 
6.2.1  Soil Seed Bank Experiment 

 

Soil seed bank samples were collected in October 2001 from 30 of the 45 sites 

selected for the spatial extant vegetation survey (Chapter 4).  Within these 30 

sites, 10 were randomly chosen from the high flood frequency zone, 10 from the 

medium flood frequency zone and 10 from the low flood frequency zone (Figure 

4.1).  At each site 16 soil cores of 0.055 m in diameter taken to a depth of 10 cm 
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were collected from scattered locations within the 50 m x 50 m quadrat delineated 

for the extant vegetation survey (Chapter 4).  Soil cores were aggregated into four 

samples per site (i.e. each sample consisting of four soil cores) with each sample 

contained in a single plastic bag.  Samples were then dried and stored at room 

temperature at Griffith University until the commencement of the experiments. 

 

The first phase of the experiment was conducted over 12 weeks in the Griffith 

University glasshouse from early January to mid March 2002, during which time 

temperatures ranged between approximately 20°C and 45°C.  This period was 

similar in length and temperature range to the period during which summer floods 

occur in the Cooper Creek floodplain (Edmonston, 2001).  The four samples from 

each site were evenly divided between eight plastic trays (i.e. two trays per 

sample) to a depth of approximately 2 cm so as to increase the surface area 

available for germination.  Each plastic tray was 17 cm x 12 cm with several 

drainage holes in the bottom.  Individual plastic trays were subsequently placed 

within larger foil containers in order to conduct flood treatments.  Trays, inside 

the foil containers, were then randomly arranged on tables in the glasshouse and 

each of the four samples from each site subjected to one of four different flood 

treatments: 1. Rain for 12 weeks (R), 2. Rain for 4 weeks, flooded for 4 weeks, 

damp for 4 weeks (RFD), 3.  Flooded for 4 weeks, damp for 8 weeks (FD) and 4. 

Flooded for 8 weeks, damp for 4 weeks (F).  This provided a total of 240 trays 

with 20 trays (i.e. 2 trays from each of the 10 replicate sites) in each flood 

treatment and flood frequency zone combination (Figure 6.1).   

 

Rain was simulated by watering samples with a fine hose spray for approximately 

5 minutes until the soil surface was saturated, i.e. surface cracks sealed and water 

pooled on the surface.  This was performed daily over all samples, including those 

which were flooded or damp.  In samples subjected to the rain only treatment, the 

soil dried out daily and developed surface cracks between watering.  Flooding was 

achieved by filling the large foil containers with water from a hose to a depth of 

3 cm over the soil surface in the smaller plastic trays.  Water levels were 

maintained at this depth for the duration of the 4 or 8 week flood treatments.   
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The damp treatment involved maintaining the water depth at the level of the soil 

surface by adding water from the hose to plastic trays where necessary following 

daily delivery of the rain treatment.  Throughout the experiment seedlings which  

germinated were removed and recorded as soon as identification was possible.  

Following the first experimental phase, all watering treatments were ceased and 

soil samples were dried and stored within their trays at room temperature until the 

second phase of the experiment commenced.    
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Figure 6.1  Experimental design for the first phase of the soil seed bank experiment. 

 

The second phase of the soil seed bank experiment was conducted over 12 weeks 

from early April to mid June 2002, to simulate the timing and temperature range 

of the months during which winter floods occur in the Cooper Creek floodplain 

(Edmonston, 2001).  Glasshouse temperatures during this period ranged from  

approximately 10°C to 35°C.  For this phase of the experiment, only the trays  
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subjected to the Rain (R) and Flooded (F) treatments in the first experimental 

phase were used.  From each site, one tray from each of these initial watering 

treatments were assigned to one of two further watering treatments including rain 

for 12 weeks or flooded for 8 weeks, damp for 4 weeks as per the first 

experimental phase.  This provided four overall watering treatments for trays from 

each site: 1. Rain for 12 weeks in both phases of the experiment (RR), 2. Flooded 

for 8 weeks, damp for 4 weeks in both phases of the experiment (FF), 3.  Rain for 

12 weeks in the first phase of the experiment and flooded for 8 weeks, damp for 4 

weeks in the second phase of the experiment (RF) and 4. Flooded for 8 weeks, 

damp for 4 weeks in the first phase of the experiment and rain for 12 weeks in the 

second phase of the experiment (FR).  Consequently, in the second experimental 

phase there was a total of 120 trays with 10 replicate trays (i.e. 1 from each site) 

for each overall watering treatment and flood frequency combination (Figure 6.2).  

As in the first phase of the experiment, seedlings which germinated were recorded 

and removed upon identification.     
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Figure 6.2  Experimental design for the second phase of the soil seed bank experiment. 
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6.2.2  Soil Seed Bank Experiment Data Analysis 

 

For each phase of the soil seed bank experiment, the total number of seedlings and 

the number of seedlings belonging to each major plant group (Figure 1.7) were 

calculated for each tray.  For the first experimental phase, all values were pooled 

for the two trays from each site, providing ten independent replicates in each flood 

treatment and flood frequency combination.  Trays formed the independent 

replicates for the second phase of the experiment.  Species richness was calculated 

as the total number of species which germinated from each tray in the second 

experimental phase and across the two trays per site in the first phase.  All 

seedling abundance values were then transformed, [log 10 (x+1)], as deemed 

necessary for analysis by ANOVA (Zar, 1999).  Transformed abundance values 

and untransformed species richness values from the first phase of the experiment 

were subsequently analysed with two-way ANOVA using flood treatment (R, 

RFD, FD, F) and flood frequency (High, Medium and Low) as factors.  For the 

second phase of the experiment, transformed abundance values and untransformed 

species richness values were also analysed with two-way ANOVA. The two 

factors here included overall flood treatment (RR, RF, FR, FF) and flood 

frequency (High, Medium and Low).  In both cases, Tukey’s b post hoc test was 

subsequently used to identify means which differed significantly.   

 

6.2.3  Individual Species Seed Germination Experiment 

 

Seed collections were conducted from species on the floodplain of the Cooper 

Creek catchment on three occasions; October 2000, May 2001 and October 2001.  

At each time, collections were made from as many species as possible (i.e. that  

had seeds attached to adult plants) and from as many individuals within each 

species as possible.  Seeds were removed from capsules and pods where necessary 

(e.g. in members of the Fabaceae and Tiliaceae families), placed in paper bags and 

stored at Griffith University in the dark at a room temperature of approximately 

20°C.  Species were then selected for the germination experiment if greater than 

300 individual seeds were available (Table 6.1).  Seeds for three additional  
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species (Glossostigma diandra, Ammania multiflora and Cyperus difformis) were 

obtained from seedlings which germinated in the first soil seed bank experiment 

(Chapter 6.2.1).  In total, sufficient seeds were available for 24 species 

representing each of the major plant groups with the exception of the Annual Sub-

shrub plant group, for which no seeds could be obtained (Table 6.1).   

 

As limited seeds were available, a pilot study was conducted prior to the 

germination experiment to determine if seeds germinated under light or dark 

conditions.  In May 2002, 40 seeds from each species were divided equally 

between two Petri dishes lined with damp Whatman No. 1 filter paper, each of 

which were placed in one of two incubators, one light and one dark, at a constant 

temperature of 25°C.  Germination was then monitored over 4 weeks.  During this 

period, only 7 species germinated in the dark incubator and 20 of the 24 species 

germinated in the light incubator.  As all of the species germinating in the dark 

incubator also germinated in the light incubator, light was selected for the 

germination experiment (Table 6.1).  

 

The germination experiment was conducted in October 2002.  At the 

commencement of the experiment, 240 seeds of each species were sprayed with a 

Thiram fungicide solution.   Seeds from each species were then divided equally 

between 12 Petri dishes (i.e. 20 seeds per Petri dish), each lined with Whatman 

No. 1 filter paper.  Petri dishes of 90 mm diameter and 12 mm depth were used.  

These were then assigned to two watering treatments, either flooded or damp.  In 

the flooded treatment, Petri dishes were filled with tap water while in damp 

treatments water was added only until the filter paper was saturated.  Clear plastic 

lids were placed over Petri dishes to reduce evaporation. 

 

For each species, half of the Petri dishes per treatment were placed in a light 

incubator set at a constant temperature of 35°C and the other half in a light 

incubator set at a constant temperature of 25°C.  These temperatures were chosen 

as representative of the median maximum temperatures likely to occur during 

summer and winter floods respectively (Boyland, 1984; Edmonston, 2001).   
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In total, the germination experiment consisted of three replicate Petri dishes of 20 

seeds in each watering treatment and temperature combination for each of the 24 

species.  Petri dishes were monitored daily for a period of 30 days during which 

time watering treatments were maintained by adding water where necessary.  

Seeds which germinated, i.e. seeds from which the embryo had visibly emerged, 

were recorded and removed at daily intervals.      

 

Table 6.1  Species used in the seed germination experiment showing major plant groups, 

families and germination under light or dark conditions in the pilot study. 

 
Plant Group Family Species Germination in 

Pilot Study 

   Light Dark 

Annual Forbs Amararanthaceae Alternanthera nodiflora  X 

 Asteraceae Centipeda minima  X 

 Brassicaceae Lepidium sagittulatum  X 

 Euphorbiaceae Chamaesyce drummondii  X 

  Phyllanthus virgatus  X 

 Fabaceae Aeschynomene indica   

  Cullen cinereum   

  Trigonella suavissima   

 Lythraceae Ammania multiflora  X 

 Portulacaceae Portulaca oleracea  X 

 Scrophulariaceae Glossostigma diandra  X 

 Tiliaceae Corchorus trilocularis   

Annual Monocots Cyperaceae Cyperus difformis  X 

Perennial Forbs Goodeniaceae Goodenia fascicularis  X 

 Malvaceae Malvastrum americanum   

Perennial Monocots Cyperaceae Cyperus bifax  X 

 Poaceae Eragrostis eriopoda X X 

  Eriochloa crebra  X 

  Sporobolus actinocladus X X 

  Sporobolus mitchellii  X 

Perennial Sub-shrubs Chenopodiaceae Atriplex angulata   

  Sclerolaena muricata X X 

Shrubs Chenopodiaceae Chenopodium auricomum   

 Polygonaceae Muehlenbeckia florulenta X X 
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6.2.4  Individual Species Seed Germination Experiment Data Analysis 

 

Species were initially classified by their germinability and speed of germination.  

These were determined from whichever Petri dish had the highest number of 

seeds germinating during the experiment under the assumption that conditions 

necessary for germination were met under this treatment combination.  

Germinability was categorised at three levels: high (at least 50 % of seeds 

germinated), intermediate (less than 50 % and greater than 10 % germinated) and 

low (10 % or less germinated).  Speed of germination was calculated from the 

time taken for 50 % of the total number of seeds which germinated to germinate 

(T50).  Species for which T50 was three days or under were classed as fast 

germinators, over three days but less than seven days as medium speed 

germinators and greater than or equal to seven days as slow, following the 

classification used by Jurado and Westoby (1992).   

 

Additionally, the total percentage of seeds germinating during the experiment 

(GT), and T50 were determined for each Petri dish.  All variables were 

transformed, [log 10 (x+1)], to increase normality and meet the assumptions of  

ANOVA (Zar, 1999).  Two-way ANOVAs were then performed on the 

transformed GT and T50 values for each species to determine the effects of  

temperature (35°C or 25°C) and watering treatment (flooded or damp).  Where no 

seeds germinated, Petri dishes were excluded from the analysis of the T50 

variable.   

  

6.3  Results 

 
6.3.1  Germination Responses from the Soil Seed Bank 

 

A total of 2490 seedlings germinated from the soil seed bank samples in the first 

phase of the soil seed bank experiment.  Seedlings were recorded from 25 species 

belonging to 14 families (Table 6.2). A  single grass species, represented by two 

individuals, could not be identified.  Over 70 % of seedlings which germinated 
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were in the Annual Forb plant group and a further 26 % in the Annual Monocot 

plant group.  Perennial Forbs and Perennial Monocots comprised the remaining 

4% (Figure 6.3a).  The most abundant species germinating in the first phase of the 

experiment was the Annual Forb Ammania multiflora (Lythraceae) followed by 

the Annual Monocots Cyperus difformis (Cyperaceae) and Eragrostis tenellula 

(Poaceae) and the Annual Forb Glossostigma diandra (Scrophulariaceae).     

 

During the second phase of the experiment, which used half as many trays as the 

first phase, 477 seedlings germinated from the soil seed bank samples.  Twenty-

four species belonging to at least 15 families were represented with one forb and 

one grass that could not be identified and one species that could only be identified 

to the family Asteraceae (Table 6.2).  As in the first phase, Annual Forbs 

comprised over 70 % of the total number of seedlings and Annual Monocots 

approximately 20 % (Figure 6.3b).  A. multiflora was also the most abundant 

species germinating in the second phase of the soil seed bank experiment, 

followed by G. diandra and C. difformis.  Thirteen species germinated from both 

phases of the experiment, including all of the most abundant species (Table 6.2).  

Twelve species, of which half were Perennial Monocots, were only recorded from 

the first experimental phase.  A further three Annual Forbs, two Perennial Forbs 

and one Annual Monocot species only germinated during the first phase.  

Conversely, the 11 species germinating only in the second phase of the soil seed 

bank experiment consisted mainly of Annual Forb (5) and Perennial Forb (3) 

species.  A single Perennial Monocot species and two Annual Monocot species 

were also recorded solely in the second phase of the experiment.   
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Table 6.2  Species germinating from the soil seed bank ranked in order of overall 

abundance from both phases of the experiment. 

 

Species Family Plant Group 

Experimental 

Phase 

   1st 2nd 

Ammania multiflora Lythraceae Annual Forb   

Cyperus difformis Cyperaceae Annual Monocot   

Glossostigma diandra Scrophulariaceae Annual Forb   

Eragrostis tenellula Poaceae Annual Monocot   

Alternanthera nodiflora Amaranthaceae Annual Forb   

Portulaca oleracea Portulacaceae Annual Forb   

Marsilea drummondii Marsileaceae Perennial Forb   

Enteropogon acicularis Poaceae Perennial Monocot  X 

Eragrostis eriopoda Poaceae Perennial Monocot   

Mimulus gracilis Scrophulariaceae Perennial Forb  X 

Cyperus bifax Cyperaceae Perennial Monocot   

Eryngium plantagineum Apiaceae Annual Forb X  

Panicum deccompositum Poaceae Perennial Monocot  X 

Eriochloa crebra Poaceae Perennial Monocot  X 

Ipomea diamantinensis Convolvulaceae Annual Forb   

Goodenia fascicularis Goodeniaceae Perennial Forb   

Aristida jerichoensis Poaceae Perennial Monocot  X 

Cullen cinereum Fabaceae Annual Forb   

Eragrostis parviflora Poaceae Annual Monocot   

Cucumis myriocarpus Cucurbitaceae Annual Forb  X 

Dactyloctenium radulans Poaceae Annual Monocot  X 

Echinochloa turneriana Poaceae Annual Monocot X  

Juncus spp. Juncaceae Perennial Monocot  X 

Myriophyllum spp. Haloragaceae Perennial Forb X  

Trigonella suavissima Fabaceae Annual Forb X  

Wahlenbergia gracilis Campanulaceae Annual Forb  X 

Bulbinopsis semibarbata Liliaceae Annual Monocot X  

Calandrinia pumila Portulacaceae Annual Forb  X 

Daucus glochidiatus Apiaceae Annual Forb X  

Mimulus prostratus Scrophulariaceae Perennial Forb X  

Mollugo cerviana Molluginaceea Annual Forb X  

Sida rohlenae Malvaceae Perennial Forb  X 

Unknown forb Unknown - Forb X  

Unknown grass Poaceae - Monocot  X 

Unknown grass 2 Poaceae - Monocot X  

Unknown daisy Asteraceae - Forb X  
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Figure 6.3  Total number of seedlings germinating from the soil seed bank in each major 

plant group in the a.) first phase (January – March) and  b.) second phase (April – 

June) of the soil seed bank germination experiment.  (N.B. Only half the trays 

used in the first phase of the experiment were used in the second phase). 

 

In the first phase of the experiment, species richness of germinating seedlings was 

significantly (p < 0.05) affected by flood treatment (Figure 6.4, Table 6.3).  

Species richness was significantly higher in the F (flooded for 8 weeks, damp for 

4 weeks) and FD (flooded for 4 weeks, damp for 8 weeks) treatments than in the 

RFD treatment (rain for 4 weeks, flooded for 4 weeks, damp for 4 weeks) and was 

lowest under the R (rain for 12 weeks) treatment.  The flood frequency of sites 

from where samples were collected, however, did not significantly influence 

species richness (Figure 6.4, Table 6.3).  Both flood treatment and flood 

frequency significantly influenced the total abundance of seedlings germinating 

(Figure 6.5, Table 6.3).  Total abundance tended to decrease with decreasing flood 

frequency and was significantly higher in the F and FD treatments (Figure 6.5, 

Table 6.3).  Under the F treatment however, samples from medium flood 

frequency sites had higher total abundance than those from the high flood 

frequency sites, although this did not cause a significant interaction between 

factors (Figure 6.5, Table 6.3).   
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Figure 6.4  Mean species richness (+/- standard error) of seedlings germinating in the 

first phase of the soil seed bank experiment in each flood treatment from each 

flood frequency.  Letters indicate homogeneous subsets for flood treatment 

determined from Tukey’s b post hoc test (p < 0.05). 
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Figure 6.5  Mean total abundance (+/- standard error) of seedlings germinating in the first 

phase of the soil seed bank experiment in each flood treatment from each flood 

frequency.  Letters indicate homogeneous subsets for flood treatment determined from 

Tukey’s b post hoc test (p < 0.05). 
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Table 6.3  Effects of flood treatment and flood frequency on species richness and total 

abundance (transformed) of seedlings germinating in the first phase of the soil 

seed bank experiment.  Results of two-way ANOVA showing homogeneous 

subsets for flood frequency determined by Tukey’s b post hoc test (p < 0.05). 

 

Source DF Type III 
SS 

Mean 
Square 

F 
Value 

Sig. Homogeneous 
subsets for Flood 

Frequency1

      H M L 
Species Richness      a a a 

Treatment 3 136.892 45.631 31.980 <0.001    
Flood Frequency 2 2.217 1.108 0.777 0.462    
Treatment * Flood 6 3.383 0.564 0.395 0.881    
Error 108 154.100 1.427      
Total 120 805.000       
Corrected Total 119 296.592       
Total Abundance      a a b 
Treatment 3 32.216 10.739 81.884 <0.001    
Flood Frequency 2 2.053 1.027 7.828 0.001    
Treatment * Flood 6 1.244 0.207 1.581 0.160    
Error 108 14.164 0.131      
Total 120 158.652       
Corrected Total 119 49.677       

1  - H = High, M = Medium and L = Low 

 

All of the major plant groups with the exception of Perennial Forbs exhibited 

germination responses that were significantly influenced by flood treatment in the 

first phase of the experiment (Table 6.4).  The abundance of seedlings belonging 

to the Annual Forb plant group was significantly higher in the F and FD 

treatments and lowest in the R treatment (Figure 6.6, Table 6.4).   Flood frequency 

also had a significant influence on Annual Forb abundance with seedling numbers 

tending to decline with decreasing flood frequency (Figure 6.6, Table 6.4).  In the 

F treatment, however, Annual Forb abundance was much greater in samples from 

the medium flood frequency sites than from the high flood frequency sites 

resulting in a significant interaction term (Figure 6.6, Table 6.4).  Seedling 

abundance in the Annual Monocot plant group was significantly higher under the 

F treatment and lowest under the R treatment (Figure 6.6, Table 6.4).  Annual  
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Monocots germinated more frequently in samples from the high flood frequency 

sites and were lowest in abundance in trays from the medium flood frequency 

sites (Figure 6.6, Table 6.4).  Perennial Monocot seedling abundance was also 

influenced significantly by flood treatment as no seedlings germinated from the R 

treatment (Table 6.4). 
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Figure 6.6  Mean abundance (+/- standard error) of seedlings germinating in the first 

phase of the soil seed bank experiment in each flood treatment from each flood 

frequency belonging to a.) the Annual Forb plant group and b.) the Annual 

Monocot plant group.  Letters indicate homogeneous subsets for flood treatment 

determined from Tukey’s b post hoc test (p < 0.05).  Data for the Perennial Forb 

and Perennial Monocot plant groups are not shown due to their low abundance. 
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Table 6.4  Effects of flood treatment and flood frequency on the abundance (transformed) 

of seedlings germinating in each major plant group in the first phase of the soil 

seed bank experiment.  Results of two-way ANOVA showing homogeneous 

subsets for flood frequency determined by Tukey’s b post hoc test (p < 0.05). 

 

Source DF Type III 
SS 

Mean 
Square 

F 
Value 

Sig. Homogene-
ous subsets 
for Flood 

Frequency 

      H M L 

Annual Forbs      a a b 
Treatment 3 20.859 6.953 39.261 <0.001    
Flood Frequency 2 3.373 1.687 9.525 <0.001    
Treatment * Flood Frequency 6 3.011 0.502 2.833 0.013    

Error 108 19.126 0.177      
Total 120 115.893       
Corrected Total 119 46.369       
Annual Monocots      a a a 
Treatment 3 9.926 3.309 19.135 <0.001    
Flood Frequency 2 0.885 0.422 2.558 0.082    
Treatment * Flood Frequency 6 0.337 0.056 0.325 0.923    

Error 108 18.674 0.173      
Total 120 54.926       
Corrected Total 119 29.822       
Perennial Forbs      a a a 
Treatment 3 0.084 0.028 0.977 0.406    
Flood Frequency 2 0.079 0.040 1.379 0.256    
Treatment * Flood Frequency 6 0.136 0.023 0.792 0.578    

Error 108 3.095 0.023      
Total 120 3.618       
Corrected Total 119 3.395       
Perennial Monocots      a a a 
Treatment 3 0.413 0.138 2.800 0.043    
Flood Frequency 2 0.126 0.063 1.284 0.281    
Treatment * Flood Frequency 6 0.402 0.067 1.364 0.236    

Error 108 5.308 0.049      
Total 120 7.457       
Corrected Total 119 6.250       

 1  - H = High, M = Medium and L = Low 
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The species richness of seedlings germinating from trays in the second phase of 

the experiment was significantly influenced by overall flood treatment but not by 

the flood frequency of sites where samples were collected from (Figure 6.7, Table 

6.5).  Species richness was significantly higher in samples which were flooded 

during the second experimental phase, i.e. RF (rain for 12 weeks in the first phase 

and flooded for 8 weeks, damp for 4 weeks in the second phase) and FF (flooded 

for 8 weeks, damp for 4 weeks in both phases), than those which were not, i.e. RR 

(rain for 12 weeks in both phases) and FR (flooded for 8 weeks, damp for 4 weeks 

in the first phase and rain for 12 weeks in the second phase), but no significant 

difference was found between trays which were flooded in the first phase of the 

experiment and those which were not (Figure 6.7, Table 6.5).  However, in the 

trays from the low flood frequency sites, species richness tended to be greater 

under the RF treatment than under the FF treatment (Figure 6.7).  The total 

abundance of seedlings germinating from trays during the second phase of the 

experiment was also significantly influenced by overall flood treatment as very 

few seedlings germinated from the RR or FR treatments (Figure 6.8, Table 6.5).  

Additionally, significantly fewer seedlings germinated from trays which had been 

flooded in the first experimental phase, i.e. under the FF treatment (Figure 6.8, 

Table 6.5).  Total seedling abundance was also significantly higher in trays from 

the medium flood frequency sites (Figure 6.8, Table 6.5). 
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Figure 6.7  Mean species richness (+/- standard error) of seedlings germinating in the 

second phase of the soil seed bank experiment in each overall flood treatment 

from each flood frequency.  Letters indicate homogeneous subsets for flood 

treatment determined from Tukey’s b post hoc test (p < 0.05). 
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Figure 6.8  Mean total abundance (+/- standard error) of seedlings germinating in the 

second phase of the soil seed bank experiment in each overall flood treatment 

from each flood frequency.  Letters indicate homogeneous subsets for flood 

treatment determined from Tukey’s b post hoc test (p < 0.05). 
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Table 6.5  Effects of overall flood treatment and flood frequency on species richness and 

total abundance (transformed) of seedlings germinating in the second phase of the  

soil seed bank experiment.  Results of two-way ANOVA showing homogeneous 

subsets for flood frequency determined by Tukey’s b post hoc test (p < 0.05). 

 
Source DF Type III 

SS 
Mean 

Square 
F 

Value 
Sig. Homogeneous 

subsets for 
Flood 

Frequency1

      H M L 

Species Richness      a a a 

Treatment 3 93.900 31.300 32.947 <0.001    
Flood Frequency 2 2.467 1.233 1.298 0.277    
Treatment * Flood 

Frequency 

6 4.200 0.700 0.737 0.621    

Error 108 102.600 0.950      

Total 120 304.000       
Corrected Total 119 203.167       
Total Abundance      a b a 

Treatment 3 15.007 5.002 51.166 <0.001    
Flood Frequency 2 0.843 0.422 4.312 0.016    
Treatment * Flood 

Frequency 

6 0.917 0.153 1.564 0.165    

Error 108 10.559 0.098      

Total 120 42.686       
Corrected Total 119 27.327       

1  - H = High, M = Medium and L = Low 

 

During the course of the second experimental phase, no seedlings belonging to the 

Annual Monocot, Perennial Forb or Perennial Monocot plant groups germinated 

from trays under the RR or FR treatments.  Furthermore, seedling abundance in 

each of these major plant groups was significantly higher in trays under the RF 

treatment than the FF treatment (Figure 6.9, Table 6.6).  In the Annual Forb plant 

group, seedling abundance was significantly higher in both the RF and FF 

treatments than in the RR or FR treatments, but did not differ significantly within 

these groups (Figure 6.9, Table 6.6).  Annual Forb seedling abundance was also 

significantly higher in trays from the medium flood frequency sites (Figure 6.9, 

Table 6.6).  Perennial Forb seedling abundance was greatest in trays from the 
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high flood frequency sites and absent from those from the low flood frequency 

sites (Table 6.6).  Flood frequency did not, however, significantly influence 

seedling abundance in the Annual Monocot or Perennial Monocot plant groups 

(Table 6.6). 
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Figure 6.9  Mean abundance (+/- standard error) of seedlings germinating in the second 

phase of the soil seed bank experiment in each overall flood treatment from each 

flood frequency belonging to a.) the Annual Forb plant group and b.) the Annual 

Monocot plant group.  Letters indicate homogeneous subsets for flood treatment 

determined from Tukey’s b post hoc test (p < 0.05).  Data for the Perennial Forb 

and Perennial Monocot plant groups are not shown due to their low abundance. 
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Table 6.6  Effects of flood treatment and flood frequency on the abundance (transformed) 

of seedlings germinating in each major plant group in the second phase of the soil 

seed bank experiment.  Results of two-way ANOVA showing homogeneous 

subsets for flood frequency determined by Tukey’s b post hoc test (p < 0.05). 

 
Source DF Type III 

SS 
Mean 

Square 
F 

Value 
Sig. Homogene-

ous subsets 
for Flood 

Frequency 

      H M L 

Annual Forbs      a b a 

Treatment 3 9.598 3.199 31.797 <0.001    
Flood Frequency 2 1.159 0.580 5.761 0.004    
Treatment * Flood 

Frequency 

6 1.220 0.203 2.022 0.069    

Error 108 10.866 0.101      

Total 120 33.213       
Corrected Total 119 22.844       
Annual Monocots      a a a 

Treatment 3 1.664 0.555 11.050 <0.001    
Flood Frequency 2 0.014 0.007 0.142 0.868    
Treatment * Flood 

Frequency 

6 0.270 0.045 0.898 0.499    

Error 108 5.422 0.050      

Total 120 8.580       
Corrected Total 119 7.371       
Perennial Forbs      a ab b 

Treatment 3 0.180 0.06 3.602 0.016    
Flood Frequency 2 0.134 0.067 4.027 0.021    
Treatment * Flood 

Frequency 

6 0.156 0.026 1.562 0.165    

Error 108 1.800 0.017      

Total 120 2.409       
Corrected Total 119 2.270       
Perennial Monocots      a a a 

Treatment 3 0.100 0.033 3.427 0.020    
Flood Frequency 2 0.005 0.003 0.259 0.772    
Treatment * Flood 

Frequency 

6 0.034 0.006 0.586 0.741    

Error 108 1.053 0.010      

Total 120 1.271       
Corrected Total 119 1.193       

 1  - H = High, M = Medium and L = Low 
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6.3.2  Germination Responses from Seeds of Individual Species 

 

Seeds of different species exhibited a wide range of germination responses 

(Tables 6.7 and 6.8).  Four species did not germinate at all during the experiment 

including two members of the Poaceae family in the Perennial Monocot plant 

group, Eragrostis eriopoda and Sporobolus actinocladus, the Shrub species 

Muehlenbeckia florulenta (Polygonaceae) and the Perennial Sub-shrub 

Sclerolaena muricata (Chenopodiaceae).  In a further four species, germination 

was extremely low with only one seed germinating in the Perennial Monocot 

Sporobolus mitchellii (Poaceae) and the Perennial Forb Malvastrum americanum 

(Malvaceae).  Only two seeds germinated in the Perennial Monocot Eriochloa 

crebra and the Annual Forb Glossostigma diandra (Scrophulariaceae).  In the 

Annual Forb Cullen cinereum (Fabaceae), seven individual seeds germinated 

during the course of the experiment.  However, these germinated across six 

different Petri dishes with two seeds germinating in one of these (Tables 6.7 and 

6.8).   

 

High germinability was recorded in seven species, with the most germinable 

species including the Annual Forbs Portulaca oleracea (Portulacaceae) and 

Lepidium sagittulatum (Brassicaceae) (Table 6.7).  All of the species with high 

germinability belonged to the Annual Forb plant group with the exception of the 

Perennial Forb Goodenia fascicularis (Goodeniaceae) and the Perennial Monocot 

Cyperus bifax (Cyperaceae) which also germinated to reasonably high percentages 

(Tables 6.7 an 6.8).  Species with intermediate germinability included the 

remaining five Annual Forb species, the Annual Monocot Cyperus difformis 

(Cyperaceae), the Perennial Sub-shrub Atriplex angulata (Chenopodiaceae) and 

the Shrub species Chenopodium auricomum (Chenopodiaceae) (Table 6.7). 

 

Throughout the experiment, only three species exhibited fast germination speeds 

including the highly germinable L. sagittulatum (Table 6.7).  Half of the species 

which germinated were classified as slow germinators and the other seven species 

as medium speed germinators (Table 6.7).  No clear relationship between  
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germinability and speed was evident as species with high germinability were  

spread across each of the three speed categories (Table 6.7).  All of the species 

with low germinability, however, were also slow germinators with the exception 

of Cullen cinereum which was a medium speed germinator (Table 6.7). 

 

Table 6.7  Germinability and speed of germination for each species in the individual 

species germination experiment under the treatment combination which resulted 

in the highest germination percentage.  

 
Species Germinability Speed Treatment 

 

Category GT Category T50 Flooded/ 
Damp 

Temp 

°C 

Aeschynomene indica Intermediate 15 Medium 5 Damp 35 
Alternanthera nodiflora High 60 Medium 5 Damp 25 
Ammania multiflora High 50 Slow 11 Flooded 35 
Atriplex angulata Intermediate 40 Fast 3 Damp 25 
Centipeda minima Intermediate 30 Slow 16 Flooded 35 
Chamaesyce drummondii Intermediate 40 Fast 2 Damp 35 
Chenopodium auricomum Intermediate 15 Slow 12 Damp 25 
Corchorus trilocularis Intermediate 15 Medium 4 Flooded 25 
Cullen cinereum Low 10 Medium 5 Damp 25 
Cyperus bifax High 65 Medium 6 Damp 25 
Cyperus difformis Intermediate 25 Slow 15 Damp 25 
Eragrostis eriopoda Low 0 - - - - 
Eriochloa crebra Low 5 Slow 7 Both 25 
Glossostigma diandra Low 5 Slow 22/11 Flooded 35/25 
Goodenia fascicularis High 70 Slow 11 Flooded 25 
Lepidium sagittulatum High 85 Fast 3 Flooded 25 
Malvastrum americanum Low 5 Slow 7 Flooded 25 
Muehlenbeckia florulenta Low 0 - - - - 
Phyllanthus virgatus Intermediate 15 Medium 4 Flooded 35 
Portulaca oleracea High 90 Medium 4 Flooded 25 
Sclerolaena muricata Low 0 - - - - 
Sporobolus actinocladus Low 0 - - - - 
Sporobolus mitchellii Low 5 Slow 18 Flooded 25 
Trigonella suavissima High 50 Slow 8 Flooded 25 
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GT (total germination %) was significantly affected by temperature in four species 

(Tables 6.8 and 6.10).  Two of these species, Lepidium sagittulatum and Atriplex 

angulata only germinated in Petri dishes in the 25°C incubator.  Goodenia 

fascicularis also had significantly higher GT at this temperature.  Centipeda 

minima was the only species for which GT was significantly higher at 35°C 

(Table 6.8 and 6.10).  In three species, Trigonella suavissima, Goodenia 

fasicularis and Cyperus difformis, GT was significantly higher under the flooded 

watering treatment (Tables 6.8 and 6.10).  No species exhibited higher GT under 

the damp watering treatment with the exception of Cyperus bifax for which GT 

tended to be greater in the damp treatment in the 25°C incubator (Tables 6.8 and 

6.10).  However, as there was no difference between watering treatments for this 

species in the 35°C, there was a significant interaction term.  T50 (time taken for 

50 % of germinating seeds to germinate) for C. bifax tended to be lower in the 

flooded treatment but again there was significant interaction with temperature 

(Tables 6.9 and 6.10).  In both Alternanthera nodiflora and Ammania multiflora 

T50 was significantly lower at 35°C (Table 6.9 and 6.10).  No further effects of 

temperature or watering treatment on T50 were evident. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 6.  Germination Responses to Flooding 

 

140
 

Table 6.8  Effects of watering treatment and temperature on mean total germination 

percentage (GT) (+/- standard error) for each species in the individual species 

germination experiment. 

 
Species 25°C 35°C 

 
Flooded Damp Flooded Damp 

 
Mean SE Mean SE Mean SE Mean SE 

Aeschynomene indica 3.33 1.67 1.67 1.67 3.33 3.33 6.67 4.41 
Alternanthera nodiflora 18.33 6.01 36.67 11.67 31.67 8.33 41.67 4.41 
Ammania multiflora 16.67 8.82 15.00 5.00 41.67 6.01 11.67 4.41 
Atriplex angulata 23.33 1.67 28.33 6.01 0.00 0.00 0.00 0.00 
Centipeda minima 1.67 1.67 0.00 0.00 18.33 6.01 11.67 3.33 
Chamaesyce drummondii 6.67 3.33 10.00 10.00 16.67 3.33 26.67 8.82 
Chenopodium auricomum 1.67 1.67 10.00 5.00 5.00 2.89 1.67 1.67 
Corchorus trilocularis 5.00 5.00 3.33 3.33 3.33 3.33 0.00 0.00 
Cullen cinereum 1.67 1.67 5.00 2.89 1.67 1.67 3.33 1.67 
Cyperus bifax 31.67 8.33 58.33 4.41 40.00 2.89 30.00 7.64 
Cyperus difformis 16.67 1.67 8.33 8.33 18.33 1.67 0.00 0.00 
Eragrostis eriopoda 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Eriochloa crebra 1.67 1.67 1.67 1.67 0.00 0.00 0.00 0.00 
Glossostigma diandra 1.67 1.67 0.00 0.00 1.67 1.67 0.00 0.00 
Goodenia fascicularis 58.33 7.26 16.67 10.14 8.33 3.33 1.67 1.67 
Lepidium sagittulatum 66.67 13.64 51.67 17.64 0.00 0.00 0.00 0.00 
Malvastrum americanum 1.67 1.67 0.00 0.00 0.00 0.00 0.00 0.00 
Muehlenbeckia florulenta 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Phyllanthus virgatus 5.00 2.89 3.33 3.33 6.67 4.41 3.33 3.33 
Portulaca oleracea 53.33 20.28 23.33 8.82 23.33 6.67 13.33 13.33 
Sclerolaena muricata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sporobolus actinocladus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Sporobolus mitchellii 1.67 1.67 0.00 0.00 0.00 0.00 0.00 0.00 
Trigonella suavissima 35.00 7.64 25.00 7.64 41.67 3.33 16.67 4.41 

 

 

 

 

 

 

 

 



Chapter 6.  Germination Responses to Flooding 

 

141
 

Table 6.9  Effects of watering treatment and temperature on mean time taken for 50 % of 

germinating seeds to germinate (T50) (days) (+/- standard error) for each species 

in the individual species germination experiment. (- indicates that no seeds 

germinated under this treatment combination). 

 
Species 25°C 35°C 

 
Flooded Damp Flooded Damp 

 
Mean SE Mean SE Mean SE Mean SE 

Aeschynomene indica 10.00 5.77 0.67 0.67 0.33 0.33 13.00 7.51 
Alternanthera nodiflora 2.67 0.33 3.67 0.33 2.00 0.00 2.33 0.33 
Ammania multiflora 9.67 4.84 14.67 0.67 11.00 1.73 8.67 1.20 
Atriplex angulata 2.33 0.33 3.00 0.58 - - - - 
Centipeda minima 7.33 7.33 - - 16.67 0.67 21.33 2.73 
Chamaesyce drummondii 7.67 6.69 1.33 1.33 15.33 3.84 2.00 0.00 
Chenopodium auricomum 6.33 6.33 8.00 4.00 11.33 5.78 8.67 8.67 
Corchorus trilocularis 1.33 1.33 1.33 1.33 5.67 5.67 - - 
Cullen cinereum 6.33 6.33 4.67 2.60 5.33 5.33 2.00 1.15 
Cyperus bifax 7.00 1.00 6.00 0.00 5.67 0.33 12.67 2.33 
Cyperus difformis 7.67 1.86 5.00 5.00 8.67 0.67 - - 
Eragrostis eriopoda - - - - - - - - 
Eriochloa crebra 2.33 2.33 2.33 2.33 - - - - 
Glossostigma diandra 3.67 3.67 - - 7.33 7.33 - - 
Goodenia fascicularis 11.00 0.00 10.00 5.03 14.00 4.04 2.67 2.67 
Lepidium sagittulatum 6.00 0.58 4.33 0.33 - - - - 
Malvastrum americanum 2.33 2.33 - - - - - - 
Muehlenbeckia florulenta - - - - - - - - 
Phyllanthus virgatus 4.00 2.31 1.67 1.67 2.33 1.20 1.33 1.33 
Portulaca oleracea 3.33 0.67 3.33 0.67 8.00 2.89 0.67 0.67 
Sclerolaena muricata - - - - - - - - 
Sporobolus actinocladus - - - - - - - - 
Sporobolus mitchellii 6.00 6.00 - - - - - - 
Trigonella suavissima 9.33 0.88 12.33 5.61 17.33 2.19 4.67 0.33 
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Table 6.10  Species for which watering treatment and/ or temperature significantly 

influenced total germination percentage (GT) (transformed).  Results of             

two-way ANOVA. 

 

Source DF Type III 
SS 

Mean 
Square 

F Value Sig. 

      
Atriplex angulata      
Treatment 1 0.003 0.003 0.524 0.490 
Temperature 1 6.024 6.024 967.905 <0.001 
Treatment * Temperature 1 0.003 0.003 0.524 0.490 
Error 8 0.050 0.006   
Total 12 12.104    
Corrected Total 11 6.080    
Centipeda minima      
Treatment 1 0.147 0.147 1.873 0.208 
Temperature 1 3.147 3.147 40.058 <0.001 
Treatment * Temperature 1 0.004 0.004 0.055 0.820 
Error 8 0.628 0.079   
Total 12 8.869    
Corrected Total 11 3.927    
Cyperus bifax      
Treatment 1 0.015 0.015 0.541 0.483 
Temperature 1 0.024 0.024 0.868 0.379 
Treatment * Temperature 1 0.150 0.150 5.411 0.048 
Error 8 0.222 0.028   
Total 12 30.237    
Corrected Total 11 0.411    
Cyperus difformis      
Treatment 1 3.166 3.166 18.717 0.003 
Temperature 1 0.140 0.140 0.828 0.389 
Treatment * Temperature 1 0.196 0.196 1.158 0.313 
Error 8 1.353 0.169   
Total 12 11.97    
Corrected Total 11 4.856    
Goodenia fascicularis      
Treatment 1 1.703 1.703 7.268 0.027 
Temperature 1 1.703 1.703 7.268 0.027 
Treatment * Temperature 1 0.026 0.026 0.110 0.748 
Error 8 1.875 0.234   
Total 12 16.518    
Corrected Total 11 5.308    
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Source DF Type III 
SS 

Mean 
Square 

F Value Sig. 

Lepidium sagittulatum      
Treatment 1 0.014 0.014 0.593 0.463 
Temperature 1 9.083 9.083 373.693 <0.001 
Treatment * Temperature 1 0.014 0.014 0.593 0.463 
Error 8 0.194 0.024   
Total 12 18.390    
Corrected Total 11 9.307    
Trigonella suavissima      
Treatment 1 0.254 0.254 7.232 0.028 
Temperature 1 0.002 0.002 0.061 0.811 
Treatment * Temperature 1 0.040 0.040 1.151 0.315 
Error 8 0.281 0.035   
Total 12 25.361    
Corrected Total 11 0.578    
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Table 6.11  Species for which watering treatment and/ or temperature significantly 

influenced time taken for 50 % of germinating seeds to germinate (T50) 

(transformed).  Results of two-way ANOVA. 

 

 

Source DF Type III 
SS 

Mean 
Square 

F Value Sig. 

      
Alternanthera nodiflora      
Treatment 1 0.016 0.016 4.848 0.059 
Temperature 1 0.040 0.040 11.845 0.009 
Treatment * Temperature 1 0.003 0.003 0.925 0.364 
Error 8 0.027 0.003   
Total 12 3.793    
Corrected Total 11 0.087    
Ammania multiflora      
Treatment 1 0.005 0.005 0.810 0.398 
Temperature 1 0.075 0.075 12.082 0.010 
Treatment * Temperature 1 0.006 0.006 0.970 0.357 
Error 7 0.044 0.006   
Total 11 13.463    
Corrected Total 10 0.133    
Cyperus bifax      
Treatment 1 0.046 0.046 7.177 0.028 
Temperature 1 0.031 0.031 4.832 0.059 
Treatment * Temperature 1 0.093 0.093 14.376 0.005 
Error 8 0.052 0.006   
Total 12 10.421    
Corrected Total 11 0.222    
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6.4 Discussion 

 
6.4.1  Germination Responses from the Soil Seed Bank 

 

Germination from the soil seed bank of the Cooper Creek floodplain appears to 

occur primarily in response to flooding and not rain.  The results of the soil seed 

bank experiment indicate that flood pulses stimulate the germination of a large 

number of seeds from a variety of species, particularly within the Annual Forb 

and Annual Monocot plant groups which comprise the bulk of the germinable soil 

seed bank (Chapter 5).  Very few seeds from a comparatively small number of 

species germinated under the Rain treatments (R / RR) in either experimental 

phase (Figures 6.4, 6.5, 6.7 and 6.8), despite the daily application of water which 

would be an unlikely occurrence in reality.  This suggests that rainfall events of 

high intensity leading to sustained periods of soil saturation may be necessary to 

induce any significant germination from the soil seed bank.  Conversely, flood 

pulses of all magnitudes probably result in sizable germination responses from 

inundated soil seed banks, the scale and diversity of which are likely to be 

influenced by hydrological attributes of the flood pulse. 

 

All of the flood pulse attributes manipulated in the soil seed bank experiment, e.g. 

duration of inundation, rate of drawdown and timing, were found to influence the 

germination outcome.  Duration of inundation, for example, significantly affected 

the abundance of seedlings germinating from the Annual Monocot plant group in 

the first phase of the experiment.   Annual Monocot seedling abundance was 

highest following 8 weeks of flooding (F treatment) but did not differ 

substantially between the RFD (rain for 4 weeks, flooded for 4 weeks and damp 

for 4 weeks) and FD (flooded for 4 weeks, damp for 8 weeks) treatments which 

were both inundated for the same time but with varying lengths of subsequent 

damp conditions (Figure 6.6).  Numerous species belonging to this plant group, 

e.g. members of the Poaceae and Cyperaceae families, are likely to possess seeds 

which germinate in close to anoxic conditions, e.g. Echinochloa turneriana 

(Poaceae) (Conover & Geiger, 1984b).  Consequently, longer periods of  
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inundation probably result in a higher proportion of seeds germinating from the 

soil seed banks of species in this plant group.  

 

Inundation duration did not have a similar influence on total seedling abundance, 

species richness or abundance of seedlings germinating from the Annual Forb 

plant group.  No significant differences were evident in any of these variables 

between the F and FD treatments in the first experimental phase, despite the 

variation in flood length (Figure 6.4, 6.5 and 6.5).  Significant differences were 

apparent, however, between the FD and RFD treatments within which inundation 

duration was constant but the length of damp conditions, i.e. duration of 

drawdown, reduced in the latter.  Many plants in the soil seed bank, Annual Forbs 

in particular, probably germinate during the damp or waterlogged conditions 

following inundation in accordance with observations of germination responses 

from other wetland soil seed banks (Boedeltje et al., 2002; Britton & Brock, 1994; 

Crossle & Brock, 2002; Leck, 1989; Smith & Kadlec, 1983; van der Valk & 

Davis, 1978).  Consequently, the overall duration of moisture availability 

associated with a flood pulse, e.g. duration of inundation as well as subsequent 

drawdown duration, is likely to be the primary determinant of the magnitude of a 

germination response in the Cooper Creek floodplain.   

 

The composition of seedlings germinating from the soil seed bank in response to 

flooding is likely to be closely related to flood pulse timing (Britton & Brock, 

1994), as indicated by the differences in germination responses between the two 

experimental phases (Table 6.2).  The most abundant species, e.g. Ammania 

multiflora, Cyperus difformis, Glossostigma diandra and Eragrostis tenellula, 

germinated in high numbers in both phases (Table 6.2).  Rare species, however, 

exhibited substantial differences between the experiment times with Annual and 

Perennial Monocots tending to germinate during the first phase, conducted under 

summer temperatures, and Annual and Perennial Forbs germinating during the 

winter temperatures of the second phase (Table 6.2).  The species belonging to 

these plant groups may therefore require different temperature regimes to break 

dormancy (Baskin & Baskin, 1998; Leck & Brock, 2000).     
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Germination responses from the soil seed bank in both experimental phases were 

also influenced by flood history, although, in all cases, flooding treatment had an  

overriding effect.  The flood frequency of sites from where samples were 

collected did not significantly influence the species richness of germinating 

seedlings (Tables 6.3 and 6.5).  However, in the first phase of the experiment, 

seedling abundance did decrease significantly with decreasing flood frequency 

(Table 6.3) and, in the second phase, was significantly higher in samples from 

medium flood frequency sites (Table 6.5).  These results suggest that similar 

species are likely to germinate from the soil seed bank in response to flood pulses 

in both high and low flood frequency zones, accounting for the increased 

similarity in plant community composition across the floodplain following a large 

flood pulse (Chapter 3).  The potential magnitude of a flow-induced germination 

response, however, might depend on flood history.  The lower abundance of 

germinable seeds in low flood frequency sites may be a result of fewer seeds 

arriving via hydrochory (Nilsson et al., 1991) or fewer opportunities for local 

reproductive events leading to soil seed bank replenishment.  

 

The magnitude of a germination response may additionally be affected by the time 

since last flood pulse.  In the second phase of the experiment, for example, total 

seedling abundance and the abundance of seedlings in the Annual Monocot plant 

group were significantly lower in samples flooded in both phases than in those 

flooded only in the second (Figure 6.8 and 6.9).  Brock and Rogers (1998) 

similarly found  a reduction in seedling abundance between consecutive 

germination trials from the soil seed bank of a South African floodplain.  

Amongst the Annual Forb plant group in the current study, however, there was no 

significant difference in abundance between the RF and FF treatments in the 

second phase of the experiment (Figure 6.9).  The most common species in both 

the Annual Forb and Annual Monocot plant groups germinated in high numbers in 

response to flooding in both experimental phases, even in samples which received 

consecutive flood treatments (Table 6.2).  This suggests that in many of these 

species, only a proportion of seeds in the soil seed bank germinate in response to 

any single flood pulse, concurring with observations of other temporary wetland  
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soil seed banks (Brock & Rogers, 1998; Haukos & Smith, 2001; Leck & Brock, 

2000).  In temporally variable environments such as the Cooper Creek floodplain, 

retaining seeds in the soil seed bank between germination events represents a life 

history trait via which plants may increase their opportunities for germination 

which leads to successful growth, reproduction and replenishment of the soil seed 

bank (Pake & Venable, 1996; Venable & Lawlor, 1980). 

 

6.4.2  Germination Responses from Seeds of Individual Species 

 

Seeds belonging to the common plant species of the Cooper Creek floodplain 

examined in the individual species germination experiment, exhibit a range of 

germination responses, from low to high germinability and slow to fast speeds of 

germination.  High germinability was observed amongst seven species during the 

course of the experiment and only two of these exhibited total germination 

percentages (GT) greater than 80 %, i.e. the Annual Forbs Lepidium sagittulatum 

and Portulaca oleracea.  Although viability of remaining seeds was not tested, 

this observation supports the hypothesis that many species in the Cooper Creek 

floodplain do not all germinate in the same wetting event, therefore leaving seeds 

for subsequent germination events.  

 

Studies of arid zone plants often report rapid germination speeds in response to 

water availability (Haukos & Smith, 2001; Jurado & Westoby, 1992).  In this 

experiment, however, only three species (the Annual Forbs L. sagittulatum and 

Chamaesyce drummondii and the Perennial Sub-shrub Atriplex angulata) 

exhibited fast germination speeds.  The medium and slow germination speeds 

observed in the majority of species may reflect a requirement by plants in the 

Cooper Creek floodplain for sustained periods of water availability resulting from 

flood pulses rather than short rainfall events as in other arid landscapes (Freas & 

Kemp, 1983; Jurado & Westoby, 1992).  Alternatively, additional germination 

requirements in many of the slow germinating species may not have been met 

under the conditions of this experiment.  This is particularly likely to be the case 

in Annual Forbs belonging to the Fabaceae family, e.g. Cullen cinereum and  
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Aeschynomene indica, for which scarification is necessary to break their hard seed 

coats allowing imbibition to occur (Baskin & Baskin, 1998; Grime et al., 1981; 

Jurado & Westoby, 1992).  Seeds of species belonging to the Poaceae family may 

also require scarification to remove external dispersal structures (Baskin & 

Baskin, 1998; Conover & Geiger, 1984a).  These species either germinated to 

extremely low percentages or not at all during this experiment, despite the 

reasonable abundance of some of these in the soil seed bank experiment (e.g. C. 

cinereum and Eragrostis eriopoda) (Table 6.2).  Seeds are therefore likely to 

undergo some external treatments which break dormancy whilst residing in the 

soil seed bank.  In the species which did not germinate at all, seeds may have lost 

viability between collection and the germination experiment, although this was 

not tested. 

 

In the majority of species which did germinate, no significant variation in 

germination percentages or germination speeds was detected between different 

flooding or temperature treatments.  Germination under turbid and deep 

floodwaters, however, may be prevented by the light requirement apparent for 

many species from the pilot study (Baskin & Baskin, 1998; Leck, 1989) (Table 

6.1).  Floodwaters are likely to be extremely turbid in the Cooper Creek catchment 

as Secchi depths reported from waterholes in the region range between 6 and       

15 cm (Bunn et al., 2003).  Consequently, numerous species studied here are 

likely to germinate opportunistically, regardless of temperature, provided that 

light and water availability are sufficient, i.e. following high intensity rainfall 

events, under shallow inundation or during periods of drawdown.  This was also 

evident amongst the most common species germinating during the soil seed bank 

experiment (Table 6.2).  

 

Germination responses were significantly affected by flooding in three species.  

The Annual Forb Trigonella suavissima, the Perennial Forb Goodenia fascicularis 

and the Annual Monocot Cyperus difformis all germinated to higher percentages 

under the flooded treatment.  Germinability was intermediate in C. difformis and 

high in the other two species, but germination speed was slow amongst all three. 
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This may represent a life history strategy whereby a large proportion of seeds 

germinate in a single event but only following a sustained period of suitable 

environmental conditions which, in the case of these species, is likely to include 

inundation (Jurado & Westoby, 1992).  A slightly higher number of species 

exhibited germination responses that were significantly influenced by 

temperature, including Alternanthera nodiflora and Ammania multiflora which  

had faster germination speeds at 35°C.  The Annual Forb Lepidium sagittulatum, 

the Perennial Forb G. fascicularis and the Perennial Sub-shrub Atriplex angulata  

all germinated to higher percentages at  25°C, supporting the observation from the 

soil seed bank experiments that forb species are more likely to germinate in 

response to flood pulses which occur during winter.  This may prevent such plants 

from germinating at times when soil moisture is unlikely to be persistent due to 

high evaporation rates (Britton & Brock, 1994).         

 

Overall, the results of both the individual species and soil seed bank germination 

experiments indicate that duration of moisture availability, particularly inundation 

and drawdown duration of flood pulses, in addition to their timing are likely to be 

the major factors influencing the scale and diversity of germination responses.  

Consequently, germination appears to be a key process determining shifts in plant 

community composition following flood pulses in the Cooper Creek floodplain.  

Other aspects of plant life histories, e.g. dispersal, growth and reproduction, may 

also be influenced by flow, contributing further to spatial and temporal patterns in 

vegetation composition and structure.   
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Chapter 7.   
Growth and Dispersal Responses to Flooding 

of Common Arid Floodplain Plants 
 

 

7.1  Introduction  

 

The persistence of plant species in a particular environment depends on the 

success of each life history stage under prevailing allogenic conditions.  In 

addition to germination, propagule dispersal, seedling growth and reproduction 

can all be considered as important determinants of plant community composition 

(Coops & Van der Velde, 1995; van der Valk, 1981).  The subsequent growth and 

success of reproductive phases of plant life histories will also contribute to the 

future availability of propagules and therefore species persistence at a location 

(Crossle & Brock, 2002).  In wetlands, plant propagule dispersal, germination, 

growth and reproduction may all be influenced by flow characteristics, e.g. water 

presence or absence and inundation depth, duration or timing (Blom et al., 1990; 

Blom & Voesenek, 1996; Nilsson et al., 2002; Nilsson et al., 1991).  

Consequently, flow has the capacity to structure wetland plant community 

composition through its role in determining the outcome of each of these life 

history stages (Blom et al., 1990; Brock & Casanova, 1997; Coops & Van der 

Velde, 1995; Lenssen et al., 1999; van der Valk, 1981). 

 

Following germination, discussed in Chapter 6, seedling survival is the next 

‘sieve’ determining wetland plant community composition (Coops & Van der 

Velde, 1995) and flow conditions are likely to have a significant influence on 

which species are able to establish and reach reproductive maturity.  In the 

majority of terrestrial plants, stresses associated with flooding, e.g. soil anoxia and 

toxicity, result in the cessation of growth and eventual mortality (Blom & 

Voesenek, 1996).  Wetland plants, however, usually exhibit life history traits  



Chapter 7.  Growth and Dispersal Responses to Flooding 

 

152
 

that facilitate either tolerance or temporal escape from these stresses (Cronk & 

Fennessy, 2000; Hook, 1984; Menges & Waller, 1983).  Under Grime’s C-S-R 

scheme (Grime, 1979), these may be considered respectively as stress-tolerators, 

with low growth rates and reproductive effort, and ruderals, with high growth 

rates and reproductive effort.  Tolerance of flooding is achieved in wetland plants 

through a variety of morphological and physiological growth traits, the most 

common of which include aerenchyma production and rapid shoot, petiole and 

leaf elongation enabling emergence from submerged conditions (Blom et al., 

1990; Blom & Voesenek, 1996; Cooling et al., 2001; Hook, 1984).  Production of 

adventitious roots and increased branching of lateral roots are also frequently 

observed responses to flooding amongst wetland plants (Blom et al., 1990).  

Alternatively, ruderal wetland plants persist through inundation as dormant 

propagules which germinate during drawdown conditions (Menges & Waller, 

1983).  Continued survival of ruderal species, therefore, depends on their ability to 

rapidly complete their life cycles between flood events. 

 

Flow may additionally affect plant community composition prior to germination 

and seedling establishment by influencing the dispersal of propagules (Coops & 

Van der Velde, 1995; Nilsson et al., 2002; Nilsson et al., 1991).  Movement of 

seeds by water, or hydrochory, is often the principal mode of seed dispersal within 

a wetland and many wetland plants possess seeds that have some degree of 

buoyancy, often due to small seed size or, in larger seeded species, hard seed coats 

containing gas spaces (Coops & Van der Velde, 1995; Cronk & Fennessy, 2000).  

Differences between the seed floating capacities of species may relate to their 

distribution within a particular environment (Nilsson et al., 2002).  In shallow 

wetlands, for example, highly buoyant seeds can be widely dispersed by 

hydrochory and subsequently form conspicuous components of the soil seed bank 

(Brock, 1998; Haukos & Smith, 1994). 

 

In Chapter 6, germination responses to flooding were investigated across a range 

of common arid floodplain plant species.  This chapter considers the role of flow 

in shaping the outcomes of other plant life history stages, i.e. growth and  

 



Chapter 7.  Growth and Dispersal Responses to Flooding 

 

153
 

dispersal, which may also contribute to spatial and temporal patterns in arid 

floodplain vegetation.  The major aim of this chapter was to determine how 

common plants of the Cooper Creek floodplain respond to flow during growth or 

dispersal phases of their life histories.  Additionally, it was sought to relate these 

responses to the germination patterns described for these species in Chapter 6 and 

their spatial and temporal distribution as found in Chapters 3, 4 and 5.  As 

germination in Annual Forb species appears to occur predominantly during damp 

drawdown conditions (Chapter 6), it was expected that seedling growth in these 

species would also be favoured by damp rather than submerged conditions.  

Conversely, it was predicted that seedling growth in Annual Monocot species 

would occur under submerged conditions as it is likely that these species 

germinate during inundation (Chapter 6).  Additionally, it was expected that the 

majority of common species would exhibit rapid growth rates that would enable 

successful reproduction to occur within the short periods during which sufficient 

soil moisture might be available. 

 

Results are presented from two experiments designed to explore the following 

questions: 

 

1. How does flooding influence seedling growth amongst common arid 

floodplain plants and does this relate to their germination characteristics 

(Chapter 6)? 

 

2. Do common arid floodplain plants possess buoyant seeds which are likely to 

be dispersed by hydrochory? 

 

7.2 Methods 

 

7.2.1  Growth Experiment 

 

Ten species were selected for the growth experiment, including the Annual 

Monocots, Cyperus difformis (Cyperaceae) and Eragrostis tenellula (Poaceae),  
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the Perennial Monocot, Cyperus bifax (Cyperaceae) and the Annual Forbs  

Ammania multiflora (Lythraceae), Lepidium sagittulatum (Brassicaceae), 

Aeschynomene indica (Fabaceae), Cullen cinereum (Fabaceae), Corchorus 

trilocularis (Tiliaceae), Alternanthera nodiflora (Amaranthaceae) and Centipeda 

minima (Asteraceae).  These species represented those common species for which 

germinable seeds were available following the germination from seed experiment 

(Chapter 6).  All of these species, with the exception of Corchorus trilocularis, 

also germinated frequently from the soil seed bank (Chapters 5 and 6).  Prior to 

the growth experiment, seeds of each species were germinated in incubators under 

the conditions found appropriate in the germination experiment (Chapter 6).  

Seeds of Aeschynomene indica and Cullen cinereum were also scarified with  

sandpaper in this instance, greatly increasing their germination percentages.   

Seedlings of Eragrostis tenellula, which was the only species not included in the 

seed germination experiment, were germinated in the glasshouse from damp soil 

seed bank material remaining from the soil seed bank experiment (Chapter 6).   

 

Approximately 10 days after germination occurred, fifteen seedlings from each 

species were transferred to individual plastic pots, 5 cm in diameter and 7 cm 

deep.  Pots were filled to within 2 cm of the rim with soil collected from the 

Cooper Creek floodplain.  This soil had been sterilised in shallow trays placed in 

ovens at 120 °C for a period of 4 hours in order to decrease the likelihood of other 

seeds germinating during the course of the experiment.  Prior to potting, 

maximum root length and shoot length (taken from the shoot base to the tip of the 

longest leaf) and the number of leaves were recorded for each seedling.  

Transplanted seedlings were then placed randomly inside large plastic tubs, 50 cm 

x 35 cm and 15 cm deep, filled with tap water and arranged on tables in the 

glasshouse.   

 

Pots were assigned to one of three watering treatments: 1. Flooded, 2. Damp and 

3. Rain.  Flooded pots were placed at the bottom of the plastic tubs providing a 

water depth of 10 cm over the soil surface.  Plastic stands were used to raise pots 

so the soil surface was at the water level in the damp treatment and above this by  
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approximately 3 cm in the rain treatment (Figure 7.1).   As in the soil seed bank 

germination experiments (Chapter 6), rain was simulated by spraying with a hose 

for a period of approximately 5 minutes until the soil surface appeared saturated.  

This treatment was applied daily to all pots including the damp and flooded 

treatments.  Water levels in the large plastic tubs were maintained with daily 

additions following delivery of the rain treatment where necessary.  After 4 

weeks, seedlings were removed from pots and their maximum root length, shoot 

length and number of leaves were again measured.  Any plants which were 

flowering at this time were also recorded.  The experiment was conducted in 

January 2003, during which time glasshouse temperature ranged between 25 °C 

and 45 °C. 
 

15 cm 
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Large plastic tub 
filled with water 
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Treatment
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Figure 7.1  Diagram illustrating set up of watering treatments used in the growth 

experiment (not drawn to scale). 

 

7.2.2  Growth Experiment Data Analysis 

 

For each seedling, changes in root length (∆R), shoot length (∆S) and the number 

of leaves (∆L) were calculated by subtracting the respective values measured at 

the end of the experiment from those recorded prior to potting.  ANOVA was 

performed on untransformed variables for each species to determine the effects of 
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the watering treatments. The SPSS statistical package was used for this analysis 

(SPSS, 2001).  Seedlings which died during the experiment were excluded from 

the analysis creating unequal sample sizes in several species.  Consequently, 

caution was taken in interpreting the results of the analysis and a significance 

level of p ≤ 0.001 was employed (Quinn & Keough, 2002).  Shoot : Root ratios, 

based on maximum lengths at the end of the experiment, were also calculated for 

each of the surviving plants.   

 

7.2.3  Seed Buoyancy Experiment 

 

Twelve species for which sufficient seed remained available from the field seed 

collections (Chapter 6) were selected for a seed buoyancy experiment conducted  

in April 2003.  These included all of the species used in the growth experiment 

with the exception of Cullen cinereum, for which sufficient seed numbers were 

not available, and Eragrostis tenellula, for which seeds were not collected.  Four 

additional species for which adequate seed numbers remained following the 

germination experiment (Chapter 6) included the Perennial Forb Malvastrum 

americanum (Malvaceae), the Annual Forb Phyllanthus virgatus (Euphorbiaceae), 

the Shrub Chenopodium auricomum (Chenopodiaceae) and the Perennial 

Monocot Sporobolus mitchellii (Poaceae).  (These species were not used in the 

growth experiment as sufficient seedlings could not be germinated at the time.)  

For each species, 90 seeds were divided evenly between three 50 ml plastic 

beakers filled with tap water.  Dispersal structures of seeds were kept intact.  

Beakers were stirred daily, following the method used by Pettit (2000), and the 

number of seeds floating recorded each day over a period of 2 weeks.  Any seeds 

which germinated during this time were also recorded.   

 

7.2.4  Seed Buoyancy Experiment Data Analysis 

 

The time taken for 50 % (FT50) and 90 % (FT90) of seeds to sink were calculated 

for each beaker.  ANOVA and Tukey’s b post hoc test were then used on 

untransformed variables to detect differences between means of each species.    
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7.3  Results 

 

7.3.1  Growth Experiment 

 

During the course of the four week growth experiment, mortality occurred in all 

seedlings subjected to the rain treatment with the exception of a single 

Alternanthera nodiflora seedling (Table 7.1).  Survivorship was also extremely 

low amongst Lepidium sagittulatum seedlings, for which only one seedling, in the 

damp treatment, survived.  In Corchorus trilocularis, surviving seedlings were 

limited to two in the damp and one in the flooded treatments.  Only four  

Centipeda minima seedlings remained alive at the end of the experiment and these 

were all from the damp treatment.  

 

Table 7.1  Number of seedlings in each species surviving the duration of the growth 

experiment under each watering treatment. (N.B. Initial number of seedlings    

was 5 per treatment). 

 

Species Watering Treatment 

 Flooded Damp Rain 

Aeschynomene indica 5 5 0 
Alternanthera nodiflora 2 4 1 
Ammania multiflora 4 5 0 
Centipeda minima 0 4 0 
Corchorus trilocularis 1 2 0 
Cullen cinereum 4 5 0 
Cyperus bifax 5 2 0 
Cyperus difformis 5 5 0 
Eragrostis tenellula 5 5 0 
Lepidium sagittulatum  0 1 0 

 

Amongst the majority of surviving seedlings, maximum root length increased 

during the 4 week experiment period (Figure 7.2).  However, in the Alternanthera 

nodiflora seedling surviving the rain treatment and the single Corchorus 

trilocularis seedling remaining in the flooded treatment, maximum root length  

decreased (Figure 7.2).  The greatest change in root length (∆R) occurred in  
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Eragrostis tenellula, Cyperus difformis and Ammania multiflora and the lowest in 

Cyperus bifax and the sole surviving Lepidium sagittulatum seedling.  ∆R also 

tended to be higher under the damp treatment than the flooded treatment amongst 

surviving seedlings in all species, with the exception of Cyperus difformis and C. 

bifax for which no difference was evident (Figure 7.2).  This trend was found to 

be significant (p ≤ 0.001) for Cullen cinereum and Eragrostis tenellula (Figure 

7.2 and Table 7.2).   

 

Maximum shoot length also increased during the experiment in all surviving 

seedlings except the single Corchorus trilocularis seedling remaining in the  

flood treatment (Figure 7.3).  Cyperus difformis, Eragrostis tenellula and  

Aeschynomene indica exhibited the greatest change in shoot length (∆S) and 

Cyperus bifax and Lepidium sagittulatum again had the lowest values (Figure 

7.3).  ∆S was also relatively low in Centipeda minima seedlings which survived 

under the damp treatment.  With the exception of Ammania multiflora and 

Cyperus bifax,  ∆S of surviving seedlings in all species tended to be greater under 

the damp treatment than the flooded treatment (Figure 7.3).  As with ∆R, this was 

only significant (p ≤ 0.001) for Cullen cinereum and Eragrostis tenellula (Figure 

7.3 and Table 7.3).     

 

The number of leaves increased in the majority of seedlings during the course of 

the experiment, particularly amongst Ammania multiflora seedlings (Figure 7.4).  

In Alternanthera nodiflora and Corchorus trilocularis, however, the number of 

leaves remained constant in seedlings surviving the flooded treatment.  ∆L also 

tended to be higher under the damp treatment in seedlings of all species except 

Ammania multiflora, although this was only significant (p ≤ 0.001) for Eragrostis 

tenellula (Figure 7.4 and Table 7.4).    

 

Shoot : Root ratios of seedlings surviving at the end of the experiment did not 

appear to differ substantially between species with the exception of relatively high 

Shoot : Root ratios in Aeschynomene indica seedlings from the flooded treatment 

and in the single Alternanthera nodiflora seedling surviving the rain treatment 
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(Figure 7.5).  Shoot :Root ratios tended to be slightly higher in seedlings surviving 

 from the flooded treatment than from the damp treatment in the majority of 

species (Figure 7.5).  In the three monocot species,  Eragrostis tenellula, Cyperus 

difformis and C. bifax, however, there was little apparent difference between 

treatments (Figure 7.5). 
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Figure 7.2  Mean change in root length (∆R) in mm (+/- standard error) for each species 

under each watering treatment. 
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Figure 7.3  Mean change in shoot length (∆S) in mm (+/- standard error) for each species 

under each watering treatment. 
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Figure 7.4  Mean change in leaf number (∆L) (+/- standard error) for each species under 

each watering treatment. (N.B. In Ammania multiflora seedlings leaf numbers 

were only recorded as being ≥ 50). 
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Figure 7.5  Effects of watering treatment on mean shoot : root ratios (+/- standard error) 

for seedlings of each species surviving at the end of the experiment. 
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Table 7.2  Effects of watering treatment on change in root length (∆R).  Results of 

ANOVA. (N.B. ANOVA not performed for Centipeda minima or Lepidium 

sagittulatum as seedlings only survived under a single treatment). 

 

Source DF Type III SS Mean 
Square 

F Value Sig. 

Aeschynomene indica      
Between groups 1 6502.500 6502.500 0.385 0.552 
Within groups 8 135209.6 16901.200   
Total 9 141712.1    
Alternanthera nodiflora      
Between groups 2 77272.214 38636.107 6.447 0.056 
Within groups 4 23971.500 5992.875   
Total 6 101243.7    
Ammania multiflora      
Between groups 1 48642.672 48642.672 1.621 0.244 
Within groups 7 209999.6 29999.936   
Total 8 258642.2    
Corchorus trilocularis      
Between groups 1 21840.667 21840.667 436.813 0.030 
Within groups 1 50.000 50.000   
Total 2 21890.667    
Cullen cinereum      
Between groups 1 19137.442 19137.442 28.425 0.001* 
Within groups 7 4712.800 673.257   
Total 8 23850.222    
Cyperus bifax      
Between groups 1 37.157 37.157 0.113 0.751 
Within groups 5 1645.700 329.140   
Total 6 1682.857    
Cyperus difformis      
Between groups 1 36.100 36.100 0.001 0.974 
Within groups 8 246184.4 30773.050   
Total 9 246220.5    
Eragrostis tenellula      
Between groups 1 433888.9 433888.900 308.182 <0.001* 
Within groups 8 11263.200 1407.900   
Total 9 445152.1    

* - significant at p ≤ 0.001 
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Table 7.3  Effects of watering treatment on change in shoot length (∆S).  Results of 

ANOVA.  (N.B. ANOVA not performed for Centipeda minima or Lepidium 

sagittulatum as seedlings only survived under a single treatment). 

 

Source DF Type III SS Mean 
Square 

F 
Value 

Sig. 

Aeschynomene indica      
Between groups 1 54022.500 54022.500 2.886 0.128 
Within groups 8 149766.0 18720.750   
Total 9 203788.5    
Alternanthera nodiflora      
Between groups 2 12752.679 6376.339 1.929 0.259 
Within groups 4 13222.750 3305.688   
Total 6 25975.429    
Ammania multiflora      
Between groups 1 50.139 50.139 0.118 0.742 
Within groups 7 2980.750 425.821   
Total 8 3030.889    
Corchorus trilocularis      
Between groups 1 30246.000 30246.000 124.983 0.057 
Within groups 1 242.000 242.000   
Total 2 30488.000    
Cullen cinereum      
Between groups 1 11504.006 11504.006 55.022 <0.001* 
Within groups 7 1463.550 209.079   
Total 8 12967.556    
Cyperus bifax      
Between groups 1 17.500 17.500 0.035 0.858 
Within groups 5 2470.500 494.100   
Total 6 2488.000    
Cyperus difformis      
Between groups 1 28836.900 28836.900 1.177 0.310 
Within groups 8 196075.2 24509.400   
Total 9 224912.1    
Eragrostis tenellula      
Between groups 1 238084.9 238084.900 327.850 <0.001* 
Within groups 8 5809.600 726.200   
Total 9 243894.5    

* - significant at p ≤ 0.001 
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Table 7.4  Effects of watering treatment on change in leaf number (∆L).  Results of 

ANOVA. (N.B. ANOVA not performed for Centipeda minima or Lepidium 

sagittulatum as seedlings only survived under a single treatment, also not 

performed for Ammania multiflora as leaf number was recorded as ≥ 50 for all 

surviving seedlings). 

 

Source DF Type III SS Mean 
Square 

F Value Sig. 

Aeschynomene indica      
Between groups 1 44.100 44.100 1.857 0.210 
Within groups 8 190.000 23.750   
Total 9 234.100    
Alternanthera nodiflora      
Between groups 2 205.714 102.857 10.286 0.027 
Within groups 4 40.000 10.000   
Total 6 245.714    
Corchorus trilocularis      
Between groups 1 10.667 10.667 5.333 0.260 
Within groups 1 2.000 2.000   
Total 2 12.667    
Cullen cinereum      
Between groups 1 39.200 39.200 7.457 0.029 
Within groups 7 36.800 5.257   
Total 8 76.000    
Cyperus bifax      
Between groups 1 5.714 5.714 1.786 0.239 
Within groups 5 16.000 3.200   
Total 6 21.714    
Cyperus difformis      
Between groups 1 16.900 16.900 3.976 0.081 
Within groups 8 34.000 4.250   
Total 9 50.900    
Eragrostis tenellula      
Between groups 1 102.400 102.400 73.143 <0.001* 
Within groups 8 11.200 1.400   
Total 9 113.600    

* - significant at p ≤ 0.001 
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Flowering occurred in four species during the course of the experiment (Table 

7.5).  In Ammania multiflora, all five seedlings under the damp treatment and one 

of the four seedlings surviving the flooded treatment were flowering after four 

weeks.  Both Corchorus trilocularis seedlings surviving the damp treatment were 

also flowering by the end of the experiment as were all of the Cullen cinereum 

seedlings subjected to this treatment.  All of the Cyperus difformis seedlings under 

the damp treatment and four of the five seedlings under the flooded treatment also 

flowered. 

 

Table 7.5  Fraction of surviving seedlings flowering at the end of the experiment in each 

species under each watering treatment (expressed as number of plants flowering / 

no of surviving seedlings).  

 

Species Watering Treatment 

 Flooded Damp Rain 

Aeschynomene indica 0/5 0/5 0/0 
Alternanthera nodiflora 0/2 0/4 0/1 
Ammania multiflora 1/4 5/5 0/0 
Centipeda minima 0/0 0/4 0/0 
Corchorus trilocularis 0/1 2/2 0/0 
Cullen cinereum 0/4 5/5 0/0 
Cyperus bifax 0/5 0/2 0/0 
Cyperus difformis 4/5 5/5 0/0 
Eragrostis tenellula 0/5 0/5 0/0 
Lepidium sagittulatum  0/0 0/1 0/0 

 

 

7.3.2  Seed Buoyancy Experiment 

 

Seeds belonging to different species exhibited a range of floating abilities in the 

seed buoyancy experiment (Table 7.6).  In ten of the twelve species, more than    

90 % of seeds sank within the two week duration of the experiment.  In the other 

two species, Centipeda minima and Alternanthera nodiflora, more than 50 % of 

seeds remained floating at the end of the experiment.  These were also the only 

species for which seeds germinated during the experiment.  Alternanthera  
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nodiflora seeds began to germinate in three days and after two weeks, 9, 10 and 

12 seedlings had respectively germinated in each of the three replicate beakers.  

Two Centipeda minima seeds also germinated in a single beaker after ten days.  

All of the seedlings which germinated remained floating at the end of the 

experiment.   

 

Table 7.6  Mean time taken for 50 % of seeds (FT50) and 90 % of seeds (FT90) to sink 

(+/- standard error) for each species in the seed buoyancy experiment.  Letters 

following means indicate homogenous subsets determined by Tukey’s b post hoc 

test (p < 0.05).  (N.B. Alternanthera nodiflora and Centipeda minima were 

excluded from this analysis, as neither FT50 or FT90 was measured in the 

duration of the experiment). 

 

Species FT50 (days) FT90 (days) 

Lepidium sagittulatum   1.0 ± 0.0 a   1.3 ±  0.3 a 
Corchorus trilocularis   1.0 ± 0.0 a   2.0 ±  0.6 a 
Sporobolus mitchellii   1.0 ± 0.0 a   6.7  ± 0.7 bc 
Aeschynomene indica   2.7 ± 0.3 ab   5.0 ± 0.0 b 
Cyperus difformis   3.0 ± 0.0 ab   5.3 ±  0.3 b 
Chenopodium auricomum   3.7 ± 0.7 bc   6.7 ± 0.9 bc 
Phyllanthus virgatus   4.7 ± 0.9 bc   8.0 ± 0.0 c 
Cyperus bifax   4.7 ± 0.3 bc   8.3 ± 0.3 c 
Malvastrum americanum   5.3 ± 0.3 c   8.7 ± 0.3 c 
Ammania multiflora   5.7 ± 0.9 c   8.7 ± 0.7 c 
Alternanthera nodiflora > 30  > 30  
Centipeda minima > 30 . > 30  

 

Significant differences between species were detected for both FT50 (F9,20 = 

14.265, p < 0.001) and FT90 (F9,20 = 28.970, p < 0.001) from an ANOVA which 

excluded Alternanthera nodiflora and Centipeda minima.  Homogeneous subsets 

determined by Tukey’s b post hoc test (Table 7.6) revealed that seeds of two 

species, Lepidium sagittulatum and Corchorus trilocularis, had relatively low 

floating abilities with 90 % of seeds sinking within two days.  Seeds belonging to 

Malvastrum americanum and Ammania multiflora possessed comparably high 

floating abilities, with 90 % of seeds still floating after eight days.  The remaining 

six species exhibited a range of intermediate floating capacities.   
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7.4  Discussion 

 

7.4.1  Growth Responses to Flooding 

 

Flooding conditions appear to have a significant influence on the growth of 

common plants in the Cooper Creek floodplain.  The results of the growth 

experiment indicate that, following germination, subsequent flooding conditions 

have the potential to determine which species will become established and reach 

reproductive maturity.  Mortality occurred in all but one of the fifty seedlings 

subjected to the rain treatment (Table 7.1).  Consequently, seedling establishment 

during dry phases of flood pulses is unlikely to be successful in most species 

unless high intensity rainfall events occur that result in prolonged periods of soil 

saturation.  In many common species of the Cooper Creek floodplain, 

establishment is probably limited to periods of soil saturation which result from 

flood pulse inundation.  Damp conditions following floodwater recession are 

likely to be particularly favourable for seedling growth as this was the only 

treatment within which at least one seedling survived from each of the species 

studied here. 

 

Three broad categories of growth responses to flooding can be identified amongst 

the species examined in the growth experiment; i) species for which growth is 

extremely limited under flooded conditions, ii) species which tolerate flooding but 

for which growth is favoured under damp conditions and iii) species which grow 

equally well under flooded or damp conditions.  None of the species investigated 

in this experiment appeared to be significantly favoured by submergence.   

 

Seedling growth in four species, Lepidium sagittulatum, Centipeda minima,  

Corchorus trilocularis and Alternanthera nodiflora, was severely inhibited by 

flooding.  All seedlings of L. sagittulatum and Centipeda minima died under the 

flooded treatment (Table 7.1) and the single surviving Corchorus trilocularis 

seedling under the flooded treatment exhibited reduced root and shoot length and 

did not develop new leaves during the course of the experiment (Figures 7.2, 7.3  
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and 7.4).  In the surviving A. nodiflora seedlings, shoot length did increase, but 

similarly, no increase in root length or leaf number occurred (Figure 7.2, 7.3 and 

7.4).  All of these species exhibited higher survival levels and greater increases in 

root length, shoot length and number of leaves under the damp treatment (Table 

7.1, Figures 7.2, 7.3 and 7.4).  

 

A further four species, Aeschynomene indica, Cullen cinereum, Eragrostis 

tenellula and Ammania multiflora, were capable of maintaining growth under 

submergence but appeared to be favoured by damp conditions.  All seedlings of 

these species survived in both the flooded and damp treatments, with the 

exception of one Ammania multiflora and one Cullen cinereum seedling under the 

flooded treatment (Table 7.1).  Changes in root length (∆R), shoot length (∆S) and 

the number of leaves (∆L) amongst these species, however, tended to be lower in 

seedlings that were flooded (Figures 7.2, 7.3 and 7.4).  Shoot : root ratios were 

also greater under the flooded treatment for Aeschynomene indica and C. 

cinereum (Figure 7.5).  Partitioning biomass to stems in these species may 

increase their opportunity for emergence from floodwaters, allowing 

photosynthesis to occur during inundation (Blom et al., 1990; Blom & Voesenek, 

1996; Coops et al., 1996; Sorrell et al., 2002).  Additionally, maintenance of 

below-ground biomass is probably costly amongst species with limited flood 

tolerance due to soil anoxia and the accumulation of toxic materials (Coops et al., 

1996; Mauchamp et al., 2001).   

 

Species displaying this second response type to flooding probably survive brief 

periods of inundation by supporting above-ground biomass and become most 

productive during the damp drawdown conditions following floodwater recession.  

A competitive advantage may be gained by such species through their capacity for 

early establishment during a flood pulse (Blom & Voesenek, 1996).  Additionally, 

these species might be more likely to survive consecutive flood pulses occurring 

in quick succession than species which are only able to grow during drawdown 

phases.        
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In the remaining two species examined in this experiment, Cyperus bifax and C. 

difformis, little difference was evident in the growth responses of surviving  

seedlings between the flooded or damp treatments.   Mortality did occur, however, 

in three C. bifax seedlings under the damp treatment (Table 7.1) suggesting that 

this species may be favoured by submergence.  Changes in root and shoot length 

differed substantially between these two species with growth rates being relatively 

low in C. bifax and amongst the highest of species studied in C. difformis (Figures 

7.2 and 7.3).  C. bifax was the only perennial species investigated in this growth 

experiment and other studies have found seedling growth rates to be lower 

amongst perennials (Shipley & Parent, 1991).  Having low growth rates, C. bifax 

could be considered a stress-tolerator under Grime’s C-S-R model (Grime, 1979).  

C. difformis also appears to possess flood tolerance but exhibits more ruderal-type 

life history traits, having high growth rates and reproductive effort, e.g. large soil 

seed bank (Chapter 5 and 6).  Both of these species probably grow well under 

flooded or damp conditions and are therefore likely to be conspicuous components 

of plant communities in floodplain areas which are frequently inundated for 

considerable durations at a time.  Accordingly, members of the Cyperaceae family 

in the Perennial Monocot plant group were only recorded from frequently flooded 

zones in the spatial survey of the extant vegetation (Chapter 4) and Cyperaceae in 

the Annual Monocot plant group were significantly more abundant in this zone 

(Figure 4.8).   

 

Rapid life cycles were evident amongst four species examined in the growth 

experiment.  Within the four week duration of the experiment, flowering occurred 

in Ammania multiflora, Corchorus trilocularis, Cullen cinereum and Cyperus 

difformis seedlings (Table 7.5).  All of these species, except for Corchorus 

trilocularis, also germinated frequently from the soil seed bank (Chapters 5 and 6) 

and are therefore representative of the ruderal strategy in Grime’s C-S-R scheme 

(Grime, 1979).  Flooding conditions additionally appear to influence reproduction 

in some species as flowering only occurred under damp conditions in Cullen 

cinereum and was more frequent in  A. multiflora seedlings under this treatment.  

Consequently, in these species, the magnitude of reproductive events may be  
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increased by slow drawdown of flood pulses.  Blom et al. (1990) have observed  

similar reproductive patterns in Rumex maritimus, a floodplain plant which  

flowers under waterlogged conditions but persists only in a vegetative state when  

submerged. 

 

In most cases, the growth responses of species considered in this experiment can 

be related to their germination responses as discussed in Chapter 6.  In Cyperus 

difformis, for example, which is able to grow and reproduce during inundation,  

germination percentages were significantly increased by flooding in the 

germination from seed experiment (Table 6.10).  Aeschynomene indica and Cullen 

cinereum may also be able to germinate in submerged soil, as neither of these 

species exhibited a light requirement for germination (Table 6.1).  As these 

species seem capable of maintaining seedling growth under inundation, 

germinating before floodwater recession may afford them a competitive advantage 

over species which only germinate during drawdown.  Additionally, these species 

would have longer periods available to them within which soil moisture was 

sufficient for growth and successful reproduction.  All of the species for which 

growth was severely limited by flooding, except for Corchorus trilocularis, also 

required light for germination (Table 6.1).  This may prevent these species from 

germinating under conditions which are unsuitable for their establishment (Baskin 

& Baskin, 1998; Leck, 1989).   

 

Species belonging to the Shrub, Annual and Perennial Sub-shrub and Perennial 

Forb plant groups and the Poaceae family in the Perennial Monocot plant group 

were not investigated in the growth experiment and may exhibit different growth 

responses to both flooding and drying from the species studied here.  Germination 

in the Perennial Forb, Goodenia fascicularis, was greater under the flooded 

treatment in the germination from seed experiment (Table 6.10) and, like Cyperus 

difformis, may therefore be capable of establishment during inundation.  In the 

soil seed bank experiment, germination of Perennial Monocots and Perennial 

Forbs was extremely low under the rain treatment.  Consequently, successful 

establishment of these species probably occurs either during inundation or moist  
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drawdown conditions.  Species belonging to the Shrub and Perennial Sub-shrub  

plant groups examined in the germination from seed experiment germinated under 

both light and dark conditions (Table 6.1) and flooded and damp treatments 

(Table 6.10), providing little indication of likely growth responses.  Perennial 

Sub-shrubs, however, were also found to be in high abundance in the low flood 

frequency zone (Chapter 4) and increased in abundance with prolonged drying in 

the temporal survey (Chapter 3).  These species might therefore be capable of 

establishment under relatively dry conditions.  Overall, however, both 

germination and seedling growth in most species studied appear to be favoured by 

the damp conditions which would occur following floodwater recession.     

 

7.4.2  Dispersal Responses to Flooding 

 

Hydrochory is likely to be a significant mode of dispersal amongst many plant 

species of the Cooper Creek floodplain.  The seed buoyancy experiment 

demonstrated that seeds belonging to a range of common species are able to float 

for considerable lengths of time (Table 7.6).  Nilsson et al. (2002) classify long-

floating seeds as those which remain buoyant for longer than two days.  In this 

experiment, only two species, Lepidium sagittulatum and Corchorus trilocularis, 

had 90 % of their seeds sink within this period (Table 7.6).  Vectors other than 

floodwaters, e.g. wind or animals, are probably more important in these species 

(Cronk & Fennessy, 2000).  The remaining species may also rely on wind or 

animal dispersal during dry phases.  However, hydrochory is likely to provide an 

alternative dispersal mechanism during flood pulses for buoyant seeds which are 

in the upper layers of the soil seed bank, stored in deep soil cracks (up to 1 m deep 

in the Cooper Creek floodplain (White, 2000)) or for those in which seed fall 

coincides with inundation.  Floodwaters in the Cooper Creek catchment move 

quite slowly (personal observation) and, rather than enabling seed transportation 

over long distances, seed buoyancy may ensure that seeds are deposited on the 

damp soil surface following floodwater recession.   Hydrochory may be 

particularly important for the dispersal of species which are capable of flowering 

and seed production during inundation, e.g. Cyperus difformis and Ammania 
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 multiflora (Table 7.5).  Both of these species exhibited buoyancy times which are 

comparable to those reported for other long-floating wetland seeds (Coops & Van 

der Velde, 1995; Cronk & Fennessy, 2000).    

 

Most of the species with moderate to long floating abilities identified in the seed  

buoyancy experiment are also conspicuous components of the soil seed bank 

(Chapters 5 and 6).  In particular, Ammania multiflora, Cyperus difformis, 

Centipeda minima and Alternanthera nodiflora were found to germinate in 

relatively high abundances from the soil seed bank of all flood frequency zones 

(Chapters 5 and 6).  Hydrochory may contribute to such widespread occurrence in 

the soil seed bank of species with long-floating seeds (Haukos & Smith, 1994).  

 

Dispersal may be further affected by flooding if seeds germinate and remain 

floating.  In this experiment, seedlings of Alternanthera nodiflora and Centipeda 

minima continued to float after germination for the duration of the experiment.  

These species both exhibited limited growth when submerged in the growth 

experiment.  Floating may represent a mechanism via which seedlings can avoid 

submergence until they reach floodplain areas where damp conditions more 

suitable for their establishment occur.    

 

Amongst common species of the Cooper Creek floodplain, flow conditions have 

the potential to influence the outcome of each life history stage.  Through 

hydrochory, the dispersal and subsequent distribution of propagules in the soil 

seed bank may be influenced by flooding.  Germination requirements of many 

species also appear to be closely related to flow characteristics, e.g. duration or 

timing of inundation (Chapter 6).  Furthermore, the successful establishment of 

seedlings following germination is likely to depend on flooding conditions and 

there is evidence to suggest that reproduction in some species could also be 

affected by flooding.  Consequently, each of these life history ‘sieves’ probably 

contributes to the temporal (Chapter 3) and spatial (Chapter 4) patterns in 

vegetation composition and structure which appear to be determined primarily by 

flow. 
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Chapter 8.   
General Discussion 
 

 

8.1   Significance of the Study  

 

Large floodplains are a conspicuous feature of ‘dryland’ river catchments 

throughout inland Australia (Walker et al., 1995).  Characterised by low, patchy 

rainfall and extreme hydrological variability (Puckridge et al., 1998), Australia’s 

dryland river floodplain systems cycle unpredictably through floods and droughts 

and are often described as having a ‘boom and bust’ ecology (Kingsford et al., 

1999; Walker et al., 1997).  Responses to flow have been reasonably well 

described for waterbirds (Kingsford, 1995; Kingsford et al., 1999; Kingsford & 

Thomas, 1995), fish  (Gehrke et al., 1995; Puckridge et al., 2000) and aquatic 

invertebrates (Boulton, 1999; Boulton & Lloyd, 1992; Sheldon et al., 2002).  

Consequently, flow, despite its variability, is recognised as playing a pivotal role 

in the ecological functioning of these systems (Walker et al., 1995). 

 

Vegetation in Australia’s dryland floodplains has considerable significance, both 

ecologically, e.g. provision of habitat (Morton et al., 1995), and socio-

economically, e.g. native pasture growth (Edmonston, 2001).  Although 

relationships between flow and vegetation dynamics have been well described in 

many large temperate and tropical floodplains (Ferreira, 1997; Ferreira & 

Stohlgren, 1999; Hughes & Cass, 1997; Megonigal et al., 1997; Menges, 1986; 

Trebino et al., 1996), comparatively few studies have been conducted in arid 

regions, particularly in Australia.  Consequently, there is a paucity of information 

regarding the role of highly variable flows in the vegetation dynamics of these 

systems and a limited understanding of the potential impacts on plant 

communities of changes to flows which may occur through water extraction or 

climate change.   
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This thesis has addressed this knowledge gap by investigating vegetation 

responses to flow across a range of temporal and spatial scales in a highly variable 

arid floodplain in central Australia.  In Chapter 3, temporal changes in plant 

community composition and structure in response to flood pulses were explored 

for the Cooper Creek floodplain.  The effects of flood history on spatial variation 

in the vegetation were then considered in Chapter 4.  Chapters 5, 6 and 7 

subsequently examined plant life history traits and the responses of common arid 

floodplain plants to flow at significant life history stages to establish how each of 

these contribute to temporal and spatial patterns in plant community composition 

and structure.  This study therefore provides a basis from which to make 

predictions concerning the likely impacts on floodplain vegetation of flow 

alterations and a foundation for future research into these poorly known plant 

communities. 

 
 
8.2  The Role of Flow in Arid Floodplain Vegetation Dynamics 

 

8.2.1  The Role of Flood Pulses 

 

Flood pulse cycles of wetting and drying result in many changes to floodplain 

habitat including fluctuations in the availability of soil oxygen, light and moisture 

(Blom & Voesenek, 1996; Kozlowski, 1984).  In the Cooper Creek floodplain, 

plant communities exhibit significant shifts in composition and structure in 

response to these changes (Chapter 3).  Flow has the potential to influence 

common arid floodplain plants at each life history stage, from dispersal through to 

reproduction (Chapters 6 and 7).  Furthermore, amongst different plant groups, the 

outcomes of each of these life history stages appear to depend on hydrological 

characteristics of flood pulses, e.g. duration of inundation and timing (Chapters 6 

and 7).  Consequently, plant community composition and structure in the Cooper 

Creek floodplain reflects both the life history traits of plant species and the 

hydrological attributes of recent flood pulse events. 
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Dispersal of propagules amongst many plant species of the Cooper Creek 

floodplain is likely to be affected by flood pulses.  During dry phases, dispersal  

may be facilitated by wind or animal vectors (Cronk & Fennessy, 2000).  A 

considerable number of species, from a range of plant groups, however, possess 

buoyant seeds that are capable of long-floating times, comparable with those of 

wetland plants in less variable environments (Chapter 7) (Coops & Van der Velde, 

1995; Cronk & Fennessy, 2000; Nilsson et al., 2002).  Hydrochory is therefore 

likely to form an important dispersal mechanism in the advent of flood pulses and 

the subsequent distribution of propagules in the soil seed bank may be influenced 

by the extent and duration of these events. 

 

Germination responses of plants in the Cooper Creek floodplain also appear to be 

influenced by flood pulses.  Significant germination events are unlikely to occur 

in response to rainfall alone, unless high intensity events lead to prolonged soil 

saturation (Chapter 6).  The exceptions to this probably include many species of 

the Asteraceae family which appear to germinate following rainfall during winter 

months (Chapter 3) and possibly the Perennial Sub-shrub plant group and 

members of the Poaceae family in the Perennial Monocot plant group which both 

exhibited increased cover with prolonged drying (Chapter 3).  The Perennial Sub-

shrub Atriplex angulata, was one of the few species studied that exhibited a fast 

germination speed (Table 6.7).  As this species only germinated at 25°C, this may 

represent a tendency to germinate rapidly in response to winter rainfall.    

 

Germination in most species is probably restricted to periods of sustained soil 

moisture availability which result primarily from flood pulse inundation.  

Members of the Annual Forb and Annual Monocot plant group which comprise 

the bulk of the germinable soil seed bank (Chapters 5), are particularly likely to 

germinate in response to flood pulse events, either during inundation or during 

damp drawdown conditions following floodwater recession (Chapter 6).  

Germination is known to occur under submerged conditions in some species of 

the Cooper Creek floodplain, e.g. the Annual Monocot Echinochloa turneriana 

(Poaceae) (Conover & Geiger, 1984).  In the soil seed bank germination  
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experiment (Chapter 6), a longer duration of inundation resulted in a higher 

abundance of seedlings germinating from the Annual Monocot plant group.  

Annual Forb species belonging to the Fabaceae family also appear likely to 

germinate during inundation.  None of the species investigated from this family 

(i.e. Aeschynomene indica, Cullen cinereum or Trigonella suavissima) exhibited a 

light requirement for germination (Table 6.1) and germination percentages were 

significantly higher in T. suavissima under the flooded treatment in the individual 

species germination experiment (Table 6.10).  Consequently, the duration of flood 

pulse inundation is likely to influence the scale of germination events amongst 

these plant groups.   

 

As in many wetland plant species, however, germination in most arid floodplain 

plants appears to occur during damp drawdown phases, probably in response to  

increased light and moisture availability (Baskin & Baskin, 1998; Leck, 1989). 

Floodwaters in the Cooper Creek are extremely turbid and there is typically 

< 1 % incident light at 30 cm depth (S. Bunn [Griffith University] 2003, pers. 

comm.).  The majority of species examined in the individual species germination 

experiment required light for germination (Table 6.1) and a longer duration of 

damp conditions also resulted in a higher abundance of seedlings germinating 

from the Annual Forb plant group in the soil seed bank germination experiment 

(Chapter 6).  Germination speeds in most common species of the Cooper Creek 

floodplain investigated appeared to be relatively slow (Chapter 6) in comparison 

with plants from other arid environments (Jurado & Westoby, 1992).  The 

magnitude of germination events amongst many species, particularly Annual 

Forbs other than those belonging to the Fabaceae family, is therefore likely to 

depend on the duration of damp drawdown conditions associated with flood 

pulses. 

 

Flood pulses additionally may influence the outcome of germination events 

through the timing of their occurrence.  Germination was significantly affected by 

temperature in several species, i.e. Lepidium sagittulatum, Goodenia fascicularis,  

Centipeda minima and Atriplex angulata (Table 6.10).  Consequently, flood  
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pulses may induce germination amongst different species depending on if they 

occur during summer or winter months.  Although common species germinated in 

high abundances in the soil seed bank germination experiment in both seasonal 

phases, rare species were found to vary (Table 6.2).  In particular, summer floods 

may result in the germination of higher abundances of Annual and Perennial 

Monocot species belonging to the Poaceae family, while a higher diversity of 

Annual and Perennial Forbs may germinate in response to winter flood pulses 

(Chapter 6). 

 

Following germination, flood pulse conditions also have the potential to affect the 

success of seedling establishment in the Cooper Creek floodplain.  Species which 

appear to be capable of germination under submerged conditions are also likely to 

survive inundation as seedlings (Chapter 7).  In some of these, e.g. Cyperus bifax 

and Cyperus difformis, seedling growth appeared to be unaffected by 

submergence (Chapter 7).  Seedling growth in other species, including Annual 

Forbs belonging to the Fabaceae family, e.g. Aeschynomene indica and Cullen 

cinereum, was found to be favoured by damp conditions although still possible 

during inundation.  Amongst a further group of species, the Annual Forbs 

Alternanthera nodiflora, Centipeda minima, Lepidium sagittulatum and 

Corchorus trilocularis, seedling growth was severely limited under submerged 

conditions.  Species belonging to this latter group, however, were also found to be 

unlikely to germinate during inundation, with the exception of C. trilocularis 

(Chapter 6).  The results of the seedling growth experiment suggest that in most 

species, the duration of drawdown of flood pulses is likely to be an important 

determinant of seedling establishment and growth, particularly as mortality rates 

were extremely high amongst all species studied when subjected to the rain 

treatment (Chapter 6). 

 

This study also found that reproduction in some species may be influenced by 

flood pulse attributes.  Flowering in both Cullen cinereum and Ammania 

multiflora tended to occur under damp drawdown conditions rather than under the  

flooded treatment (Table 7.5).  Mortality in some adult plants may additionally  
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occur in response to flood pulses.  Shrubs, e.g. Chenopodium auricomum, and 

Perennial Sub-shrubs, in particular, decreased in cover substantially in the study 

sites of the Cooper Creek floodplain following the large flood event (Chapter 3).  

This response is likely to depend on inundation duration, however, as a similar 

decline was not evident in response to the second, smaller flood pulse event 

(Chapter 3). 

 

At the organism level, flood pulses in the Cooper Creek floodplain clearly have 

the potential to influence most life history stages for species in the major plant 

groups present.  The effects of flood pulses on propagules, seedlings and adult 

plants result in substantial changes in plant community composition and structure 

in short periods of time, as evident from the temporal survey (Chapter 3).  Overall, 

flood pulse wetting tended to result in increased total cover, species richness and 

cover of several plant groups including Annual Monocots, the Marsileaceae 

family in the Perennial Forb plant group, and several families in the Annual Forb 

plant group, e.g. Amaranthaceae, Apiaceae and Fabaceae (Chapter 3).  Responses 

to drying included the inverse of these in addition to increased cover of Perennial 

Sub-shrubs and the Poaceae family in the Perennial Monocot plant group  

(Chapter 3).   

 

Differences were apparent between the responses of the vegetation to the two 

flood pulse events which occurred during the temporal survey.  Shrub mortality, 

for example, only resulted from the larger of the two events and the magnitude of 

germination events in Annual Monocot and Annual Forb families also appeared to 

be related to the size and duration of these flood pulses (Chapter 3).  Additionally, 

the extent of floodplain inundated differed between the two events with 

consequences for vegetation structure at a landscape scale.  Plant community 

composition became homogenised across the floodplain in response to the larger 

of the events and diverged following the smaller event, as some areas experienced 

prolonged drying rather than further flooding (Chapter 3).  Flood pulses therefore 

play a significant role in the vegetation dynamics of the Cooper Creek floodplain 

across a range of spatial scales, from an organism level to that of the landscape.  
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At each of these scales, however, responses are likely to vary in relation to 

hydrological attributes of  different flood pulses (Figure 8.1, Table 8.1). 
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Figure 8.1  The ecological relevance of flood pulse attributes. 
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Table 8.1  Effects of flood pulse attributes on vegetation responses at different  

spatial scales 

 

 FLOOD PULSE ATTRIBUTES 
SCALE Duration of 

Inundation 
Rate of 
Drawdown 

Size (i.e.  extent 
and depth) 

Timing 
(i.e. season) 

 
Organism 

    

Dispersal Distance 
travelled by 
buoyant seeds 

 Distribution of 
propagules via 
hydrochory 

Availability of 
propagules to be 
dispersed by 
hydrochory 
 

Germination Magnitude of 
germination 
response amongst 
Annual 
Monocots and the 
Fabaceae family 
in the Annual 
Forb plant group 

Magnitude of 
germination 
response amongst 
the Annual Forb 
plant group (except 
for members of 
Fabaceae) 

Area of soil seed 
bank inundated 
by flood pulse 
and therefore 
overall 
magnitude of 
germination 
response 

Type of species 
germinating from 
soil seed bank, 
e.g. Monocots 
during summer 
and Forbs during 
winter. 
Germination of 
dispersal 
dependent 
species 

Establishment Survival of 
seedlings with 
limited flood 
tolerance, e.g. 
Aeschynomene 
indica, Cullen 
cinereum and 
Eragrostis 
tenelulla 

Survival of 
seedlings which 
are restricted to 
growth during 
damp phases, e.g. 
Alternanthera 
nodiflora, 
Centipeda minima 
 

Depth may 
influence 
seedling 
establishment in 
species which 
rely on stem 
elongation to 
survive 
inundation, e.g. 
Aeschynomene 
indica 

 

Reproduction Reproductive 
output of species 
able to reproduce 
under submerged 
conditions, e.g. 
Cyperus 
difformis 
 

Reproductive 
output of species 
which only 
reproduce during 
damp phases, e.g. 
Cullen cinereum  
 

  

Mortality Mortality of 
shrubs  

Completion of life 
cycles in annual 
species 
  

  

Community Total cover, 
species richness, 
composition, e.g. 
Shrubs, Annual 
Monocots 

Total cover, 
species richness, 
composition, e.g. 
Annual Forbs 

Area of 
floodplain plant 
communities 
affected 

Species 
composition 

Landscape   Heterogeneity of 
plant 
communities 
across floodplain 

[Frequency of 
events will also 
be important, 
Chapter 8.22] 
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8.2.2  The Role of Flood History 

 

Flood history refers to the recent spatial and temporal patterns of flood pulses 

received by a particular floodplain area and incorporates aspects of flood 

frequency, duration of past flood pulse events and the length of intervening dry 

periods.  In large temperate and tropical floodplains, where flood pulses are 

relatively predictable, floodplain vegetation often exhibits zonation along 

gradients of flood frequency or duration (Bowman & McDonough, 1991; Ferreira, 

1997; Hughes & Cass, 1997; Hupp & Osterkamp, 1985; Menges, 1986; Pautou & 

Arens, 1994; Trebino et al., 1996).  In the Cooper Creek floodplain, spatial 

variation in plant community composition and structure also appears to be 

determined primarily by flood history, despite the variability of flood pulses 

(Chapter 4). 

 

Flood history, incorporating flood frequency and time since last inundation, 

appears to have an overriding effect on plant community composition in the 

Cooper Creek floodplain at a landscape scale.  Throughout the catchment, 

composition was found to be reasonably similar amongst plant communities that 

were prone to frequent inundation by flood pulses (Chapter 4).  Plant community 

composition in frequently flooded zones is thought to be determined primarily by 

abiotic factors and therefore likely to be dominated by species which are capable 

of completing their life cycles under these conditions (Bren, 1992; Menges, 1986; 

Trebino et al., 1996).  In the case of the Cooper Creek floodplain, several plant 

groups exhibited their highest cover in the frequently flooded zone, suggesting 

flood tolerance or a ruderal life history enabling rapid life cycle completion 

between flood pulse events (Menges & Waller, 1983).  These included the Shrub, 

Muehlenbeckia florulenta, Perennial Monocots belonging to the Cyperaceae 

family, Marsileaceae in the Perennial Forb plant group, the Annual Monocot plant 

group and Amaranthaceae in the Annual Forb plant group.  Many of these plant 

groups, including the Annual Monocots, Amaranthaceae in the Annual Forb plant 

group and Marsileaceae in the Perennial Forb plant group, also exhibited 

significant increases in cover in response to wetting phases of the flood pulses  
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observed in the temporal survey (Chapter 3).  The perennial species in this group 

may be considered as stress-tolerators under Grime’s C-S-R scheme (Grime, 

1979).  In contrast, the Annual Monocots and Annual Forbs present in the 

frequently flooded zone fit the ruderal category.  These species were found to be 

in high abundance in the soil seed bank and germinated in response to flooding 

(Chapters 5 and 6).  Plant communities in the frequently flooded zone also had 

significantly higher species richness and total cover than surrounding areas 

(Figures 4.2 and 4.3). 

 

Sites that were surveyed in the low flood frequency zone were found to be 

significantly more divergent from each other than sites within the other flood 

frequency zones at a landscape scale (Table 4.4), suggesting that local factors, e.g. 

soil type, local rainfall etc., are likely to be important in determining plant 

community composition in this zone.  Other studies have found biotic factors such 

as competition to be influential in rarely flooded zones (Blom et al., 1990; 

Lenssen et al., 1999) and competitive species under Grime’s C-S-R scheme are 

usually found to be dominant in such areas (Menges & Waller, 1983).  In the 

Cooper Creek floodplain, however, plant communities in the low flood frequency 

zone are subjected to prolonged periods of drying.  Consequently, species which 

are able to persist under the stresses associated with drought, rather than 

competitors, appear to dominate plant communities in this zone.  In the spatial 

vegetation survey (Chapter 4), these were found to include the Annual and 

Perennial Sub-shrub plant groups, Perennial Monocots in the Poaceae family and 

Annual Forbs in the Asteraceae family, although the abundance of these differed 

with longitudinal region (Figures 4.5, 4.7, 4.8 and 4.9).  These plant groups were 

also observed to increase in cover during drying phases in the temporal survey 

(Chapter 3).  Overall,  both total cover and species richness were significantly 

lower in the low flood frequency zone in comparison with more frequently 

flooded areas.       
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In the Cooper Creek floodplain, areas with an intermediate frequency of flood 

pulses probably experience the greatest variability in allogenic conditions.  Plant  

communities surveyed in the medium flood frequency zone were found to be  

transitional between those of high and low flood frequency zones in terms of total 

cover, species richness and composition (Chapter 4).  No evidence in support of 

the ‘intermediate disturbance hypothesis’ was found (Connell, 1978).  Some 

species, however, exhibited their highest cover in this zone.  The Shrub, 

Chenopodium auricomum, for example, was recorded from all flood frequency 

zones (Figure 4.6), but was most abundant in the medium flood frequency zone.  

As this species also suffered mortality following the large flood event (Chapter 3), 

it is possible that the other major shrub species present, Muehlenbeckia florulenta, 

is favoured in more frequently flooded areas.  This would explain the apparent 

zonation between these two species on the flood frequency gradient (Figure 4.6).   

 

Flood history may also influence the potential of plant communities to respond to 

future flood pulse events through their ‘initial floristic composition’ (Egler, 1954).  

In the Cooper Creek floodplain, a large and diverse soil seed bank (Chapter 5), 

probably enables plant communities across the floodplain gradient to respond 

similarly to flood pulse inundation.  Species richness of the soil seed bank did not 

appear to vary with flood history and common species germinated in response to 

flooding from both high and low flood frequency zones (Chapters 5 and 6).  Flood 

history did, however, influence the abundance of the germinable soil seed bank 

(Chapters 5 and 6), suggesting that the magnitude of germination events occurring 

in response to flood pulses probably declines with decreasing flood frequency.  

With the exception of Annual Forbs belonging to the Asteraceae family, species 

which respond to drying phases do not appear to similarly rely on the soil seed 

bank for recruitment (Chapter 5).  Consequently, these species, e.g. members of 

the Poaceae family in the Perennial Monocot and Annual and Perennial Sub-shrub 

plant groups, are likely to be in higher abundance during dry phases in low flood 

frequency areas.  Evidence of this was found in both the temporal and spatial 

surveys (Chapters 3 and 4). 
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The distribution across the flood frequency gradient of adults and propagules 

belonging to each plant group reflects their varying responses to wetting and 

drying phases of flood pulses.  Flood history therefore contributes to spatial  

variation in vegetation composition at a landscape scale as well as determining the 

capacity of local plant communities to respond to flood pulse events. 

 

8.2.3  The Role of the Flow Regime 

 

The flow regime is the long-term ‘statistical generalization’ of flood pulses; their 

frequency, duration, size, timing, rates of rise and drawdown and the length of 

intervening dry periods (Puckridge et al., 1998), and operates at a landscape scale 

through evolutionary time (Walker et al., 1995).  With respect to vegetation 

dynamics, the flow regime is therefore likely to be a major factor determining the 

greater species pool available in a floodplain landscape.  In temperate and tropical 

floodplains, which receive relatively predictable annual flood pulses, species often 

exhibit specific adaptations to flow, e.g. flowering at times of regular inundation 

(Blom et al., 1990; Junk et al., 1989).  Plant species in large arid floodplains, 

however, must exhibit life history traits which enable persistence through flood 

pulse cycles of extreme variability.  Walker et al. (1995) suggest that flexible life 

history strategies, e.g. opportunism, may be perceived as adaptations to such 

variability.   

 

A large proportion of plant species in the Cooper Creek floodplain exhibit ruderal 

life histories (Grime, 1979; Menges & Waller, 1983), enabling escape in time 

from the stresses associated with both floods and droughts and persistence under 

extreme hydrological variability.  Species belonging to the Annual Monocot and 

Annual Forb plant groups, in particular, appear to persist predominantly via large 

soil seed banks (Chapters 5 and 6) which are likely to be long lived (Leck & 

Brock, 2000).  Seeds residing in the soil seed bank germinate primarily in 

response to cues associated with flood pulses and, given sufficient light and water 

availability, many common species appear to germinate opportunistically, 

regardless of temperature (Chapter 6).  Persistence amongst ruderal species is 
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further ensured by low percentages of seeds germinating in any single germination 

event (Chapter 6), thus enabling future generations to germinate in the advent of 

reproductive failure (Pake & Venable,1996; Venable & Lawlor, 1980).  The 

opportunity for reproductive success is additionally increased amongst many 

species by their capacity to rapidly complete their life cycles in the short periods 

of time that sufficient soil moisture is likely to be present  

(Chapter 7). 

 

Ruderal species in the Cooper Creek floodplain also exhibit varying degrees of 

flood tolerance (Chapter 7).  Several species were found capable of establishing 

under submerged conditions, e.g. Cyperus difformis, Aeschynomene indica, 

Cullen cinereum, Eragrostis tenelulla and Ammania multiflora.  Amongst these 

species, however, seedling growth was either equivalent or favoured by damp 

conditions (Chapter 7) and therefore probably occurs opportunistically throughout 

periods of flood pulse inundation and subsequent drawdown conditions. 

 

The highly variable flow regime appears to have selected for comparatively few 

species which can be considered as true stress-tolerators of flooding, with low 

growth rates and reproductive effort according to Grime’s C-S-R scheme (Grime, 

1979).  These few may include the Shrub Muehlenbeckia florulenta, which 

exhibited high cover in the frequently flooded zone (Chapter 4) and the Perennial 

Forb Marsilea drummondii (Marsileaceae), which is generally found to grow in 

aquatic habitats (Cunningham et al., 1992) and increased in cover following 

wetting phases (Chapter 3).  Members of the Cyperaceae family in the Perennial 

Monocot plant group may also be considered as flood stress-tolerators.  These 

species were only recorded from the frequently flooded zone (Chapter 4) and 

Cyperus bifax was found to have low growth rates which did not differ under 

submerged or damp conditions (Chapter 7).  Cyperus bifax and Marsilea 

drummondii, however, also exhibit ruderal-type life history traits.  C. bifax 

germinated frequently from the soil seed bank (Chapters 5 and 6) and M. 

drummondii is known to produce a high abundance of sporocarps upon drying 

which release germinable spores when inundated (Cunningham et al., 1992). 
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Dormancy additionally occurs in Muehlenbeckia florulenta, although in adult 

plants rather than propagules in the soil seed bank.  This species persists through  

drought as dormant stems which produce leaves and flowers in response to 

flooding (Roberts & Marston, 2000). 

 

Competition was not examined in this study. It appears likely, however, that 

species occurring in high abundance in low flood frequency zones or during 

dry phases may be more appropriately considered as drought stress-tolerators 

rather than competitors which generally occur in infrequently flooded zones of 

less variable floodplains (Grime, 1979; Menges & Waller, 1983).  Plant groups 

falling into this category, e.g. Perennial Sub-shrubs or members of the Poaceae 

family in the Perennial Monocot plant group, do not appear to rely on the soil seed 

bank for recruitment (Chapter 5) and probably persist via vegetative reproduction, 

aerial seed banks or seed fall coinciding with conditions suitable for germination 

and establishment.  Alternatively, many members of the Asteraceae family in the 

Annual Forb plant group exhibit life history traits which are more akin to non-

floodplain arid zone annuals, i.e. rapid germination from the soil seed bank in 

response to rainfall (Freas & Kemp, 1983; Jurado & Westoby, 1992; Venable & 

Lawlor, 1980).  These species may be considered as drought ruderals. 

 

The greater species pool present in the Cooper Creek floodplain therefore appears 

to consist of three broad categories of plant types; flood stress-tolerators, drought 

stress-tolerators and ruderals (Figure 8.2).  The bulk of plant species, however, 

fall into the latter category, amongst which a range of responses are evident to 

both flooding and drying.  Overall, dormancy, the ability to respond rapidly to 

favourable conditions and opportunism, appear to be life history traits which have 

been selected for by the highly variable flow regime.    
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Figure 8.2  Modification of Grime’s C-S-R triangle for arid floodplain plants. 

  (Adapted from Menges & Waller, 1983). 

 

 

8.2.4  Synthesis 

 

Flow contributes to plant community composition and structure in the arid 

floodplain of the Cooper Creek at each of the temporal and spatial scales 

considered in this study.  At a landscape scale and through evolutionary time, the 

flow regime has selected for a species pool comprising plant groups which exhibit 

a range of life history traits that enable persistence under extreme hydrological 

variability.  As a result of their differing responses to flood pulse wetting and 

drying, flood history has subsequently determined the distribution of adults and 

propagules belonging to each of these plant groups throughout the landscape.  The 

actual composition of extant plant communities appears to depend primarily on 

more recent cycles of flood pulse wetting and drying.  Time since last flood pulse 

and the hydrological attributes of this, e.g. inundation duration and timing, are 

likely to be important factors determining plant community composition at this 

scale. 
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With an understanding of plant group responses to wetting and drying, it is 

therefore possible to make broad predictions concerning plant community  

composition at any time and spatial position on the floodplain by considering its 

flood history and attributes of recent flood pulse events (Figure 8.3). 

Stress-tolerant perennial species in the Cooper Creek floodplain, for example, are 

likely to be restricted at most times to areas with a higher degree of habitat 

predictability.  The majority of these species do not appear to rely on a soil seed 

bank for persistence and are probably dispersal-dependent.  Consequently, flood 

tolerant perennials, e.g. Shrubs and Perennial Monocots in the Cyperaceae family, 

should occur predominantly in frequently flooded zones whilst drought tolerant 

perennials, e.g. Perennial Sub-shrubs and Perennial Monocots in the Poaceae 

family, should be dominant in rarely flooded zones (Figure 8.3).  Conversely, 

most annual ruderal species in the Cooper Creek floodplain appear to be widely 

distributed in the soil seed bank.  Their presence in the extant vegetation is 

therefore dependent on recent hydrological conditions and their responses at each 

life history stage to wetting or drying (Figure 8.3).  Attributes of recent flood  

pulse events, e.g. timing or duration, are also likely to determine the contribution 

of annual ruderal species to extant plant communities.  

 

Flow variability consequently maintains a heterogeneous mosaic of plant 

communities of differing composition and structure throughout the Cooper Creek 

floodplain.  At a local scale, factors other than flow, e.g. soil type, rainfall, 

proximity to neighbouring land systems etc., may additionally influence plant 

community composition.  In rarely flooded areas, these factors are likely to have 

greater significance, causing the composition of plant communities within these 

areas to diverge during drying phases.  This study has demonstrated, however, 

that at a landscape scale, flow, despite its variability, has an overriding effect on 

plant community composition and structure in a large arid floodplain. 
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Figure 8.3  Conceptual model of arid floodplain vegetation dynamics. 

Error bars for each plant group indicate the likely distribution of these  

species in time and space.  

 

 

8.3  Potential Impacts of Changing Flow on Vegetation Dynamics 

 

Given the close relationship between vegetation dynamics and flow in the Cooper 

Creek floodplain, anthropogenic alterations to flow could be expected to result in 

numerous changes to existing temporal and spatial patterns in plant community 

composition and structure.  Rates of water extraction are currently minimal in all 

of the Channel Country rivers, including the Cooper Creek, but proposals for 

water resource development in these catchments have increased in recent years 

(Queensland Department of Natural Resource, 1998; Walker et al., 1997).  

Extraction and diversion of surface water in addition to river regulation through  
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the construction of dams, weirs and levee banks, have a dramatic impact on 

natural patterns of flow in large dryland catchments (Davies et al., 1994; Thoms & 

Sheldon, 2000; Walker et al., 1995).  Alterations of flow through such means 

generally results in a reduction of mean annual flows and an increase in median 

flows (Puckridge et al., 1998; Walker et al., 1995).  Consequently, the frequency, 

size and duration of flood pulse events are decreased and periods of low or no 

flow are diminished (Walker et al., 1995).  In some cases, e.g. the Murray-Darling 

Basin, the seasonality of flows are also reversed by regulation and water 

diversion, with increases to flow occurring during summer and autumn and the 

depletion of winter and spring flows (Thoms & Sheldon, 2000; Walker et al., 

1995).  The overall effect of these changes is a lessening of the natural flow 

variability under which dryland river floodplain systems and their plant 

communities have evolved (Thoms & Sheldon, 2000; Walker et al., 1995).  

 

The most immediate impact of river regulation and water extraction on dryland 

river flows is the alteration of hydrological attributes of individual flood pulse 

events, e.g. size, duration, rate of drawdown and timing.  In the Murray River, 

regulation has led to reductions in the magnitude of high and low flow phases of 

flood pulse cycles and an increase in the duration of intermediate stable periods 

(Walker et al., 1995).  As arid floodplain plants exhibit varying responses to flood 

pulses of differing attributes (Figure 8.1, Table 8.1), such changes to flood pulse 

size, duration, etc., are likely to have a significant effect on the resultant temporal 

and spatial patterns in plant community composition.  A reduction in the size of a 

flood pulse, for example, would decrease the extent of floodplain inundated and 

therefore the range of plant communities responding to wetting at a landscape 

scale.  Decreased inundation duration may influence the magnitude of germination 

events occurring in response to flooding, particularly amongst members of the 

Annual Monocot plant group and the Fabaceae family in the Annual Forb plant 

group.  Germination of other Annual Forb species may be similarly affected by 

increased rates of drawdown.  A decline in the duration of damp drawdown 

conditions would also influence the successful establishment and reproduction of 

species germinating in response to a flood pulse.  Additionally, dispersal of  
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propagules could be affected by reductions in inundation extent and duration.  

Subsequently, the effects of flood pulse alteration on reproduction and dispersal 

could affect soil seed bank composition and therefore the capacity of plant 

communities to respond to future flood pulse events. 

 

Over time, flood history is also likely to change as a consequence of alterations to 

flood pulse attributes in addition to a reduction in their frequency (Thoms & 

Sheldon, 2000).  Spatial patterns in plant community composition and structure 

would be likely to shift as a result.  Species whose germination or growth is 

favoured by drying phases could potentially replace hydrophytic species and a 

‘streamward migration’ of vegetation zones could occur (Hughes & Cass, 1997).  

This has been observed in areas of the Murray-Darling Basin where Eucalyptus 

camaldulensis has invaded grass plains which were inundated more frequently 

prior to river regulation (Bren, 1992).  In the Cooper Creek floodplain, decreased 

flood frequency could lead to a shift in the distribution of stress-tolerant 

perennials, e.g. a reduction in the area currently occupied by Muehlenbeckia 

florulenta and replacement by Chenopodium auricomum.  The areas dominated by 

Perennial Sub-shrubs and Perennial Monocots in the Poaceae family might 

similarly expand.   

 

The distribution of ruderal species persisting in the soil seed bank could also be 

affected by changes to flood history, as the abundance of germinable seeds 

appears to decrease with declining flood frequency.  Consequently, soil seed 

banks in the medium and low flood frequency zones of the Cooper Creek 

floodplain may become depleted with fewer and shorter periods of flood pulse 

inundation.  Reduced flow variability in dryland floodplains resulting from river 

regulation may favour the long-term persistence of species adapted to more stable 

low flow conditions (Walker et al., 1995).  In the Cooper Creek floodplain, 

perennial drought tolerators could therefore come to dominate plant community 

composition.  Given the high proportion of opportunistic ruderal species present 

in the vegetation, loss of plant biodiversity could eventually result from decreased 

variability of the flow regime.   
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In many floodplains subjected to flow regulation, plant communities have 

additionally been degraded by mass invasions of exotic species (Tockner & 

Stanford, 2002).  In the Colorado River floodplain, for example, communities of 

Salix spp. (willow) and Populus spp. (cottonwood) have been replaced by 

invasive Tamarix spp. which are superior competitors under the altered flow  

conditions resulting from flow regulation in this catchment (Glenn et al., 1998).  

In this study, no exotic species were recorded from either the extant vegetation or 

the soil seed bank of the Cooper Creek floodplain.  Invasive species including 

Parkinsonia aculeata, Acacia farnesiana, Prosopis spp., Parthenium 

hysterophorus and Xanthium spp. are however known to occur in the understorey 

of riparian woodlands which occupy the raised levee banks of major channels and 

waterholes in the Cooper Creek catchment (Milson, 1995).  It is possible that 

these species could invade the shrub, forb and grass communities of the floodplain 

if anthropogenic alterations to flow led to reduced flood frequency of these areas.   

 

In general, anthropogenic changes to flow have the potential to alter both spatial 

and temporal patterns in plant community composition and structure in dryland 

floodplains.  The effects of flow regulation or water extraction on flood pulses, 

flood history and the flow regime would probably homogenise vegetation 

throughout the landscape with significant implications for wider ecological 

functioning.  Changes in floodplain vegetation, for example, may affect the 

quality of habitat provided to both terrestrial wildlife, e.g. waterbirds, and aquatic 

fauna which utilise the floodplain during periods of inundation, e.g. fish (Junk et 

al., 1989; Kingsford & Thomas, 1995; Walker et al., 1995).  Patterns of erosion 

and sedimentation could also be influenced by structural changes to plant 

communities, potentially altering sediment and nutrient loads entering river 

channels (Blanch et al., 1996; Davies et al., 1994).  Reductions in overbank 

flooding may additionally decrease the productivity of native pasture growth.  

Consequently, whilst alterations to flow may result in short term economic 

benefits, the impacts on ecological and socio-economic values of dryland 

floodplains and their vegetation are likely to be deleterious in the long term.   
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8.4 Other Factors influencing Vegetation Dynamics  
 

This study has demonstrated that flow is a key determinant of plant community 

composition and structure in the Cooper Creek floodplain.  In rarely flooded areas 

of the floodplain or during drying phases, however, it appears probable that other 

factors, e.g. soil type, rainfall, etc., influence vegetation dynamics at local scales.  

In particular, cattle grazing is likely to have a significant impact on plant 

community composition and structure.  The effects of grazing could not be 

isolated during this study since cattle are excluded from very few areas of the 

Cooper Creek floodplain.  As cattle selectively graze palatable species (Milson, 

1995), there can be little doubt, however, that vegetation composition is affected 

as a result.   

 

Studies of grazing effects in riparian and wetland systems have found substantial 

impacts on plant community composition and structure including depleted 

groundcover biomass, altered species composition and reduced tree recruitment 

(Robertson & Rowling, 2000).  The abundance of some native species declines in 

response to grazing, whilst other species appear to be favoured by light grazing 

(Blanch & Brock, 1994; Fensham, 1998; McIntyre & Lavorel, 2001).  Low 

intensity grazing may additionally maintain high species richness in some 

wetlands (Blanch & Brock, 1994).  The interaction of grazing and flooding 

appears to have a negative effect on wetland plants and grasses (Blanch & Brock, 

1994; Oesterheld & McNaughton, 1991).  Growth of plants subjected to both 

flooding and grazing is therefore likely to be lower than that of plants which are 

only flooded or grazed (Oesterheld & McNaughton, 1991). 

 

During flood pulse inundation and damp drawdown conditions in the Cooper 

Creek, boggy soil and large populations of mosquitoes and sandflies reportedly 

restrict cattle access to the floodplain (Edmonston, 2001).  Consequently, grazing 

is likely to have a greater impact on plant community composition in the low 

flood frequency zone or in dry phases throughout the floodplain.  The abundance 

of Perennial Monocots belonging to the Poaceae family is particularly likely to be  
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reduced by grazing in such areas (Milson, 1995).  The observed dominance in the 

low flood frequency zone of less palatable drought tolerant perennials, e.g. 

members of the Perennial Sub-shrub plant group (Chapter 4), may therefore 

reflect a response to grazing.  There is some evidence to suggest that germination 

events and plant growth occurring as a result of flood pulse inundation may 

ameliorate such effects of grazing (Insausti et al., 1999).  In this study, the 

abundance of Perennial Sub-shrubs in the low flood frequency zone did decrease 

significantly following inundation (Chapter 3).  The presence of a large and 

diverse soil seed bank which germinates in response to flooding also enables plant 

species which may be suppressed by grazing during dry phases to re-establish in 

the advent of flood pulse events.  Replenishment of the soil seed bank, however, 

will depend on plants being able to produce seed prior to being grazed (Crossle & 

Brock, 2002).  Current management practices such as restricting cattle access to 

the floodplain immediately following flood pulses and during prolonged periods 

of drying (Edmonston, 2001), may therefore ensure the relative sustainability of 

grazing in the Cooper Creek floodplain. 

 

8.5  Future Research Directions 

 

The research conducted in this study has focused predominantly on vegetation 

dynamics at a community level.  Although germination and growth of individual 

species were investigated in Chapters 6 and 7, these experiments were intended to 

detect broad trends in the responses to flow of different plant groups at significant 

life history stages in order to determine how these contribute to community scale 

patterns.  Further research is required to establish more specific flow requirements 

of individual plant species.  In particular, attention should probably be given to 

the perennial flood tolerant species which do not appear to rely on the soil seed 

bank for recruitment.  Muehlenbeckia florulenta, for example, is a widely 

distributed shrub inhabiting dryland floodplains throughout Australia where it 

provides important waterbird habitat (Kingsford & Thomas, 1995).  Very little is 

known regarding the life history of this species and existing studies are limited to 

an analysis of its habitat characteristics (Craig et al., 1991) and a collection of  
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personal observations (Roberts & Marston, 2000).  There is an even greater 

paucity of information regarding other perennial species occurring in the Cooper 

Creek floodplain, e.g. Chenopodium auricomum.  Research into the relationships 

between flow and life cycles of these common but poorly known species could 

therefore yield information of both scientific and management significance. 

 

8.6  Conclusion 

 

Temporal and spatial patterns in plant community composition and structure 

across the Cooper Creek floodplain can be primarily attributed to flow.  As a 

consequence of its extreme variability, the flow regime has selected for species 

which display a range of life history traits that enable persistence through 

unpredictable cycles of flooding and drought.  Across the spectrum of plant 

groups present, flow has the potential to influence the outcomes of each life 

history stage.  Subsequently, plant community composition and structure exhibit 

shifts both temporally, in response to flood pulses, and spatially, as a result of 

flood history.  At a landscape scale, flow variability therefore maintains a 

heterogeneous mosaic of plant communities of differing composition and 

structure.  Given the close relationship between flow and vegetation dynamics, 

anthropogenic alterations to flow would be likely to be reflected by changes in 

spatial and temporal patterns in floodplain plant communities.  This study 

provides a foundation from which to make predictions regarding such impacts on 

floodplain vegetation in the Cooper Creek as well as in surrounding dryland 

catchments.  It is hoped that this thesis will also contribute to a wider 

understanding of the ecology of floodplains as they become some of the most 

threatened and degraded ecosystems on the planet (Tockner & Stanford, 2002). 
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Appendix 1.   
 

 
Two-way ANOVA Tables for Temporal Survey (Chapter 3) 
 
 
Source DF Type III SS Mean 

Square 
F value Sig. 

 
i) Total Cover (transformed) 

    

Survey Time 4 0.94 0.24 59.20 <0.001 
Flood History 2 0.09 0.05 11.67 <0.001 
Survey Time * Flood History 8 0.13 0.02 4.01 0.001 
Error 45 0.18 0.00   
Total 60 528.98    
Corrected Total 
 

59 1.34    

ii) Species Richness      
Survey Time 4 300.33 75.08 12.44 <0.001 
Flood History 2 3.70 1.85 0.31 0.737 
Survey Time * Flood History 8 112.47 14.06 2.33 0.035 
Error 45 271.50 6.03   
Total 60 12448.00    
Corrected Total 
 

59 688.00    

iii) Cover of Major Plant  
Groups (transformed) 
 

   

Annual Forbs      
Survey Time 4 14.59 3.65 30.95 <0.001 
Flood History 2 0.24 0.12 1.00 0.377 
Survey Time * Flood History 8 2.03 0.25 2.16 0.050 
Error 45 5.30 0.12   
Total 60 276.48    
Corrected Total 
 

59 22.17    

Annual Monocots      
Survey Time 4 10.70 2.67 11.30 <0.001 
Flood History 2 14.44 7.22 30.51 <0.001 
Survey Time * Flood History 8 4.84 0.60 2.56 0.022 
Error 45 10.65 0.24   
Total 60 244.26    
Corrected Total 
 

59 40.62    

Annual Sub-shrubs      
Survey Time 4 14.43 3.61 35.08 <0.001 
Flood History 2 0.06 0.03 0.27 0.764 
Survey Time * Flood History 8 0.25 0.03 0.30 0.962 
Error 45 4.63 0.10   
Total 60 24.70    
Corrected Total 
 

59 19.37    
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Source DF Type III SS Mean 
Square 

F value Sig. 

 
Perennial Forbs 

     

Survey Time 4 2.26 0.56 20.50 <0.001 
Flood History 2 1.24 0.62 22.53 0.000 
Survey Time * Flood History 8 0.27 0.03 1.24 0.299 
Error 45 1.24 0.03   
Total 60 333.30    
Corrected Total 
 

59 5.01    

Perennial Monocots      
Survey Time 4 3.10 0.78 9.03 <0.001 
Flood History 2 2.75 1.38 16.04 <0.001 
Survey Time * Flood History 8 1.48 0.19 2.16 0.049 
Error 45 3.86 0.09   
Total 60 346.25    
Corrected Total 
 

59 11.20    

Perennial Sub-shrubs      
Survey Time 4 9.56 2.39 5.77 0.001 
Flood History 2 1.40 0.70 1.69 0.195 
Survey Time * Flood History 8 4.20 0.52 1.27 0.284 
Error 45 18.63 0.41   
Total 60 75.33    
Corrected Total 
 

59 33.79    

Shrubs      
Survey Time 4 1.39 0.35 0.83 0.515 
Flood History 2 19.97 9.99 23.80 <0.001 
Survey Time * Flood History 8 5.38 0.67 1.60 0.151 
Error 45 18.88 0.42   
Total 60 76.13    
Corrected Total 
 

59 45.63    
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Appendix 2.   
 

 
List of Species Recorded in Temporal Survey (Chapter 3) 
 
 
Major Plant Group Family Species Name Species Author* 
    
Annual Forbs Amaranthaceae Alternanthera nodiflora R.Br. 
 Apiaceae Daucus glochidiatus (Labill.) Fisch., 

C.A.Mey & Ave-
Lall. 

 Asteraceae Calotis hispidula (F.Muell.) F.Meull. 
  Calotis multicaulis 
  Calotis porphyroglossa F.Muell. Ex Benth. 
  Epaltes australis Less. 
  Leiocarpa brevicompta (F.Muell.) Paul G. 

Wilson 
  Pseudognaphalium luteoalbum (L.) Hilliard & 

B.L.Burtt 
  Senecio lautus G.Forst. Ex Willd. 
 Brassicaceae Lepidium sagittulatum Thell. 
 Campanulaceae Wahlenbergia gracilis (G.Forst.) A.DC. 
 Caryophyllaceae Spergularia rubra (L.) J.Presl & 

C.Presl 
 Commelinaceae Commelina ensifolia R.Br. 
 Convolvulaceae Ipomea diamantinensis J.M.Black ex 

Eardley 
  Ipomea sp. 
 Cucurbitaceae Cucumis myriocarpus Naudin subsp. 

Myriocarpus 
 Euphorbiaceae Chamaesyce drummondii (Boiss.) 

D.C.Hassall 
  Phyllanthus maderaspatensis L. 
  Phyllanthus virgatus G.Forst. 
 Fabaceae Aeschynomene indica L. 
  Cullen cinereum (Lindl.) J.W.Grimes
  Indigofera colutea (Burm.f.) Merr. 
  Indigofera sp. 
  Lotus cruentus Court 
  Sesbania cannabina (Retz.) Poir. 
  Trigonella suavissima Lindl. 
  Unknown 
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Major Plant Group Family Species Name Species Author* 
    
 Gentianaceae Centaurium spicatum (L.) Fritsch ex 

Janch. 
 Lythraceae Ammania multiflora Roxb. 
 Plantaginaceae Plantago cunninghamii Decne. 
 Portulacaceae Portulaca oleracea L. 
 Tiliaceae Corchorus trilocularis L. 
 Zygophyllaceae Tribulus terrestris L. 

 
Annual Monocots Cyperaceae Cyperus difformis L. 
 Poaceae Chloris pectinata Benth. 
  Chloris sp. 
  Chloris truncata R.Br. 
  Dactyloctenium radulans (R.Br.) P.Beauv. 
  Echinocholoa turneriana (Domin) J.M.Black 
  Eragrostis parviflora (R.Br.) Trin. 
  Eragrostis tenellula (Kunth) Steud. 
  Iseilema sp. 

 
Annual Sub-shrubs Chenopodiaceae Salsola kali 

 
L. 

Perennial Forbs Acanthaceae Rostellularia adscendens var. 
pogonanthera 

(F.Muell.) 
R.M.Barker 

 Fabaceae Swainsona campylantha F.Muell. 
 Goodeniaceae Goodenia fascicularis F.Muell & Tate 
  Goodenia glauca F.Muell. 
 Haloragaceae Haloragis aspera Lindl. 
  Haloragis glauca Lindl. 
 Lamiaceae Teucrium racemosum R.Br. var. 

racemosum 
 Malvaceae Malvastrum americanum (L.) Torr. var. 

americanum 
  Sida platycalyx Benth. 
  Sida rohlenae Domin subsp. 

Rohlenae 
  Sida sp. 
  Sida sp. 
 Marsileaceae Marsilea drummondii A.Braun 
 Mimosaceae Neptunia gracilis Benth. forma 

gracilis 
 Nyctaginaceae Boerhavia dominii Meikle & Hewson 
  Boerhavia schomburgkiana Oliv. 
 Scrophulariaceae Mimulus gracilis R.Br. 
  Morgania floribunda? 
 Solanaceae 

 
 
 
 

Solanum esuriale Lindl. 
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Major Plant Group Family Species Name Species Author* 
    
Perennial Monocots Cyperaceae Cyperus bifax   C.B.Clarke 
  Eleocharis sp. 
 Poaceae Aristida jerichoensis  Henrard 
  Aristida latifolia Domin 
  Astrebla lappacea (Lindl.) Domin 
  Dicanthium sericeum (R.Br.) A.Camus 

subsp. Sericeum 
  Eragrostis eriopoda Benth. 
  Eragrostis setifolia Nees 
  Eriachne helmsii (Domin) W.Hartley
  Eriochloa crebra S.T.Blake 
  Panicum decompositum R. Br. var. 

decompositum 
  Sporobolus actinocladus (F.Muell.) F.Meull. 
  Sporobolus caroli Mez 
  Sporobolus mitchellii (Trin.) C.E.Hubb. 

ex S.T.Blake 
  Sporobolus sp. 

 
Perennial Sub-shrubs Chenopodiaceae Atriplex angulata Benth. 
  Sclerolaena muricata (Moq.) Domin var. 

muricata 
 

Shrubs Chenopodiaceae Chenopodium auricomum Lindl. 
 Polygonaceae Muehlenbeckia florulenta Meisn. 

  

* - Nomenclature follows Henderson, 2002. 
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Appendix 3.   
 

 
List of Species Recorded in Spatial Survey (Chapter 4) 
 
 
Major Plant Group Family Species Name Species Author* 
    
Annual Forbs Aizoaceae Trianthema triquetra Rottb. Ex Willd. 
  Amaranthaceae Alternanthera nodiflora R.Br. 
  Apiaceae Daucus glochidiatus (Labill.) Fisch., 

C.A.Mey & Ave-
Lall. 

   Eryngium plantagineum F.Muell. 
  Asteraceae Calotis hispidula (F.Muell.) F.Meull. 
   Calotis multicaulis  
    Calotis porphyroglossa F.Muell. Ex Benth. 
    Leiocarpa brevicompta (F.Muell.) Paul G. 

Wilson 
    Rhodanthe floribunda (DC.) Paul G. 

Wilson 
   Senecio glossanthus (Sond.) Belcher 
 Brassicaceae Lepidium sagittulatum Thell. 
 Campanulaceae Wahlenbergia gracilis (G.Forst.) A.DC. 
  Cucurbitaceae Cucumis myriocarpus Naudin subsp. 

Myriocarpus 
  Fabaceae Cullen cinereum (Lindl.) J.W.Grimes
    Trigonella suavissima Lindl. 
  Plantaginaceae Plantago cunninghamii Decne. 
  Portulacaceae Portulaca oleracea L. 
  Tiliaceae Corchorus trilocularis 

 
L. 

Annual Monocots Cyperaceae Cyperus difformis L. 
  Poaceae Chloris pectinata Benth. 
    Echinocholoa turneriana (Domin) J.M.Black 
    Eragrostis tenellula (Kunth) Steud. 
    Iseilema sp. 

 
 

Annual Sub-shrubs Chenopodiaceae Salsola kali 
 

L. 

Perennial Forbs Asteraceae Calocephalus platycephalus (F.Muell.) Benth. 
   Streptoglossa adscendens (Benth.) Dunlop 
  Goodeniaceae 

 
 
 
 

Goodenia fascicularis 
 
 

F.Muell & Tate 
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Major Plant Group Family Species Name Species Author* 
    
   Scaevola sp.  
  Lamiaceae Teucrium racemosum R.Br. var. 

racemosum 
  Malvaceae Malvastrum americanum (L.) Torr. var. 

americanum 
    Sida rohlenae Domin subsp. 

Rohlenae 
  Marsileaceae Marsilea drummondii A.Braun 
  Nyctaginaceae Boerhavia dominii Meikle & Hewson 
    Boerhavia schomburgkiana Oliv. 
  Solanaceae Solanum esuriale Lindl. 
  Verbenaceae Verbena officinalis 

 
L. 

Perennial Monocots Cyperaceae Eleocharis sp.  
  Poaceae Aristida jerichoensis var. 

subspinulifera 
Henrard 

    Astrebla lappacea (Lindl.) Domin 
    Eragrostis eriopoda Benth. 
    Eragrostis setifolia Nees 
    Eriochloa crebra S.T.Blake 
   Eulalia aurea (Bory) Kunth 
    Panicum decompositum R. Br. var. 

decompositum 
    Sporobolus actinocladus (F.Muell.) F.Meull. 
    Sporobolus mitchellii (Trin.) C.E.Hubb. 

ex S.T.Blake 
 

Perennial Sub-shrubs Chenopodiaceae Atriplex angulata Benth. 
   Atriplex spongiosa F.Muell. 
   Malacocera albolanata (Ising) Chinnock 
   Sclerolaena lanicuspis (F.Muell.) F.Meull. 

ex Benth. 
   Sclerolaena longicuspis (F.Muell.) A.J.Scott
   Sclerolaena muricata (Moq.) Domin var. 

muricata 
   Sclerolaena tricuspis (F.Muell.) Ulbr. 
 Frankeniaceae Frankenia serpyllifolia 

 
Lindl. 

Shrubs Chenopodiaceae Chenopodium auricomum Lindl. 
  Polygonaceae Muehlenbeckia florulenta 

 
Meisn. 

* - Nomenclature follows Henderson, 2002. 
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Appendix 4.   
 

 
Soil Seed Bank Pilot Study (Chapter 5) 
 
 
 
A pilot study was conducted from April to June 2000 to explore the effects of 

different watering treatments on the composition of seedlings germinating from 

the soil seed bank.  Extra soil samples collected from the Near Channel zone 

during the first temporal survey in February 2000 (Chapter 3) were used for this 

trial.  Soil was evenly distributed between 32 plastic trays , 17 cm x 12 cm with 

drainage holes, to a depth of approximately 2 cm.  Trays were then randomly 

arranged in larger foil containers placed on tables in the Griffith University 

glasshouse and subjected to four different watering treatments over the course of 

the 3 month trial.  Eight trays were submerged for the entire period to a depth of 

approximately 5 cm over the soil surface by filling the foil containers with water.  

A further eight trays were submerged in this manner for the first 8 weeks and then 

raised on stands so the soil surface was at the water level and remained damp for 

the final 4 weeks.  Another eight trays were raised to this level and kept damp for 

the whole period and a final set of eight trays were placed on higher stands above 

the water level and hand watered daily by hose.  Water levels were maintained for 

the duration of the trial by adding water to the foil containers when necessary.  

Seedlings which germinated during the course of the pilot study were removed 

and recorded.  Representatives of species which could not be identified during this 

time were re-potted and watered until flowering occurred and identification was 

possible. 

 

318 seedlings representing sixteen species germinated during the soil seed bank 

pilot study (Table A).  All of these species germinated across trays which were 

kept damp for the 3 month period.  Fewer species germinated from trays subjected 

to the other three watering treatments and no additional species germinated in 

trays which were submerged rather than damp during this trial. 
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Table A  Species germinating from the soil seed bank under each watering treatment in 

the soil seed bank pilot study. 

 

 
Watering Treatment 

 

Species 

Flooded for 
12 weeks 

Flooded for 8 
weeks, damp 
for 4 weeks 

Damp for 12 
weeks 

Rain for 12 
weeks 

Ammania multiflora    X 

Alternanthera nodiflora    X 

Calotis hispidula X X   

Centaurium spicatum X   X 

Cullen cinereum X   X 

Cyperus bifax    X 

Cyperus difformis    X 

Eragrostis tenellula    X 

Eryngium plantagineum X   X 

Haloragis aspera     

Ipomea diamantinensis X X   

Marsilea drummondii     

Mimulus gracilis    X 

Panicum decompositum     

Portulaca oleracea X    

Trigonella suavissima X   X 
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Appendix 5.   
 

 
List of Species Recorded in Soil Seed Bank (Chapter 5) 
 
 
Major Plant Group Family Species Name Species Author* 
    

Annual Forbs Amaranthaceae Alternanthera nodiflora R.Br. 

  Apiaceae Daucus glochidiatus 
(Labill.) Fisch., 
C.A.Mey & Ave-Lall. 

   Eryngium plantagineum F.Muell. 
  Asteraceae Calotis hispidula (F.Muell.) F.Meull. 
   Calotis multicaulis  
    Calotis porphyroglossa F.Muell. Ex Benth. 

   Centipeda minima 
(L.) A.Braun & Asch. 
var. minima 

    Leiocarpa brevicompta 
(F.Muell.) Paul G. 
Wilson 

    Pseudognaphalium luteoalbum (L.) Hilliard & B.L.Burtt
    Pterocaulon sphacelatum (Labill.) F.Muell. 
    Senecio lautus G.Forst. Ex Willd. 
 Brassicaceae Arabidella eremigena (F.Muell) E.A.Shaw 
   Lepidium sagittulatum Thell. 
 Campanulaceae Wahlenbergia gracilis (G.Forst.) A.DC. 
 Caryophyllaceae Spergularia rubra (L.) J.Presl & C.Presl 
  Convolvulaceae Ipomea diamantinensis J.M.Black ex Eardley 
  Euphorbiaceae Phyllanthus virgatus G.Forst. 
  Fabaceae Aeschynomene indica L. 
    Cullen cinereum (Lindl.) J.W.Grimes 
    Trigonella suavissima Lindl. 
  Gentianaceae Centaurium spicatum (L.) Fritsch ex Janch. 
  Lythraceae Ammania multiflora Roxb. 
 Molluginaceae Mollugo cerviana (L.) Ser. 
  Plantaginaceae Plantago cunninghamii Decne. 
  Portulacaceae Portulaca oleracea L. 

 

Unknown 
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Major Plant Group Family Species Name Species Author* 

Annual Monocots Cyperaceae Cyperus difformis L. 
   Cyperus pygmaeus Rottb. 
   Cyperus sp.  
 Poaceae Aristida contorta F.Muell. 
    Chloris pectinata Benth. 
    Dactyloctenium radulans (R.Br.) P.Beauv. 
    Echinocholoa turneriana (Domin) J.M.Black 
   Elytrophorus spicatus (Willd.) A.Camus 
   Eragrostis basedowii Jedwabn. 
    Eragrostis parviflora (R.Br.) Trin. 
    Eragrostis tenellula (Kunth) Steud. 

    
Iseilema sp. 
  

Perennial Forbs Asteraceae Minuria denticulata (DC.) Benth. 
  Goodeniaceae Goodenia fascicularis F.Muell & Tate 
  Haloragaceae Haloragis aspera Lindl. 
  Malvaceae Sida rohlenae Domin subsp. Rohlenae 
  Marsileaceae Marsilea drummondii A.Braun 
  Scrophulariaceae Mimulus gracilis R.Br. 

  
Verbenaceae 
 

Verbena officinalis 
 

L. 
 

Perennial Monocots Cyperaceae Cyperus bifax   C.B.Clarke 
    Eleocharis sp.  

  Poaceae Dicanthium sericeum 
(R.Br.) A.Camus subsp. 
Sericeum 

    Eragrostis eriopoda Benth. 
    Eriochloa crebra S.T.Blake 

    Panicum decompositum 
R. Br. var. 
decompositum 

   
Paspalidium jubiflorum 
 

(Trin.) Hughes 
 

* - Nomenclature follows Henderson, 2002. 
 
 




