
• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

internal 

report 

Grassland community 

dynamics of a 

freshwater tropical 

floodplain: Invasion of 

Brachiaria mutica (Para 

grass) on the Ma,gela 

floodplain, Kakadu 

National Park 

NJA Knerr 

January 1998 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

GRASSLAND COMMUNITY DYNAMICS OF A 
FRESHWATER TROPICAL FLOODPLAIN: Invasion of 

Brachiaria mutica (Para Grass) on the Magela Floodplain, 
Kakadu National Park. 

By 

Nunzio John Alexander Knerr 

A Thesis submitted in partial fulfilment of the degree of Bachelor of Science 
with Honours, University of New England, Armidale, November 1996. 

Department of Botany 
University of New England 
Armidale NSW 2351 
Australia 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Dec/aration 

I certify that the work described in this thesis has not been submitted for any 
other award or degree. I certify that any help in the preparation of this thesis 
and all sources used have been acknowledged . 

Nunzio John Alexander Knerr 

,\... 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Acknowledgments 
No Honours study occurs without the valuable assistance of many people and 

the utilisation of many resources, and this one is no exception. Firstly I would 

like to thank all of the staff at the Environmental Research Institute of the 

Supervising Scientist (eriss) for making my stay in Kakadu a pleasant one. In 

particular I would like to thank Ray Hall for assistance in field work, Ben Baylis 

for his many hours of hard work and dedication to the project both in the field 

and in the glasshouse for without him the project would not have been possible. 

Dr Ann Bull for her limitless knowledge and help with GIS and Dr Max 

Finlayson for supplying me with accommodation and much needed guidance 

throughout the project. 

Several volunteers at the Institute require special mention, MalcOlm Merrott 

travelled 3000km to help me both in the field and glasshouse and also spent 

countless hours looking down a microscope for my cause, for this I am eternally 

grateful. Thanks also to Vicki Lee who spent many hours sieving soil among 

other things, Paul Bates, Abbie Spiers and Penny Wurm all of whom assisted in 

field work. 

Several people assisted me with plant identification and must be 

acknowledged, these were Kym Brennan, Ian Cowie and Clyde Dunlop without 

their help, much time would have been wasted deliberating over plant names. 

People in Armidale that assisted me include Catherine Nano and Geoff Smith 

who read countless drafts of essays and this thesis, Dr Michelle Cassanova, 

Associate Professor Wal Whalley and Dr Peter Clarke who all offered 

invaluable advice in times of need. 

Special thanks to my supervisors at UNE, Dr Jeremy Bruhl and Dr Margaret 

Brock, Margaret spent countless hours of her precious time with me and 

without her input the project would not have happened. 

Adrian Brown whom I shared a house with during the write up requires special 

mention not only for his much appreciated help, but also for putting up with me 

during this period of my life. 

I would also like to thank both of my parents for their love and support during 

my life, particularly throughout the last five years . 

ii 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Lastly and most importantly I would like to express my deepest thanks to 

Soolim Carney for everything that she has done for me over the year as these 

are to numerous to mention, but especially for believing in me and sticking by 

me through it all. 

I dedicate this thesis to the memory of Dr George E. Hollis, whom I was 

fortunate enough to meet on his first and last visit to Australia, in respect of his 

lifetime dedication to the conservation of the worlds wetlands, one of our most 

valuable ecological resources . 

III 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Abstract 
The Magela floodplain in Kakadu National Park is occupied by several 

different grassland communities each of which is flooded annually in the 

tropical wet season. Data collected in this study adds to the understanding of 

vegetation dynamics on the floodplain and provides essential information for 

the management of the introduced plant species, Brachiaria mutica, in this 

ecosystem. The species composition and abundance of the extant vegetation 

in four grassland communities (Brachiaria, Oryza, Hymenachne and 

Pseudoraphis grasslands) were examined in the dry and wet seasons of 1995-

96 in order to examine spatial and temporal changes. The area covered by 

each grassland community in the southern section of the Magela floodplain was 

mapped. The change in distribution of Brachiaria mutica was estimated by 

detailed mapping of the most heavily infested area in 1996 and by interpreting 

aerial photographs of the same area taken in 1991. In addition, the spatial 

variation of seeds in sediments was studied through a sediment germination 

trial. Data generated from this experiment was compared to a previous 

sediment germination trial conducted in 1984. The experimental design 

allowed both within and between study site variations to be detected in 

germination from the seed banks. The potential seed production of the grass 

species that dominate the floodplain were estimated (Brachiaria mutica, Oryza 

meridiona/is, Hymenachne acutig/uma and Pseudoraphis spinescens). Seed 

germinability and viability of these species was also assessed by a direct 

germination trial and tetrazolium chloride tests. The density of Brachiaria 

mutica and Oryza meridiona/is seeds in the sediments was estimated by direct 

seed counts from soil cores. 

Distinct changes in species composition and abundance of the grasslands 

were found between wet and dry seasons. Species richness and diversity in 

the extant vegetation was highest in the Hymenachne grassland. The 

Pseudo rap his and Oryza grasslands had low species richness and diversity in 

the dry season and this increased significantly in the wet season. Brachiaria 

grassland had the lowest species richness and diversity of all grasslands. 

Pseudoraphis grassland covered the greatest area of the floodplain followed by 
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Oryza, Brachiaria and Hymenachne grassland.s. The Brachiaria grassland was 

found to increase in area by 290ha in the most heavily infested area over 5 

years and a corresponding decrease in the Oryza grassland was found. 

Sediment samples were found to have heterogeneously distributed seeds. 

Many aquatic taxa emerged from the sediments and low numbers of grass 

seeds germinated. Distinct differences in the seed banks of each community 

were found. Brachiaria and Hymenachne grasslands contained more species 

rich seed banks than the Pseudoraphis and Oryza grasslands. This was 

attributed to the growth form of the species that dominate the former 

communities. Species composition of the Brachiaria grassland seed bank was 

more similar to that of the Oryza grassland than other grasslands, indicating 

that the latter community is being invaded. Comparisons of seed banks 

between 1984 and 1996 gave varying results, indicating that the seed banks of 

these grasslands are dynamic. Differences in the proportions of individual 

species found to emerge in each year were attributed to differences in 

methodology between the studies and variation in rainfall in the years leading 

up to sample collection for each study, as this factor effects seed production. 

Brachiaria mutica was found to have the greatest potential seed production 

followed by Hymenachne acutig/uma, Pseudoraphis spinescens and Oryza 

meridiona/is. These differences may be due to the growth forms and habit of 

these species. Seeds of Hymenachne acutig/uma had the highest germinability 

compared to other species. No Pseudoraphis spinescens seeds germinated 

and this species had the lowest seed viability (tetrazolium test) of all species. 

Oryza meridionalis and Brachiaria mutica were both found to have low 

germinability but high viability indicating that these species have some seed 

dormancy mechanism. Seed counts from soil cores indicated that Brachiaria 

mutica contains a considerable seed bank in the sediments below the 

community in which it occurs. Hence, the eradication of Brachiaria mutica from 

the Magela floodplain may be impossible, therefore, it is suggested that 

management efforts should be directed toward restricting Brachiaria mutica to 

areas already invaded. 
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Chapter 3 The Grasslands: Vegetation Survey and Mapping 

Introduction 

Vegetation survey data can be used to generate vegetation maps which 

assist in identifying environmental factors that may be controlling vegetation, 

such as topography or soil type. Vegetation maps can also be used to 

document temporal changes in vegetation, which is particularly relevant when 

monitoring the spread of introduced species in an area. The vegetation of the 

Magela floodplain has been mapped at a number of scales (Williams 1979; 

Morley 1981; Sanderson et a/. 1983; Finlayson et a/. 1989). 

Williams (1979) attempted to establish a relationship between vegetation and 

water flow patterns on the floodplain using six vegetation types as indicators of 

water depth. However, the study was not conducted during peak biomass 

production on the floodplain (April-May), hence the study did not account for 

seasonal changes in vegetation (Finlayson et a/. 1989). Morely (1981) 

conducted a detailed vegetation survey on the southern section of the 

floodplain during peak biomass production, but the 36 communities recognised 

were not found in subsequent years and as a consequence Sanderson et al. 

(1983) adopted a simpler and broad classification (Finlayson et al. 1989). 

Finlayson et al. (1989) has published the most recent vegetation map of the 

floodplain to date, using modified classifications from previous studies. Aerial 

photos taken over a number of years and in different seasons were used in 

conjunction with field surveys to produce a more detailed map than Sanderson 

et al. (1983), but which was broad enough to be repeatable in subsequent 

years. 

The aims of this chapter were to identify the areas covered by each of the 

surveyed plant communities in the southern section of the floodplain, to 

distinguish differences in species richness and diversity of these communities 

and to estimate the change in distribution of Brachiaria mutica in the most 

heavily infested area between 1991 and 1996. 

14 
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Chapter 3 The Grasslands: Vegetation Survey and Mapping 

The questions addressed in this chapter are: 

01: What taxa are present in each of the vegetation types in each season? 

O2: Does species composition differ among extant vegetation of the four 
grassland communities? 

0 3: What area of the southern section of the floodplain do each of the four 
grassland communities occupy? 

04: What change in the distribution of Brachiaria mutica has occurred in the 
most heavily infested area of the floodplain between 1991 and 1996? 

The hypotheses generated to examine these questions are: 

H1: There is no difference in species richness of extant vegetation among 
grassland communities. 

H2: There is no difference in species richness of extant vegetation between wet 
and dry seasons. 

H3: There is no difference in species richness of extant vegetation among 
grassland communities and between wet and dry seasons. 

H4: There is no difference in species diversity of extant vegetation among 
grassland communities. 

H5: There is no difference in species diversity of extant vegetation between wet 
and dry seasons. 

He: There is no difference in species diversity of extant vegetation among 
grassland communities and between wet and dry seasons. 

Materials and Methods 

Vegetation Survey and Mapping 

This study used similar techniques to that of Finlayson et a/. (1989) to 

produce a current map containing the invading species Brachiaria mutica (Para 

Grass). The four grassland communities (see Chapter 2) were surveyed using 

a nested quadrat technique. This technique has the advantage of allowing 

quantitative data to be collected as quickly as qualitative data (Morrison et al. 

1995). Surveys were conducted in both the dry (November) and wet (April­

May) seasons of 1995-96. A total of 30 nested quadrats were recorded in each 

community, 15 during the dry season and the remaining 15 during the flooding 

15 
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Chapter 3 The Grasslands: Vegetation Survey and Mapping 

period. Each nested quadrat consisted of five concentric quadrats, O.25m2, 

O.5m2, 1 m2, 2m2, and 4m2 respectively (Figure 3.1). 

4m2 

Figure 3.1 Arrangement of sub-quadrats in each nested quadrat used to survey Brachiaria 
grassland, Hymenachne grassland, Oryza grassland and Pseudoraphis grassland communities 
on the Magela floodplain (1995-96). 

The dry season quadrats were marked out using four lengths of rope joined 

by a central peg and layed out in the shape of a cross (Plate 3.1). These 

quadrats were located at the apices of twelve W shaped transects used for soil 

core collection (see Chapter 4). 

Quadrats recorded in the wet season were randomly positioned within the 

four study sites because dry sites were difficult to locate and survey. An 

airboat was used as a platform and the four smallest quadrats in the nest were 

marked out using a portable sampling device (Plate 3.2). The portable 

sampling device was constructed of four pieces of pvc tubing each joined at 

one end, with quadrats being marked by four lengths of orange rope each 

attached to the tubes at appropriate distances from the central junction. The 

4m2 sub-quadrat was visually estimated. Species presence in each quadrat 

was recorded and quadrat locations were noted using a global positioning 

system (Garmin 45 GPS). 

16 
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Chapter 3 The Grasslands: Vegetation Survey and Mapping 

Plate 3.1 Nested quadrats for sampling vegetation in the dry season were marked out with four 
pieces of rope (this quadrat was located in the Pseudoraphis grassland). 

Plate 3.2 Sampling device used to survey vegetation in the wet season (this quadrat was 
located in the PS9udoraphis grassland). 

17 
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Chapter 3 The Grasslands: Vegetation Survey and Mapping 

Data for mapping was obtained from visual assessment of the dominant 

species (1048 GPS locations) recorded between April and May 1996 across 

vegetation types on the Magela floodplain. These data were plotted at 1 :25000 

(using Garmin PCX5 interface software and ARC/INFO GIS) and used for aerial 

photographic interpretation. 

Colour aerial photos 1 :25000 (60% forward overlap, 20% side overlap for 

stereo viewing) of the Magela floodplain were taken in June 1996 to allow a 

vegetation map to be generated and comparisons with 1991 photos to be 

made. Eight markers were placed in different positions on the floodplain prior 

to undertaking aerial photography. Vegetation surrounding each marker was 

described and marker locations were recorded by GPS and plotted at 1 :25000. 

These positions enabled referencing of aerial photographs and the descriptions 

were used in interpretation. Interpretation of photos from 1991 allowed the 

change in distribution of Brachiaria mutica on the floodplain between 1991 and 

1996 to be established. 

The plant communities used as mapping units follow Finlayson et al. (1989) 

with the addition of the Brachiaria grassland community defined by the 

vegetation survey in this study (Table 3.1). More detailed descrip'tions are 

outlined in Chapter 2 and Appendix A. 

Vegetation types and markers were mapped by tracing onto drafting film 

using a stereo viewer. The Brachiaria mutica infested area was mapped in 

greater detail by adding eyepieces with 8x objective lenses to the stereo 

viewer. The same area was also mapped from 1991 aerial photos using this 

method. Maps were digitised into Generic Cadd 6.1 using a digitising tablet 

(Summasketch II). 

Images were converted into an appropriate format (OXF) for import into 

ARC/INFO 6.0, a Geographic Information System (GIS). Once in the GIS, 

images were transformed into real world coordinates (latitude & longitude) 

using the reference markers and 10 other readily identifiable GPS locations. 

Each image was processed using Arced it and the areas of each plant 

community were calculated in hectares. Finally, maps were generated using 

Arcplot. 
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Chapter 3 The Grasslands: Vegetation Survey and Mapping 

Table 3.1 Dominant species in the plant communities used as mapping units when generating 
vegetation maps of the Magela floodplain from aerial photographs (plant communities except 
Brachiaria grassland follow Finlayson et al. (1989». 

Plant Community Dominant Plant Species 
Melaleuca Open Woodland Overstorey: Melaleuca leucadendra 

Understorey usually dominated by same 
species in adjacent areas. 

Melaleuca Open ForestIWoodland Overstorey: Melaleuca viridfflora, Melaleuca 
cajaputi and/or Melaleuca leucadendra 

Understorey usually dominated by same 
species in adjacent areas. 

Brachiaria Grassland Brachiaria mutica (has invaded either Oryza 
Grassland or Hymenachne Grassland) 

Oryza Grassland Oryza meridionalis in the wet & Pseudoraphis 
spinescens in the dry 

Hymenachne Grassland Hymenachne acutigluma with Ludwigia 
adscendens, Nymphaea spp., Oryza 

meridionalis & Pseudoraphis spinescens 
also common 

Pseudoraphis Grassland Pseudoraphis spinescens in wet and dry with 
Nymphaea spp., Najas spp., Utricularia spp. 

common in the wet 
Nelumbo Swamp Nelumbo nucifera in wet and dry with 

Nymphoides spp. in wet 
Hymenachne/Eleocharis Swamp Hymenachne acutigluma or Eleocharis spp. 

with Nymphoides spp. in wet 
Mixed Grassland/Sedgeland Depending on topography (ie. middle or edge 

of floodplain) Oryza meridionalis, 
Pseudoraphis spinescens & Hymenachne 
acutigluma with Eleocharis spp. & Cyperus 

spp. 
Terrestrial Vegetation Eucalypt overstorey with terrestrial shrubs 

and herbs in the understorey 
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Chapter 3 The Grasslands: Vegetation Survey and Mapping 

Data analysis 

Frequency scores for each species at a sampling location were calculated 

from species presence scores of nested quadrats. These data were analysed 

using PATN (Bel bin 1993b). An association matrix was generated using the 

Bray Curtis coefficient (Appendix B). 

Cluster analysis was conducted using flexible unweighted pair grouping using 

arithmetic averaging (UPGMA) W = -0.1) (Belbin 1993a). Semi-strong hybrid 

multidimensional scaling (SSH), was used to ordinate data in three dimensions, 

with a maximum of 50 iterations and 100 random starts (Belbin 1993a). 

Principle component correlations (PCC) were then conducted to identify vectors 

for each species in the ordination (Belbin 1993a). 

Individual species could not be compared using parametric techniques as 

statistical assumptions were violated. Consequently, species richness and 

diversity were used as a measure of species composition. Species richness 

(total number of species) and the Shannon Diversity Index were calculated for 

each nested quadrat and ANOVA was used to compare both of these variables 

among sampling sites and seasons. The Least Significant Differences (LSD) 

test was used to determine significant differences (P<0.05). The Shannon 

Diversity Index was calculated according to the following formula: 

s 

Shannon Diversity H = - L Pi (InPi) 

Where p:: Proportion (relative abundance determined from frequency score) of the given species i. 
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Chapter 3 The Grasslands: Vegetation Survey and Mapping 

Results 

Taxa Within the Extant Vegetation 

Q1: What taxa are present in each of the vegetation types in each season? 

A total of twenty five taxa were recorded through the vegetation survey 

(Appendix G; Table 3.2). Twelve taxa were found in the Brachiaria grassland, 

sixteen in the Oryza grassland, twenty in the Hymenachne grassland and 

eleven in the Pseudoraphis grassland. Higher numbers of taxa were recorded 

in the Brachiaria, Oryza and Pseudoraphis grasslands during the wet than 

during the dry season. The total number of taxa found in the Hymenachne 

grassland in both seasons did not differ greatly, however, the species 

composition differed between wet and dry seasons in this community. 

Five species were unique to the Hymenachne grassland during the dry 

season namely, Coldenia procumbens , Cyperus platystylis , Dentella dioeca, 

Eclipta prostrata and Heliotropium indicum. Three species were found to occur 

only in quadrats recorded from the Oryza grassland, Hygrochloa aquatica 

during the wet season, Merremia gem ella and Phyla nodiflora during. the dry 

season. 
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Chapter 3 The Grasslands: Vegetation Survey and Mapping 

Table 3.2 Cumulative frequency scores for each species from vegetation surveys of four 
grassland communities on the Magela floodplain in wet and dry seasons (Nov 95 & April~May 
96). Fifteen nested quadrats were taken in each community (values range from 0~15) (Bm = 
Brachiaria grassland, Om = Oryza grassland, Ha = Hymenachne grassland, Ps = Pseudoraphis 
grassland, 0 = dry season, W = wet season) 

Taxa BmD BmW OmD OmW Ha 0 HaW Ps 0 PsW 
Azolla pinnata 0.6 1 1.2 
Brachiaria mutica 15 15 0.2 
Coldenia procumbens 2.6 
Cyperus platystylis 2.8 
Dentella dioeca 3 
EClipta prost rata 6 
Eleocharis spp. 1 4.4 1.6 0.8 
Euphorbia vachellii 6.8 0.8 
Fimbristylis spp. 0.6 2 
Glinus oppositifolius 2.6 0.4 
Heliotropium indicum 2.4 
Hygrochloa aquatica 0.4 
Hymenachne acutigluma 0.2 1 12.6 15 0.4 
Ipomoea aquatica 2.6 0.6 
Ludwigia adscendens 1.2 2.4 9.4 7 4.4 
Merremia gemella 3.4 
Najas spp. 1.4 0.4 
Nymphaea spp. 0.6 3.6 1.8 7.6 
Nymphoides spp. 1 3.4 1 1 
Oryza meridionalis 0.2 14.2 1 
Persicaria spp. 0.4 1.6 5 1.6 0.2 
Phyla nodiflora 0.4 
Pseudoraphis spinescens 1 0.8 15 7.6 10.8 3.2 15 15 
Salvinia molesta 0.6 3 
Utricularia spp. 3.2 5 1.8 . 12.8 
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Chapter 3 The Grasslands: Vegetation Survey and Mapping 

Patterns in the Extant Vegetation 

Q2: Does species composition differ among extant vegetation of the four 
grassland communities? 

Four main groups according to plant community and season were defined by 

cluster analysis (Figure 3.2). 

Quadrats sampled in the Brachiaria grassland were separated first as these 

samples had similar species composition and abundance in both wet and dry 

seasons. Hymenachne grassland quadrats also had similar species 

composition and abundance in wet and dry seasons and as such were 

separated from the remaining quadrats. Following this Oryza grassland 

quadrats recorded in the wet season were separated from Pseudoraphis 

grassland quadrats in both wet and dry seasons and Oryza grassland quadrats 

recorded in the dry. The remaining group was separated into three partitions: 

two anomalous samples; Pseudoraphis grassland quadrats recorded in the wet 

season; and PseudoraphislOryza grassland quadrats recorded in the dry 

season. 
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P.seudoraphis Grassland 
Quadrats (~et) 

as 0.8 

Linkage Distance 

1.0 

Figure 3.2 Dendrogram of cluster analysis on nested quadrat data collected from four 
grassland communities on the Magela floodplain in the dry and wet season of 1995·96; G1 = 
Brachiaria grassland quadrats (wet and dry seasons), G2 = Oryza grassland (dry season) and 
Pseudoraphis grassland quadrats (wet & dry seasons), G3 = Oryza grassland quadrats (wet 
season), G4 = Hymenachne grassland quadrats (wet & dry seasons) (The 3 additional partitions 
of quadrats are indicated on the figure; small text: Brachiaria grassland (Bm), Hymenachne 
grassland (Ha), Oryza grassland (Om) and Pseudoraphis grassland (Ps) in the dry (T) and wet 
(Q) Bray Curtis coefficient, UPGMA, ~= ·0.1) . 
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Similar patterns among grassland communities were observed from ordination 

of frequency data (Figure 3.3). Three dimensional ordination gave an 

acceptable stress value of 0.113 (Belbin 1993a) and the two dimensional plot 

of ordinal axes 1 and 3 gave the clearest view of this analysis. To highlight 

patterns, groups defined by the cluster analysis have been superimposed on 

the plot (thickness and number of breaks in the lines indicates the hierarchy of 

groupings). High correlations (r > 0.7) were found for Brachiaria mutica, Oryza 

meridiana/is, Hymenachne acutig/uma, Pseudoraphis spinescens and Ludwigia 

adscendens using principle co-ordinate correlation analysis (Figure 3.4). 

Presence and frequency of Brachiaria mutica was the main factor influencing 

the position of samples taken from the Brachiaria grassland site and analyses 

were unable to detect change in species composition and abundance of this 

community between seasons. Oryza grassland samples differed markedly 

between seasons and the analyses indicate that this difference is due to the 

occurrence of the species Pseudoraphis spinescens during the dry season. 

Differences in species composition and abundance of the Pseudoraphis 

grassland were found between seasons and these samples were similar to the 

Oryza grassland during the same season. Changes in species composition 

and abundance within the Hymenachne grassland, between wet and dry 

seasons, were not as evident as those found in the Pseudoraphis and Oryza 

grasslands. 
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Figure 3.3 Ordination plot of nested quadrat data collected from four different grassland 
communities on the Magela floodplain in both wet and dry seasons (1995-96); superimposed 
lines show groupings according to cluster analysis. thickness and number of breaks in line 
indicate hierarchy of grouping (Bray Curtis coefficient: multidimensional scaling: 3 dimensions: 
stress = 0,113). 
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Figure 3,4 Vectors of principle component co-ordinate analysis on ordination results of nested 
quadrat data collected from four different grassland communities on the Magela floodplain in 
both wet and dry seasons (1995-96). Only species with r values greater than 0.7 are shown 
(Brachiaria mutica r = 0,963. Pseudoraphis spinescens r = 0.941. Hymenachne acutigJuma r = 
0,928. Oryza meridionalis r = 0.719 and Ludwigia adscendens r = 0.716) (Bray Curtis 
coefficient). 
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Species Richness in the Extant Vegetation 

Q2: Does species composition differ among extant vegetation of the four 
grassland communities? 

H,: There is no difference in species richness of extant vegetation among 
grassland communities. 

H2: There is no difference in species richness of extant vegetation between wet 
and dry seasons. 

H3: There is no difference in species richness of extant vegetation among 
grassland communities and between wet and dry seasons. 

Species richness was found to differ significantly among the four grassland 

communities, between seasons and for community and season interactions 

(Table 3.3: refer Appendix C for LSD tables). When data between seasons 

were pooled, the Hymenachne grassland quadrats had significantly higher 

species richness than all other communities (Table C.1; Figure 3.5). Oryza 

grassland quadrats had the second highest species richness and this was 

significantly different from all other communities. Species richness in 

Brachiaria and Pseudoraphis grasslands were low and did not differ 

significantly. When data for each community were pooled, species richness 

was significantly higher in the wet season than the dry season (Figure 3.6). 

Table 3.3 Summary of ANOVA on species richness of nested quadrat data collected from four 
grassland communities on the Magela floodplain during wet and dry seasons of 1995-96 
(Brachiaria, Oryza, Hymenachne and Pseudoraphis grasslands) (* = p < 0.05, - = P < 0.001). 

df Effect I MS Effect I df Error I MS Error I F J p-Ievel 
Community 3 70.335 112 2.282 30.823 < 0.001 ......... 

Season 1 10.233 112 2.282 4.485 0.036* 
Community x Season 3 42.003 112 2.282 18.407 < 0.001-
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Figure 3.5 Species richness in Brachiaria grassland (8m), Oryza grassland (Om), Hymenachne 
grassland (Ha) and Pseudoraphis grassland (Ps) on the Magela floodplain in 1995p96 (Groups 
marked by the same letter did not differ significantly from one another (LSD test p < 0.05». 
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Figure 3.6 Combined species richness of four grassland communities on the Magela floodplain 
in dry and wet seasons 1995p96. (Brachiaria, Oryza, Hymenachne and Pseudoraphis 
grasslands) (Significant differences identified using LSD test (p<0.05) are indicted by different 
letters). 

Species richness in the Brachiaria grassland did not change significantly 

between seasons, whereas Oryza and Pseudoraphis grasslands had 

significantly higher species richness in the wet season, compared to the dry 

season, and species richness in the Hymenachne grassland dropped 

significantly during the wet season (Table C.2; Figure 3.7). 
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During the dry season the Pseudoraphis grassland contained the lowest 

overall species richness of all vegetation types, in all seasons. This grassland 

community had significantly lower species richness than all other communities, 

except Brachiaria grassland in the dry season. Brachiaria grassland in the dry 

contained the second lowest number of species, with Oryza and Pseudoraphis 

grasslands in the wet season, and the Hymenachne grassland, in both wet and 

dry seasons containing significantly more species. During the wet season 

species richness in the Brachiaria dominant community increased, but was still 

significantly lower than species richness in the Hymenachne grassland in either 

season and the Oryza grassland during the wet season. During the dry season 

the Oryza grassland contained significantly lower numbers of species than the 

Hymenachne grassland in both wet and dry seasons. Hymenachne grassland 

in the dry season contained significantly more species than all other 

communities in any season. 
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Figure 3.7 Species richness in Brachiaria grassland (8m), Oryza grassland (Om), Hymenachne 
grassland (Ha) and Pseudoraphis grassland (Ps) on the Magela floodplain in both dry and wet 
seasons, 1995-96 (Groups marked by the same letter did not differ significantly from one 
another (LSD test p < 0.05». 
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Species Diversity in the Extant Vegetation 

H4: 

H5: 

He: 

There is no difference in species diversity of extant vegetation among 
grassland communities. 

There is no difference in species diversity of extant vegetation between wet 
and dry seasons. 

There is no difference in species diversity of extant vegetation among 
grassland communities and between wet and dry seasons. 

The Shannon Diversity Index of nested quadrats was found to differ 

significantly among communities, between seasons and for community and 

season interactions (Table 3.4: Refer Appendix C for LSD tables). All 

communities differed significantly from each other in species diversity (Table 

C.3; Figure 3.8). The Hymenachne grassland had the highest diversity 

followed by the Oryza grassland, Pseudoraphis grassland and Brachiaria 

grassland. Species diversity was significantly higher in the wet season than 

the dry season (Figure 3.9). 

Table 3.4 Summary of ANOVA on species diversity (Shannon Index) of nested quadrat data 
collected from four grassland communities on the Magela floodplain during wet and dry 
seasons of 1995-96 (Brachiaria, Oryza, Hymenachne and Pseudoraphis grasslands) (*** = p < 
0.001). 

df Effect 1 MS Effect·1 df Error I MS Error T F I p-Ievel 
Community 3 6.499 112 0.143 45.294 < 0.001-

Season 1 3.969 112 0.143 27.664 < 0.001*** 
Community x Season 3 3.498 112 0.143 24.379 < 0.001*** 
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Figure 3.8 Species diversity (Shannon Index) in Brachiaria grassland (8m). Oryza grassland 
(Om). Hymenachne grassland (Ha) and Pseudoraphis grassland (Ps) on the Magela floodplain 
(1995-96) (Significant differences identified using LSD test (p<O.05) are indicted by different 
letters). 
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Figure 3.9 Combined species diversity (Shannon index) of four grassland communities on the 
Magela floodplain in dry and wet seasons 1995-96. (Brachiarla. Oryza. Hymenachne and 
Pseudoraphis grasslands) (Significant differences identified using LSD test (p<O.05) are 
indicted by different letters). 

Species diversity was significantly higher in the wet season than the dry 

season in the Brachiaria, Oryza and Pseudoraphis grasslands, whereas a 

significant decrease in diversity was found for the Hymenachne grassland in 

the same season (Table C.4; Figure 3.10). During the dry season Brachiaria 

and Pseudoraphis grasslands had significantly lower species diversity than all 
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other communities in either the wet or dry. Although diversity in the Brachiaria 

grassland increased in the wet season, it remained significantly lower than all 

other samples, except those collected from the Oryza and Pseudoraphis 

grasslands, during the dry season. In the dry season the Oryza grassland had 

significantly lower species diversity than the Hymenachne grassland in both 

seasons and the Pseudoraphis grassland in the wet season. Despite 

increased diversity in the Oryza grassland during the wet season, species 

diversity remained significantly lower than that of the Hymenachne grassland 

during the dry season. Hymenachne grassland, during the dry season, 

contained significantly higher species diversity than all other samples. 
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Figure 3.10 Species diversity (Shannon index) in Brachiaria grassland (Bm), Oryza grassland 
(Om), Hymenachne grassland (Ha) and Pseudoraphis grassland (Ps) on the Magela floodplain 
in both dry and wet seasons, 1995-96 (Groups marked by the same letter did not differ 
significantly from one another (LSD test p < 0.05» . 
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Mapping of the Extant Vegetation 

0 3: What area of the southern section of the floodplain do each of the four 
plant communities occupy? 

04: What change in distribution of Brachiaria mutica has occurred in the most 
heavily infested area of the floodplain between 1991 and 1996? 

Descriptions of the mapping units used are supplied in Chapter two and 

Appendix A. Area calculations for all maps are presented in Table 3.5. The 

total area mapped was 9120 ha (map 3.1). Maps 3.2 and 3.3 are more detailed 

and only cover the area of major Brachiaria mutica infestation in 1996 (1672 

hal. The Brachiaria grassland was found to cover 920 ha (10%) of the total 

area mapped. This was less than the 1020 ha (11%) and 1926 ha (21%) 

covered by the Oryza and Pseudoraphis grasslands respectively, but more than 

the area calculated for the Hymenachne grassland (620 ha, 7%). 

Within the area covered by maps 3.2 and 3.3 the Brachiaria grassland 

expanded from 132 ha in 1991 to 422 ha in 1996. A corresponding decrease in 

the area covered by the Oryza grassland was also found (590 ha ~ 278 ha). 

The HymenachnelEleocharis swamp increased in area from 242 ha to 295 ha 

and the Pseudoraphis grassland which covered 13 ha in 1991 was not 

identified in 1996. 

Table 3.5 Calculated areas of each mapping unit defined in three vegetation maps produced 
from aerial photos of the Magela floodplain: Map 3.1 (1996 photos) covered the southern 
section of the floodplain while Map 3.2 (1991 photos) and Map 3.3 (1996 photos) cover only the 
area of major Brachiaria mutica infestation in 1996. 

Plant Community (Map 1) Map 2 (1991) Map 3 (1996) 
Area ha Area ha Area ha 

Open water 117 26 30 
Me/a/euca Open Woodland 1511 34 32 
Me/a/euca Open Forest/Woodland 819 0 0 
Brachiaria grassland 920 132 422 
Oryza grassland 1020 590 278 
Hymenachne grassland 620 9 12 
Pseudoraphis grassland 1926 13 0 
Ne/umbo swamp 1466 0 0 
Hymenachnel E/eocharis swamp 572 242 295 
Mixed Grassland/Se<!aeland 89 0 0 
Terrestrial VeAetation 60 204 206 
Undefined 422 397 
Total area 9120 1672 1672 
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• Open Water N 

• Mefaleuca Open Woodland 

• Me/a/auea Open ForestIWoodiand 

• Brachiaria grassland 

• Oryza grassland 

D Hymenachne grassland 

o Pseudoraphis grassland 

• Nelumbo Swamp 

D Hymenachne/Eleocharis Swamp 

D Mixed GrasslandiSedgeiand 

D Terrestrial Vegetation 

Map 3.1 Vegetation map of the southern section of the Magela floodplain in Kakadu National 
Pari<.; generated from aenal phOtographs taken in June 1996 and vegetation survey data; 
Mapping units except Brachiaria grassland follow Finlayson at al. (1989). 
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1991 

1996 
IV .. Open Water 

• M8faieuca Open Woodland .. Bmchiaria grassland .. 0ty78 grassland E 
0 Pseudoiaphis grassland 

Cl Hymenachne grassland 

iSl Hymenachne/El9ochan's grassland 

0 Terresbial Vegetation 

0 Undefined 

Map 3.2 (top) and Map 3.3 (below) Change in distribution of Brachiaria grassland between 
1991 and 1996 in the most hea .... ily infested area on the Magela floodplain. 
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Discussion 

Patterns in the Extant Vegetation 

The Brachiaria and Hymenachne grassland communities were clearly 

separate from one another and the Oryza and Pseudoraphis grasslands 

(Figures 3.2 & 3.3). However, distinctions between seasons in Brachiaria and 

Hymenachne grasslands were not demonstrated using multivariate techniques. 

The Oryza grassland was found to differ distinctly between seasons and a 

change in species composition and abundance of the Pseudoraphis grassland 

was also found although this separation was not as clear in the cluster 

analysis. The inability of multivariate analyses to distinguish clear differences 

in species composition and abundance between seasons in the Hymenachne 

and Brachiaria grasslands were a result of Brachiaria mutica, Hymenachne 

acutigluma and Ludwigia adscendens occurring in high numbers. Brachiaria 

mutica was the most abundant species in the Brachiaria grassland and few 

other species were found with it in high numbers in either wet or dry seasons 

(Table 3.2). Similarly Hymenachne acutigluma and Ludwigia adscendens were 

abundant in both seasons within the Hymenachne grassland sample sites. 

However, this community appears to undergo distinct changes in species 

composition between wet and dry seasons. It contains many herbs in the dry 

season that are not found in the wet season (Table 3.2). It is possible that the 

high abundance of Hymenachne acutigluma and Ludwigia adscendens in both 

seasons impeded multivariate techniques from distinguishing compositional 

changes in this community between seasons. In contrast, Pseudoraphis and 

Oryza grasslands contained few taxa during the dry and both composition and 

abundance of taxa increased dramatically in the wet season. The 

Pseudoraphis grassland was characterised by Pseudoraphis spinescens and 

during the wet season Nymphaea spp. were abundant in this community. 

Pseudoraphis spinescens also dominated the Oryza grassland during the dry 

season and featured prominently in this community during the wet season . 

Oryza meridionalis, being annual, dominated the Oryza grassland community 

during the wet season . 
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Species Richness & Diversity in the Extant Vegetation 

80th species richness and species diversity followed similar trends in the four 

grasslands. Species richness and diversity was higher in the wet than the dry 

(Figures 3.3 & 3.6). The Brachiaria grassland had the lowest species richness 

and diversity of the communities when seasonal data were pooled (Figures 3.2 

& 3.5). When community and season interactions were tested, however, the 

Pseudoraphis grassland had lower species richness and diversity than the 

Brachiaria grassland in the dry, although this difference was not significant 

(Figures 3.4 & 3.7). This could be due to a combination of the turf like habit of 

Pseudoraphis spinescens in the dry season inhibiting germination of other 

species and the extreme change in conditions that this site undergoes over one 

season. The Pseudoraphis grassland is located in the main flow channel of the 

floodplain (Map 3.1) where water level fluctuations are more rapid compared to 

other communities. These conditions may inhibit many species from 

establishing in this area. Examination of seasonal vegetation changes within 

communities provides relevant information on long term vegetation changes 

that may be occurring as this factor plays an important role in the vegetation 

dynamics of the Magela floodplain. 

Species richness did not change in the Brachiaria grassland between 

seasons whereas all other communities showed significant changes, and 

although diversity increased in the Brachiaria grassland in the wet season, this 

was still much lower than diversity in other communities. Oryza and 

Pseudoraphis grasslands experienced increased diversity and richness, 

whereas, the Hymenachne grassland decreased in species richness and 

diversity between dry and wet seasons. These fluctuations can probably be 

attributed to the duration of inundation of these areas and the growth habits of 

Oryza meridionalis and Pseudoraphis spinescens. Oryza meridionaJis and 

Pseudoraphis spinescens do not grow in dense clumps during the wet season 

and as a result many other species can co-occur with them in the wet. The 

Oryza grassland is situated on the edge of the floodplain and consequently 

draws down early in the dry season. This could be one reason contributing to 

low species richness and diversity in this community during the dry season . 
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Grime (1973) postulated that species richness would be low under extreme 

environmental conditions as fewer species can tolerate harsh environments. 

The results of this study support this idea as both Oryza and Pseudoraphis 

grasslands are situated in sites that have more extreme water fluctuations than 

the Hymenachne grassland. Due to its location, the Hymenachne grassland is 

flooded by backflow (Map 3.1), therefore draw down takes longer in this 

community and this is probably why more taxa can be found in this area of the 

floodplain. 

The small change in species richness and diversity within the Brachiaria 

grassland illustrates the potential of Brachiaria mutica to change the 

environment in which it grows. Its form and habit does not readily allow 

coexistence with other species and this is one reason pastoralists have chosen 

to use it in ponded pastures (Anning and Hyde 1987). 

Brachiaria mutica appears to be able to tolerate the early draw down that 

occurs towards the edge of the floodplain and as it is perennial could therefore 

be excluding Oryza meridiona/is by inhibiting germination of this species early 

in the wet season. It would appear that Brachiaria mutica could potentially 

invade the Hymenachne grassland, but this process may take longer as 

Hymenachne acutigluma is also perennial. Brachiaria mutica will not grow in 

water much deeper than 60cm (Clarkson 1995) and as a result is unlikely to 

invade the Pseudoraphis grassland as this community occurs on the deepest 

areas of the floodplain (inundated >1 m). This factor may also limit the degree 

of invasion into the Hymenachne grassland as this community can also be 

found in areas inundated up to and above 1 m (Finlayson 1991). 

Gopal (1986) suggested that changes in temporary and shallow freshwater 

habitats are primarily a result of water level changes. Finlayson et a/. (1989) 

highlighted the importance of timing and duration of flooding in such changes. 

This study did not have the scope to investigate this further, however, 

Finlayson et a/. (1990) did pOint out that plant communities could be delineated 

according to mean inundation times . 

The five species found to correlate strongly with the patterns found in the 

ordination made vegetation mapping from aerial photographic interpretation 

possible as these species could be identified growing in large clumps on aerial 
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photos. Pseudoraphis grassland covered the greatest area out of the four 

grassland communities followed by the Oryza grassland, Brachiaria grassland 

and Hymenachne grassland (Map 3.1). Maps 3.2 and 3.3 illustrate both the 

variability in plant communities over a five year period and the change in 

distribution of Brachiaria mutica in that time. Pseudoraphis grassland covered 

13ha in 1991 and was absent in the 1996 photos, the Hymenachne grassland 

increased in size by 3ha over the five year period and the 

HymenachnelE/eocharis swamp expanded by 53ha. The greatest contrast was 

found in the considerable increase in area covered by Brachiaria grassland 

(290 ha) and corresponding decrease in the Oryza grassland (312 ha). This 

indicates that a considerable loss in the area occupied by Oryza meridiona/is 

has already occurred. The change in HymenachnelE/eocharis swamp 

illustrates the dramatic changes in distribution of vegetation that this system 

can undergo. Hence more detailed data are needed on distribution changes of 

Brachiaria mutica on the Magela floodplain as this community my also undergo 

fluctuations in distribution. Nevertheless, the considerable difference in area 

covered by the Brachiaria grassland between years indicates that the change is 

too great to be attributed to seasonal fluctuation alone. However, the timing of 

dry season fires may have influenced the results of aerial photographic 

interpretation and this factor should be considered when producing future 

maps. Additionally, changes in distribution of vegetation may be affected by 

rainfall in previous years and such a factor can only be assessed by mapping 

vegetation in conjunction with monitoring long term rainfall patterns. 
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Introduction 

Seed banks are difficult to study and this may account for the limited research 

existing in this area. The difficulty in studying seed banks arises as seeds are 

rarely evenly distributed in soils and different species have varying seed size 

and different germination requirements. Thus, many factors must be 

considered in the design of seed bank experiments, including sample 

collection, sampling intensity, sample distribution, timing of sampling, 

estimation of seed numbers and the suitability of data for analysis with various 

statistical techniques (Benoit et al. 1989; Warr et al. 1993; Britton and Brock 

1994). 

Most wetland seed bank studies have been aimed at gaining an 

understanding of the role seed banks play in structuring wetland plant 

communities. Various approaches have been used including comparison of 

seed banks from different vegetation types (Thompson and Grime 1979); 

examination of the relationship between the seed bank and extant vegetation 

(Grillas et al. 1993; Wilson et al. 1993); investigation of the role of seed banks 

in re-establishment of vegetation after a disturbance (ter Heerdt a~d Drost 

1994); and determination of germination from seed banks under various 

hydrological regimes (Smith and Kadlec 1983; Schneider and Sharitz 1986; 

Schneider 1994) and in different seasons (Thompson and Grime 1979; Britton 

and Brock 1994). 

The most common technique applied in studying seed banks involves 

collecting soil cores, placing them in a glasshouse, and counting seedlings of 

each species as they emerge. This technique assesses the ability of seeds to 

germinate but does not accurately assess numbers of seeds of different 

species contained within the soil (Thompson and Grime 1979). To maximise 

precision of seed estimates most studies of this type germinate samples under 

different water regimes (Smith and Kadlec 1983; Wilson et al. 1993; Britton and 

Brock 1994; Brock et al. 1994; Schneider 1994) and/or run experiments over 

many months (Leck and Simpson 1987; Leck and Simpson 1995). 

A seed bank experiment was conducted over a period of 10 months on 

sediment samples from the Magela floodplain in 1984 using two water regimes 
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(flooded and moist) (Finlayson et al. 1990). This study demonstrated 

significant site-treatment differences, reflecting to some extent, the previous 

vegetation history of each site and the habit of the dominant grass species. It 

also indicated that specific species composition could vary under different 

environmental conditions, however, there was insufficient information to 

suggest that major changes to broad vegetation patterns would occur 

(Finlayson et al. 1990). One of the main reasons for conducting the study was 

to provide baseline data so that changes in plant species composition and 

community structure, resulting from removal of feral buffalo and introduced 

plant species invasions, could be assessed (Finlayson et al. 1990). 

Chapter three discussed changes in extant vegetation and revealed that 

Brachiaria mutica has invaded a considerable area of the Oryza grassland. 

Hence, samples collected, from sites also used by Finlayson et al. (1990), for 

the following seed bank experiment included Brachiaria grassland in addition to 

Oryza grassland, Hymenachne grassland and Pseudoraphis grassland. The 

Brachiaria grassland and Oryza grassland samples of the present study come 

from Brachiaria mutica invaded and uninvaded areas of the Oryza grassland 

site as sampled in the 1984 study. This division was made to. assess 

differences in seed banks between invaded (previously Oryza grassland).and 

uninvaded communities. 

The questions that this experiment was designed to address are: 

Q1: What taxa germinate from the seed banks of four grassland communities 
(Brachiaria grassland, Oryza grassland, Hymenachne grassland and 
Pseudoraphis grassland) in 1996? 

Q2: Does Brachiaria mutica (Para Grass) exist in the seed bank? 

0 3: Does germination under flooded or moist conditions influence which taxa 
will germinate? 

04: What patterns can be found in species composition and abundance of 
seedlings emerging from sediment samples? 

05: Do seeds in the seed bank vary spatially within a grassland community? 

Os: Do seed banks vary among different grassland communities? 

Oi Have changes occurred in the seed bank since the 1984 study? 
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The hypotheses generated to test these questions are: 

H1: There is no difference in the total number of seedlings emerging from 
sediment samples collected from within a grassland community on the 
Magela floodplain. 

H2: There is no difference between flooded and moist water regimes in the 
total number of seedlings emerging from sediment samples collected from 
within a grassland community on the Magela floodplain. 

H3: There is no difference in interactions of transects and water regimes in the 
total number of seedlings emerging from sediment samples collected from 
within a grassland community on the Magela floodplain. 

H4: There is no difference in the number of taxa emerging from sediment 
samples collected from within a grassland community on the Magela 
floodplain. 

Hs: There is no difference between flooded and moist water regimes in the 
number of taxa emerging from sediment samples collected from within a 
grassland community on the Magela floodplain. 

He: There is no difference in interactions of transects and water regimes in the 
number of taxa emerging from sediment samples collected from within a 
grassland community on the Magela floodplain. 

H7: There is no difference in the total number of seedlings emerging from 
sediment samples collected from different grassland communities on the 
Magela floodplain. 

Hs: There is no difference between flooded and moist treatments in the total 
number of seedlings emerging from sediment samples collected from four 
different grassland communities on the Magela floodplain. 

Hs: There is no difference in interactions of transects and water regimes in the 
total number of seedlings emerging from sediment samples collected from 
four different grassland communities on the Magela floodplain. 

HlO: There is no difference in the number of taxa emerging from sediment 
samples collected from four different grassland communities on the 
Magela floodplain. 

H11 : There is no difference in the number of taxa emerging from flooded and 
moist treatments from sediment samples collected from four different 
grassland communities on the Magela floodplain. 

H12: There is no difference in interactions of transects and water regimes in the 
number of taxa emerging from sediment samples collected from four 
different grassland communities on the Magela floodplain. 
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Materials and Methods 

Sampling Design for Field Collection of Seed Bank Samples 

Sediment samples were collected to allow spatial variation to be detected 

both within and among plant communities. The methods used were modified 

from a previous study conducted at the same sites as the present study 

(Finlayson et al. 1990). Six sediment cores (53mm diameter and 10cm deep), 

including a spare core, located around the circumference of a 1 m radius circle, 

were collected from each of five replicate sites. The replicate sites were 25m 

apart and located at the ends and apices of W shaped transects (Figure 4.1). 

Three transects were randomly placed in each of four different grassland 

communities (Brachiaria, Oryza, Pseudoraphis and Hymenachne) as defined in 

Chapter two. To ensure randomisation of samples, each transect was 

positioned along a different randomly allocated compass bearing. The cores 

were collected in the dry season between 20-29 November 1995. 

25m 

Figure 4.1 Transect dimensions showing the locations of sediment core collection sites. 
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The corer consisted of a 150mm long piece of pvc pipe (inside diameter 

53mm) that was tapered at one end to minimise soil compaction. A mark 

100mm from the tapered end was made around the circumference of the pipe 

to ensure correct sampling depth. The corer was driven in to the appropriate 

depth using a lump mallet. Two opposing holes were positioned above the 

depth mark to allow corer extraction using a metal bar as a lever (Figure 4.2). 

53mm 

100mm 

\ 

1 

I 
I 

o 

Figure 4.2 Design of pvc corer used to collect sediment samples. 

As seeds were possibly present within soil surface organic matter, this 

material was included in the samples. Each sample was pushed out of the 

corer directly into a labelled calico bag. Calico bags were spread out on 

benches in the glasshouse and left for 24 hours to air dry. Samples were then 

stored at 22°C until March 16 1996 when the 30 samples collected from each 

transect were combined into ten groups of three cores (the six cores from each 

sample circle made up two groups). Each group represented a floodplain area 

of 66 cm2 x 10 cm depth. Groups were then placed into different labelled 

circular trays (25cm diameter x 4cm deep) each lined with absorbent paper. 

The trays were watered, samples were spread to a depth of 2cm and the 

samples were randomly placed on benches in a glasshouse (Plate 4.1). Half of 

the trays from each transect were flooded to a depth of 2 cm over the sample 

(to the top of the tray) and the remaining trays were kept permanently moist. 

Thus, the experiment consisted of 120 trays, 30 trays from each grassland 

community (15 flooded and 15 moist). Twelve additional trays of sterilised 
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were added as controls to assess contamination from weeds and seed 

dispersal between trays. Treatments were maintained by daily additions of tap 

water (total alkalinity 140 mg·' GaGO" conductivity 30 ~S cm·' at 25°G, Ga 20 

mg r' ,Mg 20 mg I·' , (Finlayson et a/. 1990)) using an automated watering 

system. All trays were monitored daily to ensure even watering. 

The experiment was run over a period of 3 I/J months. After six weeks 

seedlings emerging from trays were identified, counted and removed. 

Unidentified seedlings were either potted up and left to further mature or 

marked using map pins for later identification. Trays were scored a second 

time in June 1996. 

As plants were removed representative specimens of each species were 

pressed and lodged as vouchers in the Environmental Research Institute of the 

Supervising Scientist (erl$$) Herbarium. Additional vouchers were lodged at 

the New England Herbarium (NE). 

Plate 4.1 Sample trays randomly placed on benches in the glasshouse just priQ( to 
commencement of the sediment germination trial (March 1996). 
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Data analysis 

Patterns in Grassland Seed Banks 

Absolute value data for each taxa in all samples were analysed using PATN 

(Belbin 1993b). An association matrix was generated using the Bray Curtis 

coefficient and this was used to produce an ordination plot and cluster 

dendrogram. 

Semi-strong hybrid multidimensional scaling (SSH), a non-metric ordination 

algorithm, was used to ordinate data in three dimensions with a maximum of 50 

iterations and 100 random starts. 

Cluster analysis was conducted using flexible unweighted pair grouping using 

arithmetic averaging (UPGMA), (1'1 = -0.1) (Belbin and McDonald 1993). 

Variation Within and Among Grassland Seed Banks 

Taxa found to emerge from each plant community in both flooded and moist 

treatments were examined. Sample distributions of data for individual taxa 

were not normal and transformations of these data failed to homogenise 

sample distributions. Log (x + 1) transformations of the total number of 

seedlings found in transects within grassland communities and among 

grassland communities were effective in normalising sample distributions. 

Species richness (total number of species) data within and among grassland 

communities was found to contain normal sample distributions. ANOVA was 

used to compare differences for both total number of seedlings (Log (x + 1) 

transformed) and species richness between transects, treatments and for 

transect and treatment interactions, within each vegetatton type. These data 

were pooled and differences among grassland communities were also tested. 

The Least Significant Difference (LSD) test was used to identify the exact 

effects of all ANOVA analyses that were significant. 

Comparisons of Grassland Seed Banks Between Years (1984 & 1996) 

Species richness of samples were compared between years for varying plant 

communities and flooded I moist treatments. Taxa emerging from the same 

communities (or equivalent) in different years were also compared. The latter 

comparisons were based on the proportion of the total number of seedlings 
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emerging from samples collected within their respective communities in each 

year. 

Results 

Q1: What taxa germinate from the seed banks of four grassland communities 
(Brachiaria grassland, Oryza grassland, Hymenachne grassland and 
Pseudoraphis grassland) in 1996? 

Q2: Does Brachiaria mutica (Para Grass) exist in the seed bank? 

In total thirty four taxa emerged from the sediment samples (Appendix G; 

Table 4.1). Twenty nine percent of taxa were found in all grassland 

communities and twenty six percent of taxa occurred in only one vegetation 

type. Three introduced species were recorded, Brachiaria mutica, Heliotropium 

indicum and Phyla nodifJora. Brachiaria mutica emerged from the Brachiaria 

grassland and Hymenachne grassland samples, Heliotropium indicum occurred 

in Brachiaria, Hymenachne and Oryza grassland samples and Phyla nodifJora 

occurred in Oryza grassland samples. 

The Hymenachne grassland samples contained 25 taxa, the Oryza grassland 

samples, 24 taxa, Brachiaria grassland samples, 21 taxa and Pseudoraphis 

grassland samples, 13 taxa. Four species were unique to Oryza grassland 

samples namely, Cyperus aquatilis, Commelina lanceolata, Ludwigia perennis 

and Phyla nodifJora. Hymenachne grassland samples contained the highest 

number of unique taxa, Dentel/a dioeca, Euphorbia vachel/ii, Hydrilla verticillata 

, Hymenachne acutigluma, Ludwigia adscendens and Persicaria sp.. Only one 

species emerged exclusively from the Pseudoraphis grassland samples being, 

Blyxa auberiii and no taxa were unique to the Brachiaria grassland samples. 
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Table 4.1 Total number of seedlings of each taxa emerging (between March and June 96) 
from sediments of four grassland communities on the Magela floodplain germinated under 
flooded and mOist water regimes (8m = Brachiaria grassland, Om = Oryza grassland, Ha = 
Hymenachne grassland, Ps = Pseudoraphis grassland, F = flooded treatment, M = moist 
treatment, * = introduced species) 

Taxa 8m 8m Om Om Ha Ha Ps Ps 
F M F M F M F M 

Blyxa aubertii 7 
Brachiaria mutica* 12 1 
Cyperus aquatilis 2 
C. platystylis 1 129 41 1 
C. serotinus 1 1 1 96 216 1 
Ceratopteris thalictroides 7 18 92 80 2 
Chara spp. 121 45 35 7 
Coldenia procumbens 2 6 9 
Commelina lanceo/ata 2 
Dentella dioeca 29 
Eclipta prostrata 8 20 6 1 
Eleocharis spp. 15 24 10 10 1 23 60 
Eriocaulon setaceum 1 4 19 14 
Euphorbia vachellii 1 
FimbristyJis spp. 3 1 6 8 5 
Glinus oppositifolius 2 3 91 33 801 
Heliotropium indicum* 11 77 1 
Hydrilla verticillata 5 
Hymenachne acutigluma 6 36 
Isoetes coromandelina . 13 238 37 311 1 
Ludwigia adscendens 6 3 
L. perennis 1 1 
Limnophila australis 61 44 40 19 
Maidenia rubra 29 11 30 8 8 14 
Najas spp. 62 3 40 44 6 3 2 
NiteIJa spp. 414 60 138 3 102 14 114 2 
Nymphaea spp. 19 26 6 2 76 72 102 127 
Nymphoides spp. 15 28 11 5 55 155 15 6 
Oldenlandia sp. 1 1 1 
Oryza meridionalis 1 1 1 2 
Persicaria sp. 8 1 
Phyla nodinora* 4 
Pseudoraphis spinescens 2 17 4 117 10 132 
Utricularia spp. 22 1 12 26 9 90 2 
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Variation in Germination Conditions Among Taxa 

03: Does germination under flooded or moist conditions influence which taxa 
will germinate? 

Figure 4.3 shows taxa for which less than fifty seedlings emerged and Figure 

4.4 shows taxa with more than fifty emergents. Four taxa, Blyxa aubertii, 

Ludwigia adscendens, Hydrilla verticil/ata and Chara spp. only emerged under 

flooded conditions. Other taxa, Cyperus platystylis, Najas spp., Nitella spp. and 

Utricularia spp., all emerged in far greater numbers in the flooded treatments 

compared to the moist treatments. 

The following seven species emerged from moist treatments only: Brachiaria 

mutica; Cyperus aquatilis; Coldenia procumbens; Commelina lanceolata; 

Dentella dioeca; Euphorbia vachellii; Phyla nodiflora; and Heliotropium indicum 

(Figures 4.3 and 4.4). Persicaria sp., Hymenachne acutigluma, Fimbristylis 

spp., Eclipta prostrata, Cyperus serotinus, GJinus oppositifolius, Isoetes 

coromandelina, Nymphoides spp., and Pseudoraphis spinescens all emerged in 

greater numbers in moist rather than flooded treatments. 
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Figure 4.3 Total number of seedlings emerging from sediment samples collected in four 
grassland communities on the Magela floodplain and germinated under flooded and moist 
water regimes (species with < 50 emergents) 
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Figure 4.4 Total number of seedlings emerging from sediment samples collected in four 
grassland communities on the Magela floodplain and germinated under flooded and mOist 
water regimes (taxa with> 50 emergents) 

Patterns Within and Among Grassland Seed Banks 

Q4: What patterns can be found in species composition and abundance of 
seedlings emerging from sediment samples? 

Differences (shown above) in the species composition and abundance of 

germination from flooded and moist treatments are confirmed by ordination of 

data (Figure 4.5). In addition grassland communities were clearly separated 

(Figure 4.6). The Pseudoraphis grassland samples were distinctively grouped 

as were Hymenachne grassland samples. Oryza grassland and Brachiaria 

grassland sample trays, on the other hand, overlapped considerably in species 

composition and abundance. 

Principal component correlations did not produce high r-values for any 

individual taxa (r < 0.2), although cluster analysis grouped samples according 

to combinations of taxa. 
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Figure 4.5 Species composition and abundance ordination plot for seedlings emerging from 
sediments collected in four grassland communities under flooded and moist water regimes 
(Bray Curtis: multidimensional scaling stress 0.1764). Distinction between water regimes is 
shown. 
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Figure 4.6 Species composition and abundance ordination plot for seedlings emerging from 
sediments collected in four grassland communities under flooded and moist water regimes 
(Bray Curtis: multidimensional scaling stress 0.1764). Distinction between plant communities is 
shown. 
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Cluster analysis separated samples according to groupings of a few taxa 

(Figure 4.7). The first branch split four Oryza grassland samples under the 

moist water regime and one Hymenachne grassland sample under the flooded 

water regime, from the remaining samples. These samples all had very few 

germinants of any species. The remaining samples were then split into two 

main groups, one containing all of the remaining Oryza grassland samples and 

all but two of the Brachiaria grassland samples, and the other containing most 

of the Hymenachne grassland and Pseudoraphis grassland samples. This 

branch was derived from samples containing Nymphaea spp. in the absence of 

Nitel/a spp. The branch containing the Hymenachne and Pseudoraphis 

grassland samples were split into two groups, one comprised predominantly of 

Pseudoraphis grassland samples containing Glinus oppositifolius, Nymphaea 

spp., and Pseudoraphis spinescens seedlings and the other made up primarily 

of Hymenachne grassland samples with Nymphaea spp., Nymphoides spp. and 

Cyperus serotinus seedlings. 

The branch made up mainly of Oryza grassland and Brachiaria grassland 

samples was divided into two groups according to the presence of Nitel/a spp .. 

One group made up of Oryza and Brachiaria grassland samples, under. a moist 

water regime, contained Isoetes spp. in all samples, but few Nitel/a spp .. With 

the other group containing flooded samples, almost all of which contained 

Nitel/a spp. seedlings. This group was then split into two groups, one of which 

was further divided. One of these consisted mainly of Oryza grassland and 

Brachiaria grassland samples and the other was made up essentially of 

Pseudoraphis grassland samples that contained Nitel/a spp., Nymphaea spp. 

and Nymphoides spp .. 
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Figure 4.7 Dendrogram of Bray Curtis association matrix generated (using UPGMA) from raw 
seed bank data, showing seven groupings according to emergence of a few key species: G1 = 
Few germinants; G2 = Glinus oppositifolius, Nymphaea spp., Pseudoraphis spinescens 
(Hymenachne grassland samples); G3 = Nymphaea spp. Nymphoides spp. Cyperus serotinus 
(Moist Pseudoraphis grassland samples); G4 = Nitel/a spp, Nymphaea spp, Nymphoides spp. 
(Flooded Pseudoraphis grassland samples); G5 = Limnophila australis, Nitel/a spp., Chara spp., 
Najas spp. (Flooded Brachiaria & Oryza grassland samples); G6 = Isaetes coromandelina 
(Moist Brachiaria & Oryza grassland samples) . 
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Variation Within Grassland Seed Banks 

05: Do seeds in the seed bank vary spatially within a grassland community? 

H1: There is no difference in, the total number of seedlings emerging from 
sediment samples collected from within a grassland community on the 
Magela floodplain. 

H2: There is no difference between flooded and moist water regimes in the 
total number of seedlings emerging from sediment samples collected from 
within a grassland community on the Magela floodplain. 

H3: There is no difference in interactions of transects and water regimes in the 
total number of seedlings emerging from sediment samples collected from 
within a grassland community on the Magela floodplain. 

H4: There is no difference in the number of taxa emerging from sediment 
samples collected from within a grassland community on the Magela 
floodplain. 

Hs: There is no difference between flooded and moist water regimes in the 
number of taxa emerging from sediment samples collected from within a 
grassland community on the Magela floodplain. 

He: There is no difference in interactions of transects and water regimes in the 
number of taxa emerging from sediment samples collected from within a 
grassland community on the Magela floodplain. 

Brachiaria grassland 

Differences in the total number of seedlings emerging from sediment samples 

collected in the Brachiaria grassland were found to be significant between 

flooded and moist treatments, but not between transects or for transect and 

treatment interactions (Table 4.2). Moist treatments were found to have 

significantly lower seedling numbers than flooded treatments (Figure 4.8). 

Species richness on the other hand was not found to differ Significantly in 

samples collected from this community (Table 4.3). 

Table 4.2 Summary of ANOVA on total number of seedlings emerging from samples collected 
along three transects in a Brachiaria grassland on the Magela floodplain (Nov 95) and 
germinated under two treatments; flooded and moist conditions (Iog(x+1) transformed data) -
= p < 0.001. 

df Effect I MS Effect I df Error I MS Error I F I . p~level 
Transect 2 0.067 24 0.0487 1.37 0.272 

Treatment 1 0.613 24 0.0487 12.57 < 0.001-
Transect x Treatment 2 0.154 24 0.0487 3.16 0.060 
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Figure 4.8 Number of seedlings (log x + 1 transformed) emerging from Brachiaria grassland 
samples under flooded and moist water regimes (significant differences identified using the 
LSD test (p < 0.05) are indicated by different letters). 

Table 4.3 Summary of ANOVA on species richness of seedlings emerging from samples 
collected along three transects in the Brachiaria grassland on the Magela floodplain (Nov 95) 
and germinated under two treatments; flooded and moist conditions 

Oryza grassland 

No significant difference was found (transects, water treatment, transect and 

treatment) in the total number of seedlings emerging from sediment samples 

collected from the Oryza grassland (Table 4.4). Species richness was found to 

differ significantly between transects and treatments but no transect and 

treatment interaction was found (Table 4.5). Samples collected from transect 

six were found to contain significantly lower species richness than those from 

transects four and five (Table 0.1; Figure 4.9). Samples in the flooded 

treatment were found to be significantly less species rich than those in the 

moist treatment (Figure 4.10) . 
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Table 4.4 Summary of AN OVA on total number of seedlings emerging from samples collected 
along three transects in a Oryza grassland on the Magela floodplain and germinated under two 
treatments; flooded and moist conditions (log(x+1) transformed data) 

Table 4.5 Summary of ANOVA on species richness of seedlings emerging from samples 
collected along three transects in a Oryza grassland on the Magela floodplain (Nov 95) and 
germinated under two treatments; flooded and moist conditions "'* = p < 0.01, *** = P < 0.001 
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Figure 4.9 Species richness of samples collected along three different transects within the 
Oryza grassland and germinated under flooded and moist water regimes (Groups marked by 
the same letter did not differ significantly from one another (LSD test p < 0.05». 

58 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Chapter 4 The Seed Banks: Sediment Germination trial 

8.5,...-------r-------r--------, 

I75 .............. g ........ a 
....................... ; ...................... . 

u . . 
~ : 
~ C : 

1 8.5 .............. . .•....... ".; ...................... . 
~ : 
~ . 
> . 
~ . . 
~ . . - . . II) • • C. 5.5 ....................... ! ....................... : ...................... . 
E . . 
~ : : 
01 • • . . i 4.5 ....................... j .............. g ......... b ..................... . 

i 3.5 ....................... j.............. C ............ . 

~ . z : . 

2.51....------------'-------' 
Flooded Moist 

TREATMENT 

I :1.96*Std. Err. 
CJ :1.00*Std. Err. 

C Mean 

Figure 4.10 Species richness of samples collected from the Oryza grassland and germinated 
under flooded and moist water regimes significant differences identified using the LSD test (p < 
0.05) are indicated by different letters). 

Hymenachne grassland 

The total number of seedlings emerging from samples collected in the 

Hymenachne grassland differed significantly between transects and between 

treatments (Table 4.6). Further, a transect and treatment interaction was found 

(Table 4.6). Transect nine contained significantly lower numbers of seedlings 

than transects seven and eight (Table 0.2; Figure 4.11). Samples under the 

moist water regime contained significantly more seedlings than those under the 

flooded treatment (Figure 4.12). The transect and treatment interaction effects 

were probably caused by the low numbers of seedlings emerging from the 

flooded treatment of transect nine (Table 0.3; Figure 4.13). Species richness 

differed significantly between transects (Table 4.7), with transect seven found 

to contain significantly more species than transects eight and nine (Figure 

4.14). 

Table 4.6 Summary of ANOVA on total number of seedlings emerging from samples collected 
along three transects in a Hymenachne grassland on the Magela floodplain (Nov 95) and 
germinated under two Treatments; flooded and mOist conditions (log(x+1) transformed data) * = 
p < 0.05, - = P < 0.01 . 

59 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Chapter 4 The Seed Banks: Sediment Germination trial 

2.0,..--------,----,.-------,-----, 
s-
Ol 

E 1.9 
~ en 
c:: 
[!. 1.8 

t ! 1.7 

Ol 
a. 1.6 
E 
'" en 
8. 1.5 
en 

'" :§ 1.4 
Ol 
Ol 

~ 1.3 

~ 
E 1.2 
::l z 

.......... g ...... ~ ·············Jl················r················ 

.......... [] .......... j ................. j ................ . 

.......... .oO. . ......... .; ................ . 
[] tJ 

................. :.......... I ··········1················· 
••••• - ............. ~ •••••••••••••• + ... ~ •••••••••• · . · . · . · . · . ............................................... · . [] · . · . · . · . ............................................... · . ~~--~ : : I ................... ~ .................. : ................... "1" ~ .............. -.. 

1.1 '-----.--------------'-----~ 
T7 T8 

TRANSECT 
T9 

::c ±1.96·Std. Err. 
o ±1.00·Std. Err. 

C Mean 

Figure 4.11 Number of seedlings (log x + 1 transformed) emerging from samples collected 
along three transects in the Hymenachne grassland and germinated under flooded and moist 
water regimes (Groups marked by the same letter did not differ significantly from one another 
(LSD test p < 0.05». 
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Figure 4.12 Number of seedlings (log x + 1 transformed) emerging from Hymenachne 
grassland samples under flooded and moist water regimes (significant differences identified 
using the LSD test (p < 0.05) are indicated by different letters} . 
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Figure 4.13 Transect and treatment interactions found within samples collected along three 
transects within the Hymenachne grassland and germinated under flooded and moist conditions 
(Groups marked by the same letter did not differ significantly from one another (LSD test p < 
0.05)). 

Table 4.7 Summary of ANOVA on species richness of seedlings emerging from samples 
collected along three transects in a Hymenachne grassland on the Magela floodplain (Nov 95) 
and germinated under two Treatments; flooded and moist conditions * = p < 0.05. 
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Figure 4.14 Species richness of samples collected along three different transects within the 
Hymenachne grassland and germinated under flooded and moist water regimes (Groups 
marked by the same letter did not differ significantly from one another (LSD test p < 0.05)) . 
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Pseudoraphis grassland 

A significant difference between moist and flooded treatments was found for 

the total number of seedlings emerging from the Pseudoraphis grassland 

samples (Table 4.8). Moist treatment samples contained significantly more 

seedlings than flooded treatment samples (Figure 4.15). Differences in species 

richness were found to be significant for transects and treatments, but 

treatment and transect interactions were not significant (Table 4.9). Samples 

from transect ten contained more species than transects eleven and twelve 

(Table 0.5; Figure 4.16) and moist transect samples were less species rich 

than flooded samples (Figure 4.17). 

Table 4.8 Summary of ANOVA on total number of seedlings emerging from samples collected 
along three transects in a Pseudoraphis grassland on the Magela floodplain (Nov 95) and 
germinated under two Treatments; flooded and moist conditions (log(x+1) transformed data) ....... 
= p < 0.001. 
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Figure 4.15 Number of seedlings (log x + 1 transformed) emerging from Pseudoraphis 
grassland samples under flooded and moist water regimes (significant differences identified 
using the LSD test (p < 0.05) are indicated by different letters) . 
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Table 4.9 Summary of ANOVA on species richness of seedlings emerging from samples 
collected along three transects in a Pseudoraphis grassland on the Magela floodplain (Nov 95) 
and germinated under two water regimes; flooded and moist .. = p < 0.05, ...... = P < 0.001. 
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Figure 4.16 Species richness of samples collected along three different transects within the 
Pseudoraphis grassland and germinated under flooded and moist water regime~ (Groups 
marked by the same letter did not differ significantly from one another (LSD test p < 0.05». 
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Figure 4.17 Species richness of samples collected from the Pseudoraphis grassland and 
germinated under flooded and moist water regimes (significant differences identified using the 
LSD test (p < 0.05) are indicated by different letters) . 
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Variation Among Grassland Seed Banks 

Qs: Do seed banks vary among different grassland communities? 

Hi There is no difference in the total number of seedlings emerging from 
sediment samples collected from different grassland communities on the 
Magela floodplain. 

He: There is no difference between flooded and moist treatments in the total 
number of seedlings emerging from sediment samples collected from four 
different grassland communities on the Magela floodplain. 

H9: There is no difference in interactions of transects and water regimes in the 
total number of seedlings emerging from sediment samples collected from 
four different grassland communities on the Magela floodplain. 

H1o: There is no difference in the number of taxa emerging from sediment 
samples collected from four different grassland communities on the 
Magela floodplain. 

H11 : There is no difference in the number of taxa emerging from flooded and 
moist treatments from sediment samples collected from four different 
grassland communities on the Magela floodplain. 

H12: There is no difference in interactions of transects and water regimes in the 
number of taxa emerging from sediment samples collected from four 
different grassland communities on the Magela floodplain. 

When samples from each community were pooled, to test for differences 

among communities and water treatments, a significant community and 

treatment interaction was found for the total number of seedlings emerging from 

samples, despite community and treatments not being significant as separate 

factors (Table 4.10). This significant interaction was caused by the within 

community effects of watering regimes in both Brachiaria grassland and 

Pseudoraphis grassland samples (Figures 4.8 and 4.15) and, hence, is not 

relevant to among grassland community variation. 

Table 4.10 Summary of ANOVA on total number of seedlings emerging from samples 
collected in four grassland communities on the Magela floodplain (Nov 95) germinated under 
two water regimes; flooded and mOist (log(x+1) transformed data) (Brachiaria grassland, Oryza 
grassland and, Hymenachne grassland, Pseudoraphis grassland) 

df Effect I MS Effect I df Error I MS Error I F I p-Ievel 
Veg Type 3 0.172 112 0.092 1.87 0.138 
Treatment 1 0.112 112 0.092 1.22 0.271 

Veg type x Transect 3 0.682 112 0.092 7.45 < 0.001*** 
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Species richness was found to differ significantly among communities 

between treatments and for community and treatment interactions (Table 4.11). 

Seed banks of Brachiaria and Hymenachne grasslands did not differ 

significantly in species richness and samples from both communities had 

significantly more species than Oryza and Pseudoraphis grasslands. Emergent 

communities from both the Oryza and Pseudoraphis grassland samples were 

similar in species richness (Figure 4.18). 

More taxa were found to emerge in samples under flooded rather than moist 

regimes (Figure 4.19). The interaction between communities and water 

regimes was due to the moist Brachiaria grassland samples having significantly 

more species than flooded Hymenachne and Pseudoraphis grassland samples, 

while moist Oryza and Pseudoraphis grassland samples had less species than 

all other samples (Table 0.5; Figure 4.20). 

Table 4.11 Summary of ANOVA on species richness of seedlings emerging from samples 
collected in four grassland communities on the Magela floodplain (Nov 95) and germinated 
under two water regimes; flooded and moist. (Brachiaria grassland, Oryza grassland and, 
Hymenachne grassland, Pseudoraphis grassland) - = P <0.01, -- = P <0.001. 
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Figure 4.18 Species richness of seedlings emerging from trays, each representing 66cm2 x 10 
cm deep sediment samples, collected from four grassland communities on the Magela 
floodplain (8m = Brachiaria grassland, Om = Oryza grassland, Ha = Hymenachne grassland 
and Ps = Pseudoraphis grassland) and germinated under flooded and moist water regimes 
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(significant differences identified using the LSD test (p < 0.05) are indicated by different 
letters). 
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Figure 4.19 Species richness of seedlings emerging from trays, each representing 66cm2 x 10 
em deep sediment samples, collected from four grassland communities on the Magela 
floodplain and germinated under two water regimes (flooded and moist) (significant differences 
identified using the LSD test (p < 0.05) are indicated by different letters). 
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Figure 4.20 Community and treatment interactions of species richness of seedlings emerging 
from trays, each representing 66cm2 x 10 cm deep sediment samples, collected from four 
grassland communities on the Magela floodplain (8m = Brachiaria grassland, Om = Oryza 
grassland, Ha = Hymenachne grassland and Ps = Pseudoraphis grassland) and germinated 
under two water regimes (flooded and mOist) (Groups marked by the same letter did not differ 
significantly from one another (LSD test p < 0.05)) . 
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Summary 

Table 4.12 summarises the significant results for total number of seedlings 

and species richness within and among grassland communities. 

Table 4.12 Summary of all results of analyses on total number of seedlings and species 
richness within and among sediment samples collected from four grassland communities on the 
Magela floodplain (8m = Brachiaria grassland, Om = Oryza grassland, Ha = Hymenachne 
grassland, Ps = Pseudoraphis grassland) and germinated under two water regimes (F = 
flooded, M = mOist). 

si!lnificant Effect 8m Om Ha Ps Veg Types 
Total number Transects Ns Ns T9 < T7 I T8 Ns Ns 

of seedlings :::::f.f~~~p.~~~~:::::::::F.::~:~:::::::::::::::::~:~::::::::::::::::::::::~:~f:::::::::::::::::~:~:r::::::::::::::::::::::::::::~:~:::::::::::::::::::: 
Interactions Ns Ns T9 < all Ns 8m F :> 8m M 

Ps F < Ps M 

Species Richness ...... :r.~!:1.~!~~ ............. ~.~ .......... 1?:': . .T.4.!..I.!?. ....... T.~.!..I.~ .. :':.I? ........ n.L:':.:r.'.9 .............. ~!!.I!.ti.~? .. Q.~{J:~ ....... . 
Treatments Ns F > M Ns F :> M F :> M · .... intiiiractICins ............ N·s ...... · ............ N·s ........ · ...... · ........ Ns ...................... ·NS .. · .......... · .............. ·BmM·; .. · ...... · .... .. 

HaF IOmMiPsF IPsM 
Om M < all bar Ps M 
Ps M < all bar Om M 
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Comparisons of Grassland Seed Banks Between Years (1984 & 1996) 

Q7: Have changes occurred in the seed bank since the 1984 study? 

Due to differences between the present study and that conducted in 1984 

(Finlayson et al. 1990) (duration, sample numbers, timing of sampling and 

experimental starting time), the following comparisons are tentative. 

A total of 33 taxa were recorded in 1984 compared with 34 taxa found in this 

study. Two species were found in 1984 that were not present in 1996, namely, 

Cyperus digitatus and Hygrochloa aquatica. In contrast Brachiaria mutica was 

recorded in 1996 but not in 1984. 

Similar numbers of species were found to emerge from flooded treatments in 

both years (Figure 4.21), although the Hymenachne grassland samples in 1984 

contained slightly more species than those in 1996. A vast difference in 

species richness of the moist treatments could be seen. Oryza grassland 

samples in 1984 contained more species than the equivalent (Brachiaria 

grassland and Oryza grassland) samples in 1996. The number of species in 

moist treatments of both Hymenachne and Pseudoraphis grassland samples in 

1996 were also reduced but the difference was not as great. 
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Figure 4.21 Species richness of seedlings emerging from sediment samples collected from the 
same sample sites on the Magela floodplain in 1984 and 1995 and germinated under two water 
regimes (flooded and moist)(Top 1984 Om = Oryza grassland, Ha = Hymenachne grassland, 
Ps = Pseudoraphis grassland; Bottom 1996 Bm = Brachiaria grassland, Om = Oryza grassland 
(Bm + Om = Om 1984), Ha = Hymenachne grassland, Ps = Pseudoraphis grassland). 

Data on all taxa were not published for the 1984 study, consequently 

comparisons of taxa can only be made with those that were documented. Data 

published from the 1984 study were presented in the form of calculated 

seedlings m·2, and these calculations were also conducted for the present 

study in order to facilitate comparisons (Appendix E). Examination of the 

proportions of each taxa that emerged from the grassland communities in 1984 

and 1996 for both flooded and moist treatments, showed several overlaps . 
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Taxa Emerging from Oryza Grassland Samples in 1984 & 1996 

Ceratopteris thalictroides, Eleocharis spp., Eriocaulon setaceum, Glinus 

oppositifolius, Heliotropium indicum, Isoetes coromandelina, Limnophila 

australis, Maidenia rubra, Najas spp. and Oryza meridionalis overlapped among 

the Oryza grassland samples in 1984 and Brachiaria and Oryza grassland 

samples in 1996 (Figure 4.22). Differences in proportions of seedlings of these 

species were found between years and treatments. Ceratopteris thalictroides, 

Heliotropium indicum, Isoetes coromandelina and Najas spp. were found to 

emerge in higher numbers in 1996 than in 1984. Conversely, Maidenia rubra, 

Limnophifa australiS, Eriocaulon setaceum and Oryza meridionalis were 

proportionally more abundant in 1984 samples (compared to 1996 samples). 

Eleocharis spp. and Glinus oppositifolius were found in similar proportions in 

samples from both years 
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Figure 4.22 Proportions of total seedlings (calculated 1 m·2) that each species made up in 1984 
Oryza grassland samples (OM84), 1996 Oryza grassland samples (Om9S) and 1996 Brachiaria 
grassland samples (Bm9S) in flooded (F) and moist (M) treatments.(only species overlapping in 
occurrence between years are shown) . 
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Taxa Emerging from in Hymenachne Grassland Samples in 1984 & 1996 

Taxa found to emerge from samples in both 1984 and 1996 included 

Fimbristylis spp., Glinus oppositifolius, Heliotropium indicum, Hymenachne 

acutigluma, Najas spp., Nymphaea spp., Pseudoraphis spinescens, and 

Utricularia spp. (Figure 4.23). 

Fimbristylis spp., Heliotropium indicum, Najas spp., and Pseudoraphis 

spinescens made up greater proportions of seedlings in 1984 compared to 

1996. Hymenachne acutigluma and Glinus oppositifolius were found to emerge 

in greater proportions in 1996. While Nymphaea spp. differed in proportion 

between years in flooded and moist treatments and Utricularia spp. was found 

in similar proportions in both years. 
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Figure 4.23 Proportions of total seedlings (calculated 1 m-2
) that each species made up in 1984 

Hymenachne grassland samples (HA84) , 1996 Hymenachne grassland samples (HA96) in 
flooded (F) and moist (M) treatments.(only species overlapping in occurrence between years 
are shown). 
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Taxa Emerging from Pseudoraphis Grassland Samples in 1984 & 1996 

Eleocharis spp., Glinus oppositifolius, Najas spp., Nymphaea spp., 

Pseudoraphis spinescens, and Utricularia spp. were all found to emerge from 

samples collected from the Pseudoraphis grassland site in both years (Figure 

4.24). 

Najas spp. and Pseudoraphisspinescens were found in higher proportions in 

1984 compared to 1996, while Glinus oppositifolius, Nymphaea spp., Utricularia 

spp. and Eleocharis spp. emerged in higher proportions in 1996. 
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Figure 4.24 Proportions of total seedlings (calculated 1 m·2
) that each species made up in 1984 

Pseudoraphis grassland samples (PS84), 1996 Pseudoraphis grassland samples (PS96) in 
flooded (F) and moist (M) treatments.(only species overlapping in occurrence between years 
are shown). 

72 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Chapter 4 The Seed Banks: Sediment Germination trial 

Discussion 

Grassland Seed Banks in 1996 

Wetland taxa found to emerge from the seed bank can be divided into three 

groups according to their germination: taxa that germinate under flooded 

conditions; taxa that germinate under moist conditions; and taxa that germinate 

under both flooded and moist conditions. Blyxa auberlii, Ludwigia adscendens, 

Hydrilla verticil/ata, Chara spp., Cyperus platystylis, Najas spp., Nitel/a spp. and 

Utricularia spp. all germinate in higher numbers under flooded conditions 

(compared to moist). In contrast, Cyperus aquatilis, Coldenia procumbens, 

Commelina lanceolata, Dentel/a dioeca, Euphorbia vachel/ii, Phyla nodiflora and 

Heliotropium indicum germinate better under moist conditions. All other 

recorded taxa emerged in similar numbers regardless of whether they 

experienced flooded or moist water regimes (Figures 4.3 & 4.4). 

Groupings of the aquatic taxa, Nitella spp., Nymphaea spp., Isoetes 

coromandelina, Najas spp., Nymphoides spp., Cyperus serotinus and 

Umnophila australis were the main influences in patterns found among samples 

(Figures 4.6 & 4.7). Glinus oppositifolius, a mudflat species, also influenced the 

patterns that were found. Distinct differences in species composition and 

abundance between treatments were caused by the emergence of more 

aquatic taxa in the flooded treatments compared to moist treatments (Figure 

4.5). Charophytes played a major role as large numbers of oospores were 

present in flooded samples from all communities (Table 4.1). 

Hymenachne and Pseudoraphis grassland seed banks differed from 

Brachiaria and Oryza grassland seed banks as few Nymphaea spp. seedlings 

emerged from seed banks of the latter two communities. Differences between 

Pseudoraphis and Hymenachne grassland seed banks were attributed to the . 

combination of Nymphoides spp. and Cyperus spp. emerging in Hymenachne 

grassland samples. 

Species composition and abundance of Oryza and Brachiaria grassland 

samples were similar although partitions between treatments were found. This 

was caused by the presence of Nitel/a spp. seedlings in flooded samples and 
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Isoetes coromandelina seedlings in moist samples. High numbers of the latter 

species in moist samples may indicate germination conditions required by this 

species. The similarities in species composition between seed banks of Oryza 

and Brachiaria grasslands are not surprising as the Brachiaria grassland exists 

on a site which, prior to 1989, was Oryza grassland. 

Brachiaria mutica seeds emerged from both Brachiaria and Hymenachne 

grassland samples, indicating that these seeds are widely dispersed on the 

floodplain. However, these seeds were not found in the adjacent Oryza 

grassland or Pseudoraphis grassland samples. Seeds of this species could be 

present in these communities in lower numbers (than in Hymenachne and 

Brachiaria grasslands) because reduced vegetation cover in Oryza and 

Pseudoraphis grasslands, during the dry season, allows seed predation by 

providing easier access to seeds. If this was the case, sample size and 

intensity may not have been large enough to detect these seeds. 

Species richness and total number of seedlings in Hymenachne grassland 

samples and species richness among both Oryza and Pseudoraphis grasslands 

differed between transects, these results indicate a heterogeneous distribution 

of seeds within sediments of the Magela floodplain. As this difference was 

noted for both seedling numbers and species richness in the Hymenachne 

grassland, seeds may be more variably distributed within sediments of this 

community (Table 4.12). This is consistent with species in the extant vegetation 

as the Hymenachne grassland was found to have the most species rich and 

diverse extant vegetation of the four communities (Figures 3.2 & 3.S). 

Moist samples yielded the highest numbers of seedlings for Hymenachne and 

Pseudoraphis grasslands, whereas, flooded Brachiaria grassland samples 

yielded more seedlings for this particular community. These contrasting trends 

led to significant community and water regime interactions for the total number 

of seedlings emerging among communities (Table 4.10). These differences 

can be attributed to high numbers of just a few species. The flooded Brachiaria 

grassland samples had higher total seedling numbers because of the many 

Nitella spp. and Chara spp. seedlings emerging in these samples (Table 4.1). 

Similarly, the greater total number of seedlings emerging from moist 
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Hymenachne grassland samples were a result of the high number of Cyperus 

serotinus, Nymphoides spp., Nymphaea spp., Pseudoraphis spinescens and 

Glinus oppositifolius seedlings in these samples. The latter three taxa are 

responsible for the same trend in Pseudoraphis grassland samples. 

Species richness in the seed bank was more indicative of observations in the 

extant vegetation than seedling numbers emerging from sediment samples, 

with both Oryza and Pseudoraphis grassland samples having greater species 

richness when flooded than under a moist water regime. The significantly 

higher species richness in Brachiaria and Hymenachne grassland samples, 

compared to Oryza and Pseudoraphis grassland samples, may reflect the 

morphological form and perennial habit of the two grass species that dominate 

these communities. Thompson (1992) noted that floating seeds are trapped by 

emergent vegetation. Both Brachiaria mutica and Hymenachne acutigluma are 

emergents that tend to grow in thick clumps. Therefore, these species could 

easily trap seeds dispersed during the wet as they float down the floodplain. 

Similarly, airborne seeds dispersed during the dry season could also be 

trapped. The perennial habit of these two species may also provide a non­

desiccating environment during the dry as the thick vegetation cover over the 

whole year reduces fluctuations in soil temperature, thus providing better 

conditions for seed survival (Murdoch and Ellis 1992). Similarly, the clumping 

growth form of both Brachiaria mutica and Hymenachne acutigluma reduces 

light reaching the soil surface (and seeds). Light has been shown to playa 

major role in breaking the seed dormancy of many species (Pons 1992), thus 

the reduced light in these communities could inhibit germination of seeds. 

Furthermore, the topographic position of these communities may also playa 

role. Both Brachiaria mutica and Hymenachne acutigluma occur in sites of 

intermediate inundation compared to the remnant Oryza and Pseudoraphis 

grassland sites, which occur on the edge and in deeper sections of the 

floodplain respectively. This supports Grime's (1973) suggestion that harsh 

environmental conditions generate low species diversity . 

The interaction between plant community and water regime was a result of 

higher species richness in moist Brachiaria grassland samples, compared to all 
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other samples, and low species richness in both Oryza and Pseudoraphis 

grasslands, under moist water regimes (Figure 4.20). Extremely high species 

richness in Brachiaria grassland samples may be a result of the recent changes 

in extant vegetation in this community. This sample site still contains the suite 

of seeds from the Oryza community that previously occupied the site (Maps 3.2 

& 3.3). Further, thick vegetation cover of Brachiaria mutica all year round traps 

seeds (Thompson 1992), while reducing recruitment from the seed bank. 

These factors contribute to a larger soil seed bank in this community. 

Comparisons of Grassland Seed Banks Between Years (1984 & 1996) 

The marked difference in species richness of Oryza grassland samples in 

1984 and 1996 is not easily explained (Figure 4.21). It is possible that the 

small number of samples taken in 1984 could have been collected from a 

particularly species rich location within the Oryza grassland. In addition, 

differences between timing and duration of experiments in 1984 and 1996 

could effect these results. The remnant Oryza grassland site sampled for the 

current study was located on the edge of the floodplain, as Brachiaria mutica 

has invaded the deeper parts of this community. This could reflect the habitat . 
requirements of Brachiaria mutica. It is possible that the water regime toward 

the edge of the floodplain inhibits Brachiaria mutica from establishing. The 

habitat requirements of Brachiaria mutica have not been fully established and 

the water regimes that facilitate establishment and survival of this species may 

also differ, that is, once established Brachiaria mutica may be able to survive in 

environments with less water. 

Comparison of the proportions of individual species occurring in each 

community between years gave varying results. Higher proportions of Oryza 

meridionalis, Eriocaulon setaceum, Limnophila australis, Fimbristylis spp., 

Maidenia rubra, and Pseudoraphis spinescens were found in samples from 

1984 compared to those in 1996. While Isoetes coromandelina, Glinus 

oppositifolius, Nymphaea spp., Utricularia spp. and Eleocharis spp. made up a 

greater proportion of seedlings emerging from 1996 samples compared to 

those from 1984. 
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The duration of experiments could have considerably influenced the 

proportions of species emerging from sediments. This factor has been 

suggested to effect seed bank estimates by several authors (Benoit et al. 1989; 

Warr et al. 1993; Britton and Brock 1994). In addition dormancy of seeds could 

have been induced in this study by drying samples at the time of onset of 

flooding in November 1995. This study was conducted over 3 1/2 months, 

whereas the previous study monitored germination from samples over 10 

months. The presence of seed dormancy may have resulted in seeds requiring 

longer than 3 1/2 months to germinate. This is particularly relevant to 

Pseudoraphis spinescens as seeds of this species were previously found to 

continue germinating after 10 months (Finlayson et al. 1990), and they made 

up a considerable proportion of the seedlings emerging in the previous study 

(Figures 4.23 & 4.24). In any case, these results illustrate the variability in 

covert vegetation on the floodplain, and may indicate that the contribution of 

seed banks to the extant vegetation varies in different years. As seed banks 

reflect seed production of previous years, the proportions of seedlings found in 

each year could be an artefact of seed production due to variation in rainfall in 

the years leading up to each study. The wet season prior to sample collection 

for this study was unusually long and rainfall for the year was above average 

(3700mm), this could explain why all but one of the taxa found to make up 

higher proportions of seedlings in 1996 compared to 1984 were aquatic taxa. 
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Introduction 

The seed banks of most plant communities are expected to contain more 

species than extant vegetation, as seed banks commonly reflect vegetation 

from previous times (Roberts 1981). Several studies have examined the 

relationships between freshwater tidal wetland seed banks and extant 

vegetation and, contrary to expectations, these seed banks have been found to 

mirror extant vegetation in species composition and abundance (Parker and 

Leck 1985; Leck and Simpson 1987; Leck and Simpson 1995). This is 

considered to be a result of the large proportion of annual species, and the 

reduced numbers of grass and sedge species, in such communities (Leck and 

Simpson 1995). 

Grillas et al. (1993) studied a marsh in southwestern Spain and found 

significant correlations between seed bank and extant vegetation in species 

composition and abundance. However, this relationship failed to apply to 

Charophyta, for although oospores were abundant in samples, charophytes 

were not present in the extant vegetation of all areas sampled (Grillas et a/. 

1993). 

Hydrological patterns establish the role seed banks play in vegetation 

dynamics (Leck 1989). Prairie marshes in North America have been shown to 

rely on seed banks for regeneration of mudflat and emergent species during 

drought, and recruitment of submersed aquatics during periods of normal 

rainfall (van der Valk and Davis 1979). In habitats where the drawdown cycle 

is annual (eg. vernal pools & monsoonal floodplains), more complex 

relationships between seed banks and extant vegetation have been found 

(Gopal 1986; Zedler 1987). Zedler (1987) hypothesised that variation in pool 

water level contributes to seed bank and vegetation diversity in vernal pools. 

Gopal (1986) suggested that two seasonally delimited communities develop in 

monsoonal climates, one adapted to inundation and the other to drawdown, 

both contributing and recruiting from the seed bank. 

Finlayson et al. (1990) applied flooded and damp water regimes to sediment 

samples from Hymenachne, Oryza and Pseudoraphis grasslands of the Magela 

floodplain with the objective of finding relationships between seed banks and 
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Chapter 5 The Relationships: Extant Vegetation & Seed Banks 

extant vegetation of each community. Pseudoraphis grassland seed banks 

were found to closely resemble the vegetation of this community. Hymenachne 

grassland seed banks, on the other hand, did not closely resemble extant 

vegetation. Hymenachne acutigluma made up <2% of seedlings emerging from 

sediments collected in the Hymenachne grassland compared with 

Pseudoraphis spinescens which comprised 72% of emergent seedlings. 

However, Pseudoraphis spinescens was not prominent in the extant vegetation 

of the Hymenachne grassland, therefore, it was suggested that Pseudoraphis 

spinescens seed had been transported downstream from the Pseudoraphis 

grassland to the Hymenachne grassland. Seed transport may therefore be an 

important factor influencing vegetation patterns (Finlayson et a/. 1990). It was 

also noted that just prior to the study in 1984 (Finlayson et a/. 1990) that the 

Hymenachne grassland was inhabited by a population (unknown size) of feral 

buffaloes and this could have been, in part, responsible for the lack of 

Hymenachne acutigluma seed within sediment samples, as grazing buffalo may 

have prevented this species from flowering. Oryza grassland seed bank 

samples were found to contain more seedlings than seed bank samples from 

other communities, although not all species found in the extant vegetation of 

this community were represented in the sediment samples. It was suggested 

that the observed unevenness of species composition in these sediment 

samples was a result of the dominance of annual species in extant vegetation 

of the Oryza grassland (Finlayson et al. 1990). Predictions of vegetation 

succession on the Magela floodplain from this study alone were not possible 

due to the lack of correspondence between seed bank results and vegetation 

survey data. 

The current study was conducted on the same sample sites as those of 

Finlayson et al. (1990) and aimed to collect more detailed data on sediment 

seed banks and extant vegetation of these sites thus clarifying relationships 

and allowing comparisons between the studies . 
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ChapterS The Relationships: Extant Vegetation & Seed Banks 

The questions addressed in this chapter are: 

Q1: Is there a correlation between species composition of sediment samples 
(determined by germination) and the extant vegetation from which they 
came? 

Q2: Is there a correlation between species composition and abundance of 
sediment samples (determined by germination) and the extant vegetation 
from which they came? 

The hypothesis generated to test this is: 

H1: There is no difference in the species composition and abundance of extant 
vegetation and seed banks. 

Methods and Analyses 

Simple comparisons of species presence between extant vegetation (Chapter 

3) and seed bank data (Chapter 4) were made for each of the four plant 

communities studied. More complex comparisons were made using the Mantel 

test and modified Rand test to compare results from multivariate analyses of 

these data. The Mantel test compared association matrices of vegetation data 

and seed bank data (Appendix B: refer to disk provided) using Pearsons 

product moment correlation coefficient (Belbin 1993a). An original correlation 

was made, then one association matrix (vegetation survey) was randomised 

10,000 times. Each randomisation was correlated to the sediment germination 

matrix (held constant). These values were compared to the original r value to 

determine if this correlation occurred purely by chance. 

Groupings identified from cluster analyses of the vegetation survey (Figure 

3.2) and sediment germination (Figure 4.7) data were compared using the 

RIND sub-routine in PATN. This method is based on the modifications of the 

Rand statistic made by Hubert and Arabie (1985). It returns a 

Hubert/ArabielRand statistic ranging from a value of zero, implying chance 

levels of associations to one, indicating a perfect correlation (Belbin 1993a). 
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Results 

Q1: Is there a correlation between species composition of sediment samples 
(determined by germination) and the extant vegetation from which they 
came? 

More taxa germinated from sediment samples than were found in the extant 

vegetation of each plant community (Table 5.1) and many of the taxa 

germinating from sediment samples were not found at all in the vegetation 

survey. These included Blyxa aubertN, Ceratopteris thalictroides, Chara spp., 

Commelina lanceolata, Cyperus aquatilis, Cyperus serotinus, Eriocaulon 

setaceum, Hydrilla verticillata, Limnophila australis, Ludwigia perennis, 

Maidenia rubra, Nitella spp. and Oldenlandia sp. Of these taxa, Nitella spp., 

Chara spp. and Cyperus serotinus were found to emerge from sediment 

samples of all communities. Blyxa aubertii, Hydrilla verticillata and Ludwigia 

perennis were each found in only one community. Eriocaulon setaceum, 

Isoetes coromandelina and Limnophila australis emerged only from samples 

collected at Brachiaria and Oryza grassland sites and Maidenia rubra was 

found in all samples but those from the Pseudoraphis grassland. 

Five species occurred in the vegetation survey that were not found to 

germinate from the sediments namely, Azolla pinnata, Salvinia molesta, 

Hygrochloa aquatica, Merremia gemella and Ipomoea aquatica. 
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Table 5.1 Species occurring in extant vegetation (wet and dry season) and emerging from sediment seed bank (moist and flooded water regimes) of four 
grassland communities on the Magela floodplain (communities are defined in Chapter 2). 

Brachiari.a grassland Oryza grassland Hymenacflna grassland Psaudorapjlis grassland 
Taxa Extant Vegetation Seed bank 

Dry Wet Moist Flooded 
Extant Vegetation i Seed bank 

Dry Wet' Moist Flooded 
EKtant Vegetation Seed bank 

Dry Wet Moist Flooded 
Extant Vegetation i Seed bank 

Dry Wei i Moist Flooded 
Azolla Dinnata 
Blyxa aubertii 
Brachiaria mutica' 
Ceratopteris thalictroides ./ ./ ./ ./ 

Chara SOD. 

Co/dania DfOcumbens 
CommeHna /ancao/ata 
Cvperos aauatiJis 
CYf)eros IJ/a/vstv/is 
Cvoerus serotinus ./ ./ 

Dantella dioaca 
EcUTJla DfOstrata 
Beocharis SoD. 
Eriocaulon setaceum ./ ./ ./ ./ 

EuTJhorbia vachaNii 
Fimbristvlis SOD. ./ ./ 

GHnus oppositifolius 
HaliotroDium indicum" 
Hydrilla verticillata 
HVQfDch/oa aauatica 
Hvmenachne acuti[:juma 
Ipomoea aauatica 
Isoetes coromandelina ./ ./ ./ ./ 

LimnOlJhila austraHs ./ ./ ./ ./ 

Ludwicia adscendens ./ ./ 

Ludwkia perennis ./ ./ 

Makienia robra ./ ./ ./ ./ ./ ./ 

Memmia aeme/la 
Naiassoo. ./ ./ ./ ./ 

WdeHaSDD. ./ ./ 

Nvmohaea SDD. 
Nvmohoides SoD. ./ ./ 

O/denlandla ~ 
Orvza meridionaBs 
Persicaria SOD. 

Phvla nodillora" 
PseudoraDhis stJinescens 
Salvinia moIesta 
Utlicularia SJ;!/:!. 
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Q2: Is there a correlation between species composition and abundance of 
sediment samples (determined by germination) and the extant vegetation 
from which they came? 

H1: There is no difference in the species composition and abundance of extant 
vegetation and seed banks. 

The original correlation between association matrices of extant vegetation 

and seed bank germination data generated an r value of 0.245 indicating a 

poor correlation between association matrices. One hundred percent of the 

randomised values were less than or equal to this original value indicating that 

this correlation was significant and did not occur purely by chance. 

To compare the groupings of cluster analyses of extant vegetation and seed 

bank data the RIND sub-routine in PATN generated a contingency table (Table 

5.2). Vegetation survey partitions are presented in rows and sediment seed 

bank germination partitions are presented in columns. The values appearing 

off the shaded diagonal line indicate the level of miss-match between the two 

cluster analyses. The diagonal total shows that there was 44% overlap in the 

contingency table. The Hubert/Arabie/Rand statistic found was 0.1986,- a lower 

result to the r value of the Mantel test (0.245). Indicating that there is little 

correlation between the two classifications. 

Table 5.2 Contingency table produced by RIND sub-routine in PATN for comparison of 
vegetation survey and sediment germination classifications of four grassland vegetation types 
on the Magela floodplain; Hubert/Arabie RAND statistic = 0.1986; Diagonalltotal = 53/120 = 
0.4417 
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Partitions 

1 
2 
3 
4 

Sum 
Error 
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:;';':;,7u,r:: 1 1 0 0 
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47 
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Discussion 

This study has shown that the seed banks of the Magela floodplain 

grasslands, like other systems, contain greater species richness than extant 

vegetation (Roberts 1981). One would expect seed banks of the Magela 

floodplain to contain species which have occurred as extant vegetation in 

previous years as well as those species which appear at different times 

throughout the same year. This was best illustrated by the observed 

differences in the Brachiaria grassland which contains extant vegetation with 

few species, but a seed bank containing more species than other grassland 

communities. Reasons for such high species richness in the seed bank of this 

community were discussed in Chapter 4. 

Five species were found in extant vegetation of grassland communities that 

were absent from seed banks: Azalia pinnata; Salvinia mo/esta; Hygrochloa 

aquatica; Merremia gemella; and Ipomoea aquatica. Azolla pinnata and 

Salvinia molesta were not expected to emerge from sediments as they have not 

been reported to produce fertile spores in Australia (Sainty and Jacobs 1981) 

and vegetative propagules would have been killed by drying samples .. Only a 

few specimens of Hygrochloa aquatica were recorded in extant vegetation. The 

rarity of this species in study sites is reflected in its absence from sediment 

germination samples. The absence of Merremia gemella and Ipomoea 

aquatica in germination trays may be explained by poor seed set or seed 

dormancy as these species were more common in extant vegetation than 

Hygrochloa aquatica. 

Several taxa found in extant vegetation of particular communities, were 

absent from their representative seed banks. This may reflect the low 

frequency with which these taxa occur in a given community. Examples include 

Hymenachne acutigluma and Ludwigia adscendens found in the Brachiaria 

grassland, and Oryza meridionalis found in the Hymenachne grassland. These 

species occurred in low numbers in extant vegetation and were absent from 

sediment samples. Euphorbia vachellii, on the other hand was quite common in 

extant vegetation of the Oryza grassland during the dry season, yet it too was 

85 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

absent in sediment samples of this community. This result may be due to seed 

dormancy or unfavourable conditions for germination in the glasshouse. 

Many aquatic taxa found in the seed bank were not observed in extant 

vegetation. However, greater numbers of these taxa may occur in extant 

vegetation during the wet season than otherwise indicated by the vegetation 

survey (Chapter 3) as the presence of crocodiles on the floodplain limited 

sampling of submerged vegetation during this season. The common 

occurrence (in sediments) of Nitella spp., Chara spp., Cyperus serotinus and 

Maidenia rubra is more than likely a reflection of the high seed and oospore 

production of these taxa. It is likely that Blyxa aubertN, Hydrilla verticil/ata and 

Ludwigia perennis occur infrequently in the study sites as they were each only 

found emerging from one community and were absent from extant vegetation. 

Finlayson et al. (1990) found species composition and abundance of the 

Pseudoraphis grassland seed bank to closely resemble extant vegetation in 

this community, but found poor relationships between extant vegetation and 

seed banks of the Hymenachne and QlYza grasslands. In contrast, this study 

found species composition of the Hymenachne grassland seed bank to be 

more closely related to extant vegetation than other grassland seed banks were 

to their respective extant vegetation (Table 5.1), although this relationship did 

not hold for species abundance. This result may reflect the ability of the 

Hymenachne grassland to sustain a variety of taxa in the extant vegetation late 

into the dry season, as this community undergoes less dramatic seasonal water 

fluctuations than other communities (ie. drawdown takes longer). 

Finlayson et al. (1989) suggested that duration of inundation played an 

important role in structuring vegetation. They reported that areas of the 

floodplain inundated for approximately five months each year had greater 

fluctuations of species composition in extant vegetation than those inundated 

for three months (Finlayson et al. 1989). This may be due to the greater length 

of time available for individual species to germinate, grow and reproduce. The 

availability of water for this extended period may enable more species to 

complete their life-cycles and as a result, more species rich communities are 

found in the sediments of these areas . 
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Correlations of species composition and abundance between extant 

vegetation and sediment seed bank data of this study were poor. Although the 

above analyses show that this relationship did not occur purely by chance. The 

lack of correlation between extant vegetation and seed banks is probably due 

to the occurrence of high numbers of submerged aquatic taxa emerging from 

sediment samples (Chapter 4). 

The timing of vegetation survey could also be one reason stronger 

correlations were not found. Finlayson et al. (1989) noted that many species 

are recruited from the seed bank at the start and end of the wet season, just 

before flooding and drying of the floodplain. It is possible that the Brschisris, 

Oryza and Pseudoraphis grasslands contain many of the taxa found to emerge 

from sediment samples as extant vegetation during this period of time only. If 

this is the case, the vegetation surveys in this study would not have found 

these taxa, as surveys were conducted late in the dry season, before rain had 

commenced, and during the wet season after flooding had occurred. To further 

investigate this, emergence of seedlings would need to be monitored in the 

field during different times of year while study sites were inundated to different 

water levels. 

Alternatively, it is possible that seeds of the taxa found to emerge in 

germination triats from samples taken in the Bra ch ia ria , Oryza and 

Pseudoraphis grassland sites, but not observed in the extant vegetation, were 

transported to these grassland communities from elsewhere. These taxa may 

not be able to grow and reproduce in these communities as conditions are not 

suitable. Regardless of these possibilities, the poor correlations found in this 

study indicate that other factors may be contributing to the vegetation dynamics 

on the floodplain. For example, it is recognised that vegetative reproduction 

plays a role in the vegetation dynamics of the Magela floodplain (Finlayson et 

al. 1989; 1990). 

The sediment seed bank germination trial did not account for vegetative 

reproduction and the lack of correlation between extant vegetation and seed 

banks indicate that it may be a significant feature of the vegetation dynamics in 

this ecosystem. The lower numbers of grass seeds found to emerge in this 

study, compared to the 1984 study, would suggest that the importance of 
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vegetative reproduction varies from year to year. This may be related to the 

effect of rainfall patterns upon seed production of dominant species of the 

grassland communities on the Magela floodplain. 
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Chapter 4 The Seed Banks: Sediment Germination trial 

Introduction 

Seed banks are difficult to study and this may account for the limited research 

existing in this area. The difficulty in studying seed banks arises as seeds are 

rarely evenly distributed in soils and different species have varying seed size 

and different germination requirements. Thus, many factors must be 

considered in the design of seed bank experiments, including sample 

collection, sampling intensity, sample distribution, timing of sampling, 

estimation of seed numbers and the suitability of data for analysis with various 

statistical techniques (Benoit et al. 1989; Warr et al. 1993; Britton and Brock 

1994). 

Most wetland seed bank studies have been aimed at gaining an 

understanding of the role seed banks play in structuring wetland plant 

communities. Various approaches have been used including comparison of 

seed banks from different vegetation types (Thompson and Grime 1979); 

examination of the relationship between the seed bank and extant vegetation 

(Grillas et al. 1993; Wilson et al. 1993); investigation of the role of seed banks 

in re-establishment of vegetation after a disturbance (ter Heerdt a~d Drost 

1994); and determination of germination from seed banks under various 

hydrological regimes (Smith and Kadlec 1983; Schneider and Sharitz 1986; 

Schneider 1994) and in different seasons (Thompson and Grime 1979; Britton 

and Brock 1994). 

The most common technique applied in studying seed banks involves 

collecting soil cores, placing them in a glasshouse, and counting seedlings of 

each species as they emerge. This technique assesses the ability of seeds to 

germinate but does not accurately assess numbers of seeds of different 

species contained within the soil (Thompson and Grime 1979). To maximise 

precision of seed estimates most studies of this type germinate samples under 

different water regimes (Smith and Kadlec 1983; Wilson et al. 1993; Britton and 

Brock 1994; Brock et al. 1994; Schneider 1994) and/or run experiments over 

many months (Leck and Simpson 1987; Leck and Simpson 1995). 

A seed bank experiment was conducted over a period of 10 months on 

sediment samples from the Magela floodplain in 1984 using two water regimes 
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Chapter 4 The Seed Banks: Sediment Germination trial 

(flooded and moist) (Finlayson et al. 1990). This study demonstrated 

significant site-treatment differences, reflecting to some extent, the previous 

vegetation history of each site and the habit of the dominant grass species. It 

also indicated that specific species composition could vary under different 

environmental conditions, however, there was insufficient information to 

suggest that major changes to broad vegetation patterns would occur 

(Finlayson et al. 1990). One of the main reasons for conducting the study was 

to provide baseline data so that changes in plant species composition and 

community structure, resulting from removal of feral buffalo and introduced 

plant species invasions, could be assessed (Finlayson et al. 1990). 

Chapter three discussed changes in extant vegetation and revealed that 

Brachiaria mutica has invaded a considerable area of the Oryza grassland. 

Hence, samples collected, from sites also used by Finlayson et al. (1990), for 

the following seed bank experiment included Brachiaria grassland in addition to 

Oryza grassland, Hymenachne grassland and Pseudoraphis grassland. The 

Brachiaria grassland and Oryza grassland samples of the present study come 

from Brachiaria mutica invaded and uninvaded areas of the Oryza grassland 

site as sampled in the 1984 study. This division was made to. assess 

differences in seed banks between invaded (previously Oryza grassland).and 

uninvaded communities. 

The questions that this experiment was designed to address are: 

Q1: What taxa germinate from the seed banks of four grassland communities 
(Brachiaria grassland, Oryza grassland, Hymenachne grassland and 
Pseudoraphis grassland) in 1996? 

Q2: Does Brachiaria mutica (Para Grass) exist in the seed bank? 

0 3: Does germination under flooded or moist conditions influence which taxa 
will germinate? 

04: What patterns can be found in species composition and abundance of 
seedlings emerging from sediment samples? 

05: Do seeds in the seed bank vary spatially within a grassland community? 

Os: Do seed banks vary among different grassland communities? 

Oi Have changes occurred in the seed bank since the 1984 study? 
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The hypotheses generated to test these questions are: 

H1: There is no difference in the total number of seedlings emerging from 
sediment samples collected from within a grassland community on the 
Magela floodplain. 

H2: There is no difference between flooded and moist water regimes in the 
total number of seedlings emerging from sediment samples collected from 
within a grassland community on the Magela floodplain. 

H3: There is no difference in interactions of transects and water regimes in the 
total number of seedlings emerging from sediment samples collected from 
within a grassland community on the Magela floodplain. 

H4: There is no difference in the number of taxa emerging from sediment 
samples collected from within a grassland community on the Magela 
floodplain. 

Hs: There is no difference between flooded and moist water regimes in the 
number of taxa emerging from sediment samples collected from within a 
grassland community on the Magela floodplain. 

He: There is no difference in interactions of transects and water regimes in the 
number of taxa emerging from sediment samples collected from within a 
grassland community on the Magela floodplain. 

H7: There is no difference in the total number of seedlings emerging from 
sediment samples collected from different grassland communities on the 
Magela floodplain. 

Hs: There is no difference between flooded and moist treatments in the total 
number of seedlings emerging from sediment samples collected from four 
different grassland communities on the Magela floodplain. 

Hs: There is no difference in interactions of transects and water regimes in the 
total number of seedlings emerging from sediment samples collected from 
four different grassland communities on the Magela floodplain. 

HlO: There is no difference in the number of taxa emerging from sediment 
samples collected from four different grassland communities on the 
Magela floodplain. 

H11 : There is no difference in the number of taxa emerging from flooded and 
moist treatments from sediment samples collected from four different 
grassland communities on the Magela floodplain. 

H12: There is no difference in interactions of transects and water regimes in the 
number of taxa emerging from sediment samples collected from four 
different grassland communities on the Magela floodplain. 
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Materials and Methods 

Sampling Design for Field Collection of Seed Bank Samples 

Sediment samples were collected to allow spatial variation to be detected 

both within and among plant communities. The methods used were modified 

from a previous study conducted at the same sites as the present study 

(Finlayson et al. 1990). Six sediment cores (53mm diameter and 10cm deep), 

including a spare core, located around the circumference of a 1 m radius circle, 

were collected from each of five replicate sites. The replicate sites were 25m 

apart and located at the ends and apices of W shaped transects (Figure 4.1). 

Three transects were randomly placed in each of four different grassland 

communities (Brachiaria, Oryza, Pseudoraphis and Hymenachne) as defined in 

Chapter two. To ensure randomisation of samples, each transect was 

positioned along a different randomly allocated compass bearing. The cores 

were collected in the dry season between 20-29 November 1995. 

25m 

Figure 4.1 Transect dimensions showing the locations of sediment core collection sites. 
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The corer consisted of a 150mm long piece of pvc pipe (inside diameter 

53mm) that was tapered at one end to minimise soil compaction. A mark 

100mm from the tapered end was made around the circumference of the pipe 

to ensure correct sampling depth. The corer was driven in to the appropriate 

depth using a lump mallet. Two opposing holes were positioned above the 

depth mark to allow corer extraction using a metal bar as a lever (Figure 4.2). 

53mm 

100mm 

\ 

1 

I 
I 

o 

Figure 4.2 Design of pvc corer used to collect sediment samples. 

As seeds were possibly present within soil surface organic matter, this 

material was included in the samples. Each sample was pushed out of the 

corer directly into a labelled calico bag. Calico bags were spread out on 

benches in the glasshouse and left for 24 hours to air dry. Samples were then 

stored at 22°C until March 16 1996 when the 30 samples collected from each 

transect were combined into ten groups of three cores (the six cores from each 

sample circle made up two groups). Each group represented a floodplain area 

of 66 cm2 x 10 cm depth. Groups were then placed into different labelled 

circular trays (25cm diameter x 4cm deep) each lined with absorbent paper. 

The trays were watered, samples were spread to a depth of 2cm and the 

samples were randomly placed on benches in a glasshouse (Plate 4.1). Half of 

the trays from each transect were flooded to a depth of 2 cm over the sample 

(to the top of the tray) and the remaining trays were kept permanently moist. 

Thus, the experiment consisted of 120 trays, 30 trays from each grassland 

community (15 flooded and 15 moist). Twelve additional trays of sterilised 
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were added as controls to assess contamination from weeds and seed 

dispersal between trays. Treatments were maintained by daily additions of tap 

water (total alkalinity 140 mg·' GaGO" conductivity 30 ~S cm·' at 25°G, Ga 20 

mg r' ,Mg 20 mg I·' , (Finlayson et a/. 1990)) using an automated watering 

system. All trays were monitored daily to ensure even watering. 

The experiment was run over a period of 3 I/J months. After six weeks 

seedlings emerging from trays were identified, counted and removed. 

Unidentified seedlings were either potted up and left to further mature or 

marked using map pins for later identification. Trays were scored a second 

time in June 1996. 

As plants were removed representative specimens of each species were 

pressed and lodged as vouchers in the Environmental Research Institute of the 

Supervising Scientist (erl$$) Herbarium. Additional vouchers were lodged at 

the New England Herbarium (NE). 

Plate 4.1 Sample trays randomly placed on benches in the glasshouse just priQ( to 
commencement of the sediment germination trial (March 1996). 
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Data analysis 

Patterns in Grassland Seed Banks 

Absolute value data for each taxa in all samples were analysed using PATN 

(Belbin 1993b). An association matrix was generated using the Bray Curtis 

coefficient and this was used to produce an ordination plot and cluster 

dendrogram. 

Semi-strong hybrid multidimensional scaling (SSH), a non-metric ordination 

algorithm, was used to ordinate data in three dimensions with a maximum of 50 

iterations and 100 random starts. 

Cluster analysis was conducted using flexible unweighted pair grouping using 

arithmetic averaging (UPGMA), (1'1 = -0.1) (Belbin and McDonald 1993). 

Variation Within and Among Grassland Seed Banks 

Taxa found to emerge from each plant community in both flooded and moist 

treatments were examined. Sample distributions of data for individual taxa 

were not normal and transformations of these data failed to homogenise 

sample distributions. Log (x + 1) transformations of the total number of 

seedlings found in transects within grassland communities and among 

grassland communities were effective in normalising sample distributions. 

Species richness (total number of species) data within and among grassland 

communities was found to contain normal sample distributions. ANOVA was 

used to compare differences for both total number of seedlings (Log (x + 1) 

transformed) and species richness between transects, treatments and for 

transect and treatment interactions, within each vegetatton type. These data 

were pooled and differences among grassland communities were also tested. 

The Least Significant Difference (LSD) test was used to identify the exact 

effects of all ANOVA analyses that were significant. 

Comparisons of Grassland Seed Banks Between Years (1984 & 1996) 

Species richness of samples were compared between years for varying plant 

communities and flooded I moist treatments. Taxa emerging from the same 

communities (or equivalent) in different years were also compared. The latter 

comparisons were based on the proportion of the total number of seedlings 

47 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Chapter 4 The Seed Banks: Sediment Germination trial 

emerging from samples collected within their respective communities in each 

year. 

Results 

Q1: What taxa germinate from the seed banks of four grassland communities 
(Brachiaria grassland, Oryza grassland, Hymenachne grassland and 
Pseudoraphis grassland) in 1996? 

Q2: Does Brachiaria mutica (Para Grass) exist in the seed bank? 

In total thirty four taxa emerged from the sediment samples (Appendix G; 

Table 4.1). Twenty nine percent of taxa were found in all grassland 

communities and twenty six percent of taxa occurred in only one vegetation 

type. Three introduced species were recorded, Brachiaria mutica, Heliotropium 

indicum and Phyla nodifJora. Brachiaria mutica emerged from the Brachiaria 

grassland and Hymenachne grassland samples, Heliotropium indicum occurred 

in Brachiaria, Hymenachne and Oryza grassland samples and Phyla nodifJora 

occurred in Oryza grassland samples. 

The Hymenachne grassland samples contained 25 taxa, the Oryza grassland 

samples, 24 taxa, Brachiaria grassland samples, 21 taxa and Pseudoraphis 

grassland samples, 13 taxa. Four species were unique to Oryza grassland 

samples namely, Cyperus aquatilis, Commelina lanceolata, Ludwigia perennis 

and Phyla nodifJora. Hymenachne grassland samples contained the highest 

number of unique taxa, Dentel/a dioeca, Euphorbia vachel/ii, Hydrilla verticillata 

, Hymenachne acutigluma, Ludwigia adscendens and Persicaria sp.. Only one 

species emerged exclusively from the Pseudoraphis grassland samples being, 

Blyxa auberiii and no taxa were unique to the Brachiaria grassland samples. 
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Table 4.1 Total number of seedlings of each taxa emerging (between March and June 96) 
from sediments of four grassland communities on the Magela floodplain germinated under 
flooded and mOist water regimes (8m = Brachiaria grassland, Om = Oryza grassland, Ha = 
Hymenachne grassland, Ps = Pseudoraphis grassland, F = flooded treatment, M = moist 
treatment, * = introduced species) 

Taxa 8m 8m Om Om Ha Ha Ps Ps 
F M F M F M F M 

Blyxa aubertii 7 
Brachiaria mutica* 12 1 
Cyperus aquatilis 2 
C. platystylis 1 129 41 1 
C. serotinus 1 1 1 96 216 1 
Ceratopteris thalictroides 7 18 92 80 2 
Chara spp. 121 45 35 7 
Coldenia procumbens 2 6 9 
Commelina lanceo/ata 2 
Dentella dioeca 29 
Eclipta prostrata 8 20 6 1 
Eleocharis spp. 15 24 10 10 1 23 60 
Eriocaulon setaceum 1 4 19 14 
Euphorbia vachellii 1 
FimbristyJis spp. 3 1 6 8 5 
Glinus oppositifolius 2 3 91 33 801 
Heliotropium indicum* 11 77 1 
Hydrilla verticillata 5 
Hymenachne acutigluma 6 36 
Isoetes coromandelina . 13 238 37 311 1 
Ludwigia adscendens 6 3 
L. perennis 1 1 
Limnophila australis 61 44 40 19 
Maidenia rubra 29 11 30 8 8 14 
Najas spp. 62 3 40 44 6 3 2 
NiteIJa spp. 414 60 138 3 102 14 114 2 
Nymphaea spp. 19 26 6 2 76 72 102 127 
Nymphoides spp. 15 28 11 5 55 155 15 6 
Oldenlandia sp. 1 1 1 
Oryza meridionalis 1 1 1 2 
Persicaria sp. 8 1 
Phyla nodinora* 4 
Pseudoraphis spinescens 2 17 4 117 10 132 
Utricularia spp. 22 1 12 26 9 90 2 
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Variation in Germination Conditions Among Taxa 

03: Does germination under flooded or moist conditions influence which taxa 
will germinate? 

Figure 4.3 shows taxa for which less than fifty seedlings emerged and Figure 

4.4 shows taxa with more than fifty emergents. Four taxa, Blyxa aubertii, 

Ludwigia adscendens, Hydrilla verticil/ata and Chara spp. only emerged under 

flooded conditions. Other taxa, Cyperus platystylis, Najas spp., Nitella spp. and 

Utricularia spp., all emerged in far greater numbers in the flooded treatments 

compared to the moist treatments. 

The following seven species emerged from moist treatments only: Brachiaria 

mutica; Cyperus aquatilis; Coldenia procumbens; Commelina lanceolata; 

Dentella dioeca; Euphorbia vachellii; Phyla nodiflora; and Heliotropium indicum 

(Figures 4.3 and 4.4). Persicaria sp., Hymenachne acutigluma, Fimbristylis 

spp., Eclipta prostrata, Cyperus serotinus, GJinus oppositifolius, Isoetes 

coromandelina, Nymphoides spp., and Pseudoraphis spinescens all emerged in 

greater numbers in moist rather than flooded treatments. 
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Figure 4.3 Total number of seedlings emerging from sediment samples collected in four 
grassland communities on the Magela floodplain and germinated under flooded and moist 
water regimes (species with < 50 emergents) 
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Figure 4.4 Total number of seedlings emerging from sediment samples collected in four 
grassland communities on the Magela floodplain and germinated under flooded and mOist 
water regimes (taxa with> 50 emergents) 

Patterns Within and Among Grassland Seed Banks 

Q4: What patterns can be found in species composition and abundance of 
seedlings emerging from sediment samples? 

Differences (shown above) in the species composition and abundance of 

germination from flooded and moist treatments are confirmed by ordination of 

data (Figure 4.5). In addition grassland communities were clearly separated 

(Figure 4.6). The Pseudoraphis grassland samples were distinctively grouped 

as were Hymenachne grassland samples. Oryza grassland and Brachiaria 

grassland sample trays, on the other hand, overlapped considerably in species 

composition and abundance. 

Principal component correlations did not produce high r-values for any 

individual taxa (r < 0.2), although cluster analysis grouped samples according 

to combinations of taxa. 
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Figure 4.5 Species composition and abundance ordination plot for seedlings emerging from 
sediments collected in four grassland communities under flooded and moist water regimes 
(Bray Curtis: multidimensional scaling stress 0.1764). Distinction between water regimes is 
shown. 
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Figure 4.6 Species composition and abundance ordination plot for seedlings emerging from 
sediments collected in four grassland communities under flooded and moist water regimes 
(Bray Curtis: multidimensional scaling stress 0.1764). Distinction between plant communities is 
shown. 
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Cluster analysis separated samples according to groupings of a few taxa 

(Figure 4.7). The first branch split four Oryza grassland samples under the 

moist water regime and one Hymenachne grassland sample under the flooded 

water regime, from the remaining samples. These samples all had very few 

germinants of any species. The remaining samples were then split into two 

main groups, one containing all of the remaining Oryza grassland samples and 

all but two of the Brachiaria grassland samples, and the other containing most 

of the Hymenachne grassland and Pseudoraphis grassland samples. This 

branch was derived from samples containing Nymphaea spp. in the absence of 

Nitel/a spp. The branch containing the Hymenachne and Pseudoraphis 

grassland samples were split into two groups, one comprised predominantly of 

Pseudoraphis grassland samples containing Glinus oppositifolius, Nymphaea 

spp., and Pseudoraphis spinescens seedlings and the other made up primarily 

of Hymenachne grassland samples with Nymphaea spp., Nymphoides spp. and 

Cyperus serotinus seedlings. 

The branch made up mainly of Oryza grassland and Brachiaria grassland 

samples was divided into two groups according to the presence of Nitel/a spp .. 

One group made up of Oryza and Brachiaria grassland samples, under. a moist 

water regime, contained Isoetes spp. in all samples, but few Nitel/a spp .. With 

the other group containing flooded samples, almost all of which contained 

Nitel/a spp. seedlings. This group was then split into two groups, one of which 

was further divided. One of these consisted mainly of Oryza grassland and 

Brachiaria grassland samples and the other was made up essentially of 

Pseudoraphis grassland samples that contained Nitel/a spp., Nymphaea spp. 

and Nymphoides spp .. 
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Figure 4.7 Dendrogram of Bray Curtis association matrix generated (using UPGMA) from raw 
seed bank data, showing seven groupings according to emergence of a few key species: G1 = 
Few germinants; G2 = Glinus oppositifolius, Nymphaea spp., Pseudoraphis spinescens 
(Hymenachne grassland samples); G3 = Nymphaea spp. Nymphoides spp. Cyperus serotinus 
(Moist Pseudoraphis grassland samples); G4 = Nitel/a spp, Nymphaea spp, Nymphoides spp. 
(Flooded Pseudoraphis grassland samples); G5 = Limnophila australis, Nitel/a spp., Chara spp., 
Najas spp. (Flooded Brachiaria & Oryza grassland samples); G6 = Isaetes coromandelina 
(Moist Brachiaria & Oryza grassland samples) . 
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Variation Within Grassland Seed Banks 

05: Do seeds in the seed bank vary spatially within a grassland community? 

H1: There is no difference in, the total number of seedlings emerging from 
sediment samples collected from within a grassland community on the 
Magela floodplain. 

H2: There is no difference between flooded and moist water regimes in the 
total number of seedlings emerging from sediment samples collected from 
within a grassland community on the Magela floodplain. 

H3: There is no difference in interactions of transects and water regimes in the 
total number of seedlings emerging from sediment samples collected from 
within a grassland community on the Magela floodplain. 

H4: There is no difference in the number of taxa emerging from sediment 
samples collected from within a grassland community on the Magela 
floodplain. 

Hs: There is no difference between flooded and moist water regimes in the 
number of taxa emerging from sediment samples collected from within a 
grassland community on the Magela floodplain. 

He: There is no difference in interactions of transects and water regimes in the 
number of taxa emerging from sediment samples collected from within a 
grassland community on the Magela floodplain. 

Brachiaria grassland 

Differences in the total number of seedlings emerging from sediment samples 

collected in the Brachiaria grassland were found to be significant between 

flooded and moist treatments, but not between transects or for transect and 

treatment interactions (Table 4.2). Moist treatments were found to have 

significantly lower seedling numbers than flooded treatments (Figure 4.8). 

Species richness on the other hand was not found to differ Significantly in 

samples collected from this community (Table 4.3). 

Table 4.2 Summary of ANOVA on total number of seedlings emerging from samples collected 
along three transects in a Brachiaria grassland on the Magela floodplain (Nov 95) and 
germinated under two treatments; flooded and moist conditions (Iog(x+1) transformed data) -
= p < 0.001. 

df Effect I MS Effect I df Error I MS Error I F I . p~level 
Transect 2 0.067 24 0.0487 1.37 0.272 

Treatment 1 0.613 24 0.0487 12.57 < 0.001-
Transect x Treatment 2 0.154 24 0.0487 3.16 0.060 
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Figure 4.8 Number of seedlings (log x + 1 transformed) emerging from Brachiaria grassland 
samples under flooded and moist water regimes (significant differences identified using the 
LSD test (p < 0.05) are indicated by different letters). 

Table 4.3 Summary of ANOVA on species richness of seedlings emerging from samples 
collected along three transects in the Brachiaria grassland on the Magela floodplain (Nov 95) 
and germinated under two treatments; flooded and moist conditions 

Oryza grassland 

No significant difference was found (transects, water treatment, transect and 

treatment) in the total number of seedlings emerging from sediment samples 

collected from the Oryza grassland (Table 4.4). Species richness was found to 

differ significantly between transects and treatments but no transect and 

treatment interaction was found (Table 4.5). Samples collected from transect 

six were found to contain significantly lower species richness than those from 

transects four and five (Table 0.1; Figure 4.9). Samples in the flooded 

treatment were found to be significantly less species rich than those in the 

moist treatment (Figure 4.10) . 
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Table 4.4 Summary of AN OVA on total number of seedlings emerging from samples collected 
along three transects in a Oryza grassland on the Magela floodplain and germinated under two 
treatments; flooded and moist conditions (log(x+1) transformed data) 

Table 4.5 Summary of ANOVA on species richness of seedlings emerging from samples 
collected along three transects in a Oryza grassland on the Magela floodplain (Nov 95) and 
germinated under two treatments; flooded and moist conditions "'* = p < 0.01, *** = P < 0.001 
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Figure 4.9 Species richness of samples collected along three different transects within the 
Oryza grassland and germinated under flooded and moist water regimes (Groups marked by 
the same letter did not differ significantly from one another (LSD test p < 0.05». 
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Figure 4.10 Species richness of samples collected from the Oryza grassland and germinated 
under flooded and moist water regimes significant differences identified using the LSD test (p < 
0.05) are indicated by different letters). 

Hymenachne grassland 

The total number of seedlings emerging from samples collected in the 

Hymenachne grassland differed significantly between transects and between 

treatments (Table 4.6). Further, a transect and treatment interaction was found 

(Table 4.6). Transect nine contained significantly lower numbers of seedlings 

than transects seven and eight (Table 0.2; Figure 4.11). Samples under the 

moist water regime contained significantly more seedlings than those under the 

flooded treatment (Figure 4.12). The transect and treatment interaction effects 

were probably caused by the low numbers of seedlings emerging from the 

flooded treatment of transect nine (Table 0.3; Figure 4.13). Species richness 

differed significantly between transects (Table 4.7), with transect seven found 

to contain significantly more species than transects eight and nine (Figure 

4.14). 

Table 4.6 Summary of ANOVA on total number of seedlings emerging from samples collected 
along three transects in a Hymenachne grassland on the Magela floodplain (Nov 95) and 
germinated under two Treatments; flooded and mOist conditions (log(x+1) transformed data) * = 
p < 0.05, - = P < 0.01 . 
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Figure 4.11 Number of seedlings (log x + 1 transformed) emerging from samples collected 
along three transects in the Hymenachne grassland and germinated under flooded and moist 
water regimes (Groups marked by the same letter did not differ significantly from one another 
(LSD test p < 0.05». 
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Figure 4.12 Number of seedlings (log x + 1 transformed) emerging from Hymenachne 
grassland samples under flooded and moist water regimes (significant differences identified 
using the LSD test (p < 0.05) are indicated by different letters} . 

60 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Chapter 4 The Seed Banks: Sediment Germination trial 

2.2 r---....,....----r-------, ,---........... ---.-------.-----, 

..... ~ ...... . 

. r:; ... . 
·x· .. · 

f 
t ::·nUI·:;'::·:·: 
~ '.6:"@+' 
E .. 
;,n 1.4 .••.••. _: ........ ~ .• ~."w .: •••••••• 

i '2"'~: .... 
~ 1.0 ........ ; ......• ,,~.... . ..• 
Ol " 

~ :: 

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

. ....... ) ........ : ......... : ....... . · . . · . . · . . · . . · . . · . . ........ ~ ........ ~.".""." ": ....... . · . . · . . · . . · . . 
Z 0.8 : : : 

· . . · . . 
T7 T8 T9 T7 T8 T9 

Flooded Treatment Moist Treatment 

TRANseCT 

::r: :i:1.9S*Sld. Err. 
D :i:1.00*Sld. Err. 

C Mean 

Figure 4.13 Transect and treatment interactions found within samples collected along three 
transects within the Hymenachne grassland and germinated under flooded and moist conditions 
(Groups marked by the same letter did not differ significantly from one another (LSD test p < 
0.05)). 

Table 4.7 Summary of ANOVA on species richness of seedlings emerging from samples 
collected along three transects in a Hymenachne grassland on the Magela floodplain (Nov 95) 
and germinated under two Treatments; flooded and moist conditions * = p < 0.05. 
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Figure 4.14 Species richness of samples collected along three different transects within the 
Hymenachne grassland and germinated under flooded and moist water regimes (Groups 
marked by the same letter did not differ significantly from one another (LSD test p < 0.05)) . 
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Pseudoraphis grassland 

A significant difference between moist and flooded treatments was found for 

the total number of seedlings emerging from the Pseudoraphis grassland 

samples (Table 4.8). Moist treatment samples contained significantly more 

seedlings than flooded treatment samples (Figure 4.15). Differences in species 

richness were found to be significant for transects and treatments, but 

treatment and transect interactions were not significant (Table 4.9). Samples 

from transect ten contained more species than transects eleven and twelve 

(Table 0.5; Figure 4.16) and moist transect samples were less species rich 

than flooded samples (Figure 4.17). 

Table 4.8 Summary of ANOVA on total number of seedlings emerging from samples collected 
along three transects in a Pseudoraphis grassland on the Magela floodplain (Nov 95) and 
germinated under two Treatments; flooded and moist conditions (log(x+1) transformed data) ....... 
= p < 0.001. 
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Figure 4.15 Number of seedlings (log x + 1 transformed) emerging from Pseudoraphis 
grassland samples under flooded and moist water regimes (significant differences identified 
using the LSD test (p < 0.05) are indicated by different letters) . 
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Table 4.9 Summary of ANOVA on species richness of seedlings emerging from samples 
collected along three transects in a Pseudoraphis grassland on the Magela floodplain (Nov 95) 
and germinated under two water regimes; flooded and moist .. = p < 0.05, ...... = P < 0.001. 
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Figure 4.16 Species richness of samples collected along three different transects within the 
Pseudoraphis grassland and germinated under flooded and moist water regime~ (Groups 
marked by the same letter did not differ significantly from one another (LSD test p < 0.05». 
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Figure 4.17 Species richness of samples collected from the Pseudoraphis grassland and 
germinated under flooded and moist water regimes (significant differences identified using the 
LSD test (p < 0.05) are indicated by different letters) . 
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Variation Among Grassland Seed Banks 

Qs: Do seed banks vary among different grassland communities? 

Hi There is no difference in the total number of seedlings emerging from 
sediment samples collected from different grassland communities on the 
Magela floodplain. 

He: There is no difference between flooded and moist treatments in the total 
number of seedlings emerging from sediment samples collected from four 
different grassland communities on the Magela floodplain. 

H9: There is no difference in interactions of transects and water regimes in the 
total number of seedlings emerging from sediment samples collected from 
four different grassland communities on the Magela floodplain. 

H1o: There is no difference in the number of taxa emerging from sediment 
samples collected from four different grassland communities on the 
Magela floodplain. 

H11 : There is no difference in the number of taxa emerging from flooded and 
moist treatments from sediment samples collected from four different 
grassland communities on the Magela floodplain. 

H12: There is no difference in interactions of transects and water regimes in the 
number of taxa emerging from sediment samples collected from four 
different grassland communities on the Magela floodplain. 

When samples from each community were pooled, to test for differences 

among communities and water treatments, a significant community and 

treatment interaction was found for the total number of seedlings emerging from 

samples, despite community and treatments not being significant as separate 

factors (Table 4.10). This significant interaction was caused by the within 

community effects of watering regimes in both Brachiaria grassland and 

Pseudoraphis grassland samples (Figures 4.8 and 4.15) and, hence, is not 

relevant to among grassland community variation. 

Table 4.10 Summary of ANOVA on total number of seedlings emerging from samples 
collected in four grassland communities on the Magela floodplain (Nov 95) germinated under 
two water regimes; flooded and mOist (log(x+1) transformed data) (Brachiaria grassland, Oryza 
grassland and, Hymenachne grassland, Pseudoraphis grassland) 

df Effect I MS Effect I df Error I MS Error I F I p-Ievel 
Veg Type 3 0.172 112 0.092 1.87 0.138 
Treatment 1 0.112 112 0.092 1.22 0.271 

Veg type x Transect 3 0.682 112 0.092 7.45 < 0.001*** 
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Species richness was found to differ significantly among communities 

between treatments and for community and treatment interactions (Table 4.11). 

Seed banks of Brachiaria and Hymenachne grasslands did not differ 

significantly in species richness and samples from both communities had 

significantly more species than Oryza and Pseudoraphis grasslands. Emergent 

communities from both the Oryza and Pseudoraphis grassland samples were 

similar in species richness (Figure 4.18). 

More taxa were found to emerge in samples under flooded rather than moist 

regimes (Figure 4.19). The interaction between communities and water 

regimes was due to the moist Brachiaria grassland samples having significantly 

more species than flooded Hymenachne and Pseudoraphis grassland samples, 

while moist Oryza and Pseudoraphis grassland samples had less species than 

all other samples (Table 0.5; Figure 4.20). 

Table 4.11 Summary of ANOVA on species richness of seedlings emerging from samples 
collected in four grassland communities on the Magela floodplain (Nov 95) and germinated 
under two water regimes; flooded and moist. (Brachiaria grassland, Oryza grassland and, 
Hymenachne grassland, Pseudoraphis grassland) - = P <0.01, -- = P <0.001. 
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Figure 4.18 Species richness of seedlings emerging from trays, each representing 66cm2 x 10 
cm deep sediment samples, collected from four grassland communities on the Magela 
floodplain (8m = Brachiaria grassland, Om = Oryza grassland, Ha = Hymenachne grassland 
and Ps = Pseudoraphis grassland) and germinated under flooded and moist water regimes 
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(significant differences identified using the LSD test (p < 0.05) are indicated by different 
letters). 
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Figure 4.19 Species richness of seedlings emerging from trays, each representing 66cm2 x 10 
em deep sediment samples, collected from four grassland communities on the Magela 
floodplain and germinated under two water regimes (flooded and moist) (significant differences 
identified using the LSD test (p < 0.05) are indicated by different letters). 
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Figure 4.20 Community and treatment interactions of species richness of seedlings emerging 
from trays, each representing 66cm2 x 10 cm deep sediment samples, collected from four 
grassland communities on the Magela floodplain (8m = Brachiaria grassland, Om = Oryza 
grassland, Ha = Hymenachne grassland and Ps = Pseudoraphis grassland) and germinated 
under two water regimes (flooded and mOist) (Groups marked by the same letter did not differ 
significantly from one another (LSD test p < 0.05)) . 
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Summary 

Table 4.12 summarises the significant results for total number of seedlings 

and species richness within and among grassland communities. 

Table 4.12 Summary of all results of analyses on total number of seedlings and species 
richness within and among sediment samples collected from four grassland communities on the 
Magela floodplain (8m = Brachiaria grassland, Om = Oryza grassland, Ha = Hymenachne 
grassland, Ps = Pseudoraphis grassland) and germinated under two water regimes (F = 
flooded, M = mOist). 

si!lnificant Effect 8m Om Ha Ps Veg Types 
Total number Transects Ns Ns T9 < T7 I T8 Ns Ns 

of seedlings :::::f.f~~~p.~~~~:::::::::F.::~:~:::::::::::::::::~:~::::::::::::::::::::::~:~f:::::::::::::::::~:~:r::::::::::::::::::::::::::::~:~:::::::::::::::::::: 
Interactions Ns Ns T9 < all Ns 8m F :> 8m M 

Ps F < Ps M 

Species Richness ...... :r.~!:1.~!~~ ............. ~.~ .......... 1?:': . .T.4.!..I.!?. ....... T.~.!..I.~ .. :':.I? ........ n.L:':.:r.'.9 .............. ~!!.I!.ti.~? .. Q.~{J:~ ....... . 
Treatments Ns F > M Ns F :> M F :> M · .... intiiiractICins ............ N·s ...... · ............ N·s ........ · ...... · ........ Ns ...................... ·NS .. · .......... · .............. ·BmM·; .. · ...... · .... .. 

HaF IOmMiPsF IPsM 
Om M < all bar Ps M 
Ps M < all bar Om M 

67 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Chapter 4 The Seed Banks: Sediment Germination trial 

Comparisons of Grassland Seed Banks Between Years (1984 & 1996) 

Q7: Have changes occurred in the seed bank since the 1984 study? 

Due to differences between the present study and that conducted in 1984 

(Finlayson et al. 1990) (duration, sample numbers, timing of sampling and 

experimental starting time), the following comparisons are tentative. 

A total of 33 taxa were recorded in 1984 compared with 34 taxa found in this 

study. Two species were found in 1984 that were not present in 1996, namely, 

Cyperus digitatus and Hygrochloa aquatica. In contrast Brachiaria mutica was 

recorded in 1996 but not in 1984. 

Similar numbers of species were found to emerge from flooded treatments in 

both years (Figure 4.21), although the Hymenachne grassland samples in 1984 

contained slightly more species than those in 1996. A vast difference in 

species richness of the moist treatments could be seen. Oryza grassland 

samples in 1984 contained more species than the equivalent (Brachiaria 

grassland and Oryza grassland) samples in 1996. The number of species in 

moist treatments of both Hymenachne and Pseudoraphis grassland samples in 

1996 were also reduced but the difference was not as great. 
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Figure 4.21 Species richness of seedlings emerging from sediment samples collected from the 
same sample sites on the Magela floodplain in 1984 and 1995 and germinated under two water 
regimes (flooded and moist)(Top 1984 Om = Oryza grassland, Ha = Hymenachne grassland, 
Ps = Pseudoraphis grassland; Bottom 1996 Bm = Brachiaria grassland, Om = Oryza grassland 
(Bm + Om = Om 1984), Ha = Hymenachne grassland, Ps = Pseudoraphis grassland). 

Data on all taxa were not published for the 1984 study, consequently 

comparisons of taxa can only be made with those that were documented. Data 

published from the 1984 study were presented in the form of calculated 

seedlings m·2, and these calculations were also conducted for the present 

study in order to facilitate comparisons (Appendix E). Examination of the 

proportions of each taxa that emerged from the grassland communities in 1984 

and 1996 for both flooded and moist treatments, showed several overlaps . 
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Taxa Emerging from Oryza Grassland Samples in 1984 & 1996 

Ceratopteris thalictroides, Eleocharis spp., Eriocaulon setaceum, Glinus 

oppositifolius, Heliotropium indicum, Isoetes coromandelina, Limnophila 

australis, Maidenia rubra, Najas spp. and Oryza meridionalis overlapped among 

the Oryza grassland samples in 1984 and Brachiaria and Oryza grassland 

samples in 1996 (Figure 4.22). Differences in proportions of seedlings of these 

species were found between years and treatments. Ceratopteris thalictroides, 

Heliotropium indicum, Isoetes coromandelina and Najas spp. were found to 

emerge in higher numbers in 1996 than in 1984. Conversely, Maidenia rubra, 

Limnophifa australiS, Eriocaulon setaceum and Oryza meridionalis were 

proportionally more abundant in 1984 samples (compared to 1996 samples). 

Eleocharis spp. and Glinus oppositifolius were found in similar proportions in 

samples from both years 
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Figure 4.22 Proportions of total seedlings (calculated 1 m·2) that each species made up in 1984 
Oryza grassland samples (OM84), 1996 Oryza grassland samples (Om9S) and 1996 Brachiaria 
grassland samples (Bm9S) in flooded (F) and moist (M) treatments.(only species overlapping in 
occurrence between years are shown) . 
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Taxa Emerging from in Hymenachne Grassland Samples in 1984 & 1996 

Taxa found to emerge from samples in both 1984 and 1996 included 

Fimbristylis spp., Glinus oppositifolius, Heliotropium indicum, Hymenachne 

acutigluma, Najas spp., Nymphaea spp., Pseudoraphis spinescens, and 

Utricularia spp. (Figure 4.23). 

Fimbristylis spp., Heliotropium indicum, Najas spp., and Pseudoraphis 

spinescens made up greater proportions of seedlings in 1984 compared to 

1996. Hymenachne acutigluma and Glinus oppositifolius were found to emerge 

in greater proportions in 1996. While Nymphaea spp. differed in proportion 

between years in flooded and moist treatments and Utricularia spp. was found 

in similar proportions in both years. 
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Figure 4.23 Proportions of total seedlings (calculated 1 m-2
) that each species made up in 1984 

Hymenachne grassland samples (HA84) , 1996 Hymenachne grassland samples (HA96) in 
flooded (F) and moist (M) treatments.(only species overlapping in occurrence between years 
are shown). 
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Taxa Emerging from Pseudoraphis Grassland Samples in 1984 & 1996 

Eleocharis spp., Glinus oppositifolius, Najas spp., Nymphaea spp., 

Pseudoraphis spinescens, and Utricularia spp. were all found to emerge from 

samples collected from the Pseudoraphis grassland site in both years (Figure 

4.24). 

Najas spp. and Pseudoraphisspinescens were found in higher proportions in 

1984 compared to 1996, while Glinus oppositifolius, Nymphaea spp., Utricularia 

spp. and Eleocharis spp. emerged in higher proportions in 1996. 
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Figure 4.24 Proportions of total seedlings (calculated 1 m·2
) that each species made up in 1984 

Pseudoraphis grassland samples (PS84), 1996 Pseudoraphis grassland samples (PS96) in 
flooded (F) and moist (M) treatments.(only species overlapping in occurrence between years 
are shown). 
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Discussion 

Grassland Seed Banks in 1996 

Wetland taxa found to emerge from the seed bank can be divided into three 

groups according to their germination: taxa that germinate under flooded 

conditions; taxa that germinate under moist conditions; and taxa that germinate 

under both flooded and moist conditions. Blyxa auberlii, Ludwigia adscendens, 

Hydrilla verticil/ata, Chara spp., Cyperus platystylis, Najas spp., Nitel/a spp. and 

Utricularia spp. all germinate in higher numbers under flooded conditions 

(compared to moist). In contrast, Cyperus aquatilis, Coldenia procumbens, 

Commelina lanceolata, Dentel/a dioeca, Euphorbia vachel/ii, Phyla nodiflora and 

Heliotropium indicum germinate better under moist conditions. All other 

recorded taxa emerged in similar numbers regardless of whether they 

experienced flooded or moist water regimes (Figures 4.3 & 4.4). 

Groupings of the aquatic taxa, Nitella spp., Nymphaea spp., Isoetes 

coromandelina, Najas spp., Nymphoides spp., Cyperus serotinus and 

Umnophila australis were the main influences in patterns found among samples 

(Figures 4.6 & 4.7). Glinus oppositifolius, a mudflat species, also influenced the 

patterns that were found. Distinct differences in species composition and 

abundance between treatments were caused by the emergence of more 

aquatic taxa in the flooded treatments compared to moist treatments (Figure 

4.5). Charophytes played a major role as large numbers of oospores were 

present in flooded samples from all communities (Table 4.1). 

Hymenachne and Pseudoraphis grassland seed banks differed from 

Brachiaria and Oryza grassland seed banks as few Nymphaea spp. seedlings 

emerged from seed banks of the latter two communities. Differences between 

Pseudoraphis and Hymenachne grassland seed banks were attributed to the . 

combination of Nymphoides spp. and Cyperus spp. emerging in Hymenachne 

grassland samples. 

Species composition and abundance of Oryza and Brachiaria grassland 

samples were similar although partitions between treatments were found. This 

was caused by the presence of Nitel/a spp. seedlings in flooded samples and 
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Isoetes coromandelina seedlings in moist samples. High numbers of the latter 

species in moist samples may indicate germination conditions required by this 

species. The similarities in species composition between seed banks of Oryza 

and Brachiaria grasslands are not surprising as the Brachiaria grassland exists 

on a site which, prior to 1989, was Oryza grassland. 

Brachiaria mutica seeds emerged from both Brachiaria and Hymenachne 

grassland samples, indicating that these seeds are widely dispersed on the 

floodplain. However, these seeds were not found in the adjacent Oryza 

grassland or Pseudoraphis grassland samples. Seeds of this species could be 

present in these communities in lower numbers (than in Hymenachne and 

Brachiaria grasslands) because reduced vegetation cover in Oryza and 

Pseudoraphis grasslands, during the dry season, allows seed predation by 

providing easier access to seeds. If this was the case, sample size and 

intensity may not have been large enough to detect these seeds. 

Species richness and total number of seedlings in Hymenachne grassland 

samples and species richness among both Oryza and Pseudoraphis grasslands 

differed between transects, these results indicate a heterogeneous distribution 

of seeds within sediments of the Magela floodplain. As this difference was 

noted for both seedling numbers and species richness in the Hymenachne 

grassland, seeds may be more variably distributed within sediments of this 

community (Table 4.12). This is consistent with species in the extant vegetation 

as the Hymenachne grassland was found to have the most species rich and 

diverse extant vegetation of the four communities (Figures 3.2 & 3.S). 

Moist samples yielded the highest numbers of seedlings for Hymenachne and 

Pseudoraphis grasslands, whereas, flooded Brachiaria grassland samples 

yielded more seedlings for this particular community. These contrasting trends 

led to significant community and water regime interactions for the total number 

of seedlings emerging among communities (Table 4.10). These differences 

can be attributed to high numbers of just a few species. The flooded Brachiaria 

grassland samples had higher total seedling numbers because of the many 

Nitella spp. and Chara spp. seedlings emerging in these samples (Table 4.1). 

Similarly, the greater total number of seedlings emerging from moist 
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Hymenachne grassland samples were a result of the high number of Cyperus 

serotinus, Nymphoides spp., Nymphaea spp., Pseudoraphis spinescens and 

Glinus oppositifolius seedlings in these samples. The latter three taxa are 

responsible for the same trend in Pseudoraphis grassland samples. 

Species richness in the seed bank was more indicative of observations in the 

extant vegetation than seedling numbers emerging from sediment samples, 

with both Oryza and Pseudoraphis grassland samples having greater species 

richness when flooded than under a moist water regime. The significantly 

higher species richness in Brachiaria and Hymenachne grassland samples, 

compared to Oryza and Pseudoraphis grassland samples, may reflect the 

morphological form and perennial habit of the two grass species that dominate 

these communities. Thompson (1992) noted that floating seeds are trapped by 

emergent vegetation. Both Brachiaria mutica and Hymenachne acutigluma are 

emergents that tend to grow in thick clumps. Therefore, these species could 

easily trap seeds dispersed during the wet as they float down the floodplain. 

Similarly, airborne seeds dispersed during the dry season could also be 

trapped. The perennial habit of these two species may also provide a non­

desiccating environment during the dry as the thick vegetation cover over the 

whole year reduces fluctuations in soil temperature, thus providing better 

conditions for seed survival (Murdoch and Ellis 1992). Similarly, the clumping 

growth form of both Brachiaria mutica and Hymenachne acutigluma reduces 

light reaching the soil surface (and seeds). Light has been shown to playa 

major role in breaking the seed dormancy of many species (Pons 1992), thus 

the reduced light in these communities could inhibit germination of seeds. 

Furthermore, the topographic position of these communities may also playa 

role. Both Brachiaria mutica and Hymenachne acutigluma occur in sites of 

intermediate inundation compared to the remnant Oryza and Pseudoraphis 

grassland sites, which occur on the edge and in deeper sections of the 

floodplain respectively. This supports Grime's (1973) suggestion that harsh 

environmental conditions generate low species diversity . 

The interaction between plant community and water regime was a result of 

higher species richness in moist Brachiaria grassland samples, compared to all 
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other samples, and low species richness in both Oryza and Pseudoraphis 

grasslands, under moist water regimes (Figure 4.20). Extremely high species 

richness in Brachiaria grassland samples may be a result of the recent changes 

in extant vegetation in this community. This sample site still contains the suite 

of seeds from the Oryza community that previously occupied the site (Maps 3.2 

& 3.3). Further, thick vegetation cover of Brachiaria mutica all year round traps 

seeds (Thompson 1992), while reducing recruitment from the seed bank. 

These factors contribute to a larger soil seed bank in this community. 

Comparisons of Grassland Seed Banks Between Years (1984 & 1996) 

The marked difference in species richness of Oryza grassland samples in 

1984 and 1996 is not easily explained (Figure 4.21). It is possible that the 

small number of samples taken in 1984 could have been collected from a 

particularly species rich location within the Oryza grassland. In addition, 

differences between timing and duration of experiments in 1984 and 1996 

could effect these results. The remnant Oryza grassland site sampled for the 

current study was located on the edge of the floodplain, as Brachiaria mutica 

has invaded the deeper parts of this community. This could reflect the habitat . 
requirements of Brachiaria mutica. It is possible that the water regime toward 

the edge of the floodplain inhibits Brachiaria mutica from establishing. The 

habitat requirements of Brachiaria mutica have not been fully established and 

the water regimes that facilitate establishment and survival of this species may 

also differ, that is, once established Brachiaria mutica may be able to survive in 

environments with less water. 

Comparison of the proportions of individual species occurring in each 

community between years gave varying results. Higher proportions of Oryza 

meridionalis, Eriocaulon setaceum, Limnophila australis, Fimbristylis spp., 

Maidenia rubra, and Pseudoraphis spinescens were found in samples from 

1984 compared to those in 1996. While Isoetes coromandelina, Glinus 

oppositifolius, Nymphaea spp., Utricularia spp. and Eleocharis spp. made up a 

greater proportion of seedlings emerging from 1996 samples compared to 

those from 1984. 
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The duration of experiments could have considerably influenced the 

proportions of species emerging from sediments. This factor has been 

suggested to effect seed bank estimates by several authors (Benoit et al. 1989; 

Warr et al. 1993; Britton and Brock 1994). In addition dormancy of seeds could 

have been induced in this study by drying samples at the time of onset of 

flooding in November 1995. This study was conducted over 3 1/2 months, 

whereas the previous study monitored germination from samples over 10 

months. The presence of seed dormancy may have resulted in seeds requiring 

longer than 3 1/2 months to germinate. This is particularly relevant to 

Pseudoraphis spinescens as seeds of this species were previously found to 

continue germinating after 10 months (Finlayson et al. 1990), and they made 

up a considerable proportion of the seedlings emerging in the previous study 

(Figures 4.23 & 4.24). In any case, these results illustrate the variability in 

covert vegetation on the floodplain, and may indicate that the contribution of 

seed banks to the extant vegetation varies in different years. As seed banks 

reflect seed production of previous years, the proportions of seedlings found in 

each year could be an artefact of seed production due to variation in rainfall in 

the years leading up to each study. The wet season prior to sample collection 

for this study was unusually long and rainfall for the year was above average 

(3700mm), this could explain why all but one of the taxa found to make up 

higher proportions of seedlings in 1996 compared to 1984 were aquatic taxa. 
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Introduction 

The seed banks of most plant communities are expected to contain more 

species than extant vegetation, as seed banks commonly reflect vegetation 

from previous times (Roberts 1981). Several studies have examined the 

relationships between freshwater tidal wetland seed banks and extant 

vegetation and, contrary to expectations, these seed banks have been found to 

mirror extant vegetation in species composition and abundance (Parker and 

Leck 1985; Leck and Simpson 1987; Leck and Simpson 1995). This is 

considered to be a result of the large proportion of annual species, and the 

reduced numbers of grass and sedge species, in such communities (Leck and 

Simpson 1995). 

Grillas et al. (1993) studied a marsh in southwestern Spain and found 

significant correlations between seed bank and extant vegetation in species 

composition and abundance. However, this relationship failed to apply to 

Charophyta, for although oospores were abundant in samples, charophytes 

were not present in the extant vegetation of all areas sampled (Grillas et a/. 

1993). 

Hydrological patterns establish the role seed banks play in vegetation 

dynamics (Leck 1989). Prairie marshes in North America have been shown to 

rely on seed banks for regeneration of mudflat and emergent species during 

drought, and recruitment of submersed aquatics during periods of normal 

rainfall (van der Valk and Davis 1979). In habitats where the drawdown cycle 

is annual (eg. vernal pools & monsoonal floodplains), more complex 

relationships between seed banks and extant vegetation have been found 

(Gopal 1986; Zedler 1987). Zedler (1987) hypothesised that variation in pool 

water level contributes to seed bank and vegetation diversity in vernal pools. 

Gopal (1986) suggested that two seasonally delimited communities develop in 

monsoonal climates, one adapted to inundation and the other to drawdown, 

both contributing and recruiting from the seed bank. 

Finlayson et al. (1990) applied flooded and damp water regimes to sediment 

samples from Hymenachne, Oryza and Pseudoraphis grasslands of the Magela 

floodplain with the objective of finding relationships between seed banks and 
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extant vegetation of each community. Pseudoraphis grassland seed banks 

were found to closely resemble the vegetation of this community. Hymenachne 

grassland seed banks, on the other hand, did not closely resemble extant 

vegetation. Hymenachne acutigluma made up <2% of seedlings emerging from 

sediments collected in the Hymenachne grassland compared with 

Pseudoraphis spinescens which comprised 72% of emergent seedlings. 

However, Pseudoraphis spinescens was not prominent in the extant vegetation 

of the Hymenachne grassland, therefore, it was suggested that Pseudoraphis 

spinescens seed had been transported downstream from the Pseudoraphis 

grassland to the Hymenachne grassland. Seed transport may therefore be an 

important factor influencing vegetation patterns (Finlayson et a/. 1990). It was 

also noted that just prior to the study in 1984 (Finlayson et a/. 1990) that the 

Hymenachne grassland was inhabited by a population (unknown size) of feral 

buffaloes and this could have been, in part, responsible for the lack of 

Hymenachne acutigluma seed within sediment samples, as grazing buffalo may 

have prevented this species from flowering. Oryza grassland seed bank 

samples were found to contain more seedlings than seed bank samples from 

other communities, although not all species found in the extant vegetation of 

this community were represented in the sediment samples. It was suggested 

that the observed unevenness of species composition in these sediment 

samples was a result of the dominance of annual species in extant vegetation 

of the Oryza grassland (Finlayson et al. 1990). Predictions of vegetation 

succession on the Magela floodplain from this study alone were not possible 

due to the lack of correspondence between seed bank results and vegetation 

survey data. 

The current study was conducted on the same sample sites as those of 

Finlayson et al. (1990) and aimed to collect more detailed data on sediment 

seed banks and extant vegetation of these sites thus clarifying relationships 

and allowing comparisons between the studies . 
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The questions addressed in this chapter are: 

Q1: Is there a correlation between species composition of sediment samples 
(determined by germination) and the extant vegetation from which they 
came? 

Q2: Is there a correlation between species composition and abundance of 
sediment samples (determined by germination) and the extant vegetation 
from which they came? 

The hypothesis generated to test this is: 

H1: There is no difference in the species composition and abundance of extant 
vegetation and seed banks. 

Methods and Analyses 

Simple comparisons of species presence between extant vegetation (Chapter 

3) and seed bank data (Chapter 4) were made for each of the four plant 

communities studied. More complex comparisons were made using the Mantel 

test and modified Rand test to compare results from multivariate analyses of 

these data. The Mantel test compared association matrices of vegetation data 

and seed bank data (Appendix B: refer to disk provided) using Pearsons 

product moment correlation coefficient (Belbin 1993a). An original correlation 

was made, then one association matrix (vegetation survey) was randomised 

10,000 times. Each randomisation was correlated to the sediment germination 

matrix (held constant). These values were compared to the original r value to 

determine if this correlation occurred purely by chance. 

Groupings identified from cluster analyses of the vegetation survey (Figure 

3.2) and sediment germination (Figure 4.7) data were compared using the 

RIND sub-routine in PATN. This method is based on the modifications of the 

Rand statistic made by Hubert and Arabie (1985). It returns a 

Hubert/ArabielRand statistic ranging from a value of zero, implying chance 

levels of associations to one, indicating a perfect correlation (Belbin 1993a). 
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Results 

Q1: Is there a correlation between species composition of sediment samples 
(determined by germination) and the extant vegetation from which they 
came? 

More taxa germinated from sediment samples than were found in the extant 

vegetation of each plant community (Table 5.1) and many of the taxa 

germinating from sediment samples were not found at all in the vegetation 

survey. These included Blyxa aubertN, Ceratopteris thalictroides, Chara spp., 

Commelina lanceolata, Cyperus aquatilis, Cyperus serotinus, Eriocaulon 

setaceum, Hydrilla verticillata, Limnophila australis, Ludwigia perennis, 

Maidenia rubra, Nitella spp. and Oldenlandia sp. Of these taxa, Nitella spp., 

Chara spp. and Cyperus serotinus were found to emerge from sediment 

samples of all communities. Blyxa aubertii, Hydrilla verticillata and Ludwigia 

perennis were each found in only one community. Eriocaulon setaceum, 

Isoetes coromandelina and Limnophila australis emerged only from samples 

collected at Brachiaria and Oryza grassland sites and Maidenia rubra was 

found in all samples but those from the Pseudoraphis grassland. 

Five species occurred in the vegetation survey that were not found to 

germinate from the sediments namely, Azolla pinnata, Salvinia molesta, 

Hygrochloa aquatica, Merremia gemella and Ipomoea aquatica. 
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Table 5.1 Species occurring in extant vegetation (wet and dry season) and emerging from sediment seed bank (moist and flooded water regimes) of four 
grassland communities on the Magela floodplain (communities are defined in Chapter 2). 

Brachiari.a grassland Oryza grassland Hymenacflna grassland Psaudorapjlis grassland 
Taxa Extant Vegetation Seed bank 

Dry Wet Moist Flooded 
Extant Vegetation i Seed bank 

Dry Wet' Moist Flooded 
EKtant Vegetation Seed bank 

Dry Wet Moist Flooded 
Extant Vegetation i Seed bank 

Dry Wei i Moist Flooded 
Azolla Dinnata 
Blyxa aubertii 
Brachiaria mutica' 
Ceratopteris thalictroides ./ ./ ./ ./ 

Chara SOD. 

Co/dania DfOcumbens 
CommeHna /ancao/ata 
Cvperos aauatiJis 
CYf)eros IJ/a/vstv/is 
Cvoerus serotinus ./ ./ 

Dantella dioaca 
EcUTJla DfOstrata 
Beocharis SoD. 
Eriocaulon setaceum ./ ./ ./ ./ 

EuTJhorbia vachaNii 
Fimbristvlis SOD. ./ ./ 

GHnus oppositifolius 
HaliotroDium indicum" 
Hydrilla verticillata 
HVQfDch/oa aauatica 
Hvmenachne acuti[:juma 
Ipomoea aauatica 
Isoetes coromandelina ./ ./ ./ ./ 

LimnOlJhila austraHs ./ ./ ./ ./ 

Ludwicia adscendens ./ ./ 

Ludwkia perennis ./ ./ 

Makienia robra ./ ./ ./ ./ ./ ./ 

Memmia aeme/la 
Naiassoo. ./ ./ ./ ./ 

WdeHaSDD. ./ ./ 

Nvmohaea SDD. 
Nvmohoides SoD. ./ ./ 

O/denlandla ~ 
Orvza meridionaBs 
Persicaria SOD. 

Phvla nodillora" 
PseudoraDhis stJinescens 
Salvinia moIesta 
Utlicularia SJ;!/:!. 
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Q2: Is there a correlation between species composition and abundance of 
sediment samples (determined by germination) and the extant vegetation 
from which they came? 

H1: There is no difference in the species composition and abundance of extant 
vegetation and seed banks. 

The original correlation between association matrices of extant vegetation 

and seed bank germination data generated an r value of 0.245 indicating a 

poor correlation between association matrices. One hundred percent of the 

randomised values were less than or equal to this original value indicating that 

this correlation was significant and did not occur purely by chance. 

To compare the groupings of cluster analyses of extant vegetation and seed 

bank data the RIND sub-routine in PATN generated a contingency table (Table 

5.2). Vegetation survey partitions are presented in rows and sediment seed 

bank germination partitions are presented in columns. The values appearing 

off the shaded diagonal line indicate the level of miss-match between the two 

cluster analyses. The diagonal total shows that there was 44% overlap in the 

contingency table. The Hubert/Arabie/Rand statistic found was 0.1986,- a lower 

result to the r value of the Mantel test (0.245). Indicating that there is little 

correlation between the two classifications. 

Table 5.2 Contingency table produced by RIND sub-routine in PATN for comparison of 
vegetation survey and sediment germination classifications of four grassland vegetation types 
on the Magela floodplain; Hubert/Arabie RAND statistic = 0.1986; Diagonalltotal = 53/120 = 
0.4417 
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Discussion 

This study has shown that the seed banks of the Magela floodplain 

grasslands, like other systems, contain greater species richness than extant 

vegetation (Roberts 1981). One would expect seed banks of the Magela 

floodplain to contain species which have occurred as extant vegetation in 

previous years as well as those species which appear at different times 

throughout the same year. This was best illustrated by the observed 

differences in the Brachiaria grassland which contains extant vegetation with 

few species, but a seed bank containing more species than other grassland 

communities. Reasons for such high species richness in the seed bank of this 

community were discussed in Chapter 4. 

Five species were found in extant vegetation of grassland communities that 

were absent from seed banks: Azalia pinnata; Salvinia mo/esta; Hygrochloa 

aquatica; Merremia gemella; and Ipomoea aquatica. Azolla pinnata and 

Salvinia molesta were not expected to emerge from sediments as they have not 

been reported to produce fertile spores in Australia (Sainty and Jacobs 1981) 

and vegetative propagules would have been killed by drying samples .. Only a 

few specimens of Hygrochloa aquatica were recorded in extant vegetation. The 

rarity of this species in study sites is reflected in its absence from sediment 

germination samples. The absence of Merremia gemella and Ipomoea 

aquatica in germination trays may be explained by poor seed set or seed 

dormancy as these species were more common in extant vegetation than 

Hygrochloa aquatica. 

Several taxa found in extant vegetation of particular communities, were 

absent from their representative seed banks. This may reflect the low 

frequency with which these taxa occur in a given community. Examples include 

Hymenachne acutigluma and Ludwigia adscendens found in the Brachiaria 

grassland, and Oryza meridionalis found in the Hymenachne grassland. These 

species occurred in low numbers in extant vegetation and were absent from 

sediment samples. Euphorbia vachellii, on the other hand was quite common in 

extant vegetation of the Oryza grassland during the dry season, yet it too was 
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absent in sediment samples of this community. This result may be due to seed 

dormancy or unfavourable conditions for germination in the glasshouse. 

Many aquatic taxa found in the seed bank were not observed in extant 

vegetation. However, greater numbers of these taxa may occur in extant 

vegetation during the wet season than otherwise indicated by the vegetation 

survey (Chapter 3) as the presence of crocodiles on the floodplain limited 

sampling of submerged vegetation during this season. The common 

occurrence (in sediments) of Nitella spp., Chara spp., Cyperus serotinus and 

Maidenia rubra is more than likely a reflection of the high seed and oospore 

production of these taxa. It is likely that Blyxa aubertN, Hydrilla verticil/ata and 

Ludwigia perennis occur infrequently in the study sites as they were each only 

found emerging from one community and were absent from extant vegetation. 

Finlayson et al. (1990) found species composition and abundance of the 

Pseudoraphis grassland seed bank to closely resemble extant vegetation in 

this community, but found poor relationships between extant vegetation and 

seed banks of the Hymenachne and QlYza grasslands. In contrast, this study 

found species composition of the Hymenachne grassland seed bank to be 

more closely related to extant vegetation than other grassland seed banks were 

to their respective extant vegetation (Table 5.1), although this relationship did 

not hold for species abundance. This result may reflect the ability of the 

Hymenachne grassland to sustain a variety of taxa in the extant vegetation late 

into the dry season, as this community undergoes less dramatic seasonal water 

fluctuations than other communities (ie. drawdown takes longer). 

Finlayson et al. (1989) suggested that duration of inundation played an 

important role in structuring vegetation. They reported that areas of the 

floodplain inundated for approximately five months each year had greater 

fluctuations of species composition in extant vegetation than those inundated 

for three months (Finlayson et al. 1989). This may be due to the greater length 

of time available for individual species to germinate, grow and reproduce. The 

availability of water for this extended period may enable more species to 

complete their life-cycles and as a result, more species rich communities are 

found in the sediments of these areas . 
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Correlations of species composition and abundance between extant 

vegetation and sediment seed bank data of this study were poor. Although the 

above analyses show that this relationship did not occur purely by chance. The 

lack of correlation between extant vegetation and seed banks is probably due 

to the occurrence of high numbers of submerged aquatic taxa emerging from 

sediment samples (Chapter 4). 

The timing of vegetation survey could also be one reason stronger 

correlations were not found. Finlayson et al. (1989) noted that many species 

are recruited from the seed bank at the start and end of the wet season, just 

before flooding and drying of the floodplain. It is possible that the Brschisris, 

Oryza and Pseudoraphis grasslands contain many of the taxa found to emerge 

from sediment samples as extant vegetation during this period of time only. If 

this is the case, the vegetation surveys in this study would not have found 

these taxa, as surveys were conducted late in the dry season, before rain had 

commenced, and during the wet season after flooding had occurred. To further 

investigate this, emergence of seedlings would need to be monitored in the 

field during different times of year while study sites were inundated to different 

water levels. 

Alternatively, it is possible that seeds of the taxa found to emerge in 

germination triats from samples taken in the Bra ch ia ria , Oryza and 

Pseudoraphis grassland sites, but not observed in the extant vegetation, were 

transported to these grassland communities from elsewhere. These taxa may 

not be able to grow and reproduce in these communities as conditions are not 

suitable. Regardless of these possibilities, the poor correlations found in this 

study indicate that other factors may be contributing to the vegetation dynamics 

on the floodplain. For example, it is recognised that vegetative reproduction 

plays a role in the vegetation dynamics of the Magela floodplain (Finlayson et 

al. 1989; 1990). 

The sediment seed bank germination trial did not account for vegetative 

reproduction and the lack of correlation between extant vegetation and seed 

banks indicate that it may be a significant feature of the vegetation dynamics in 

this ecosystem. The lower numbers of grass seeds found to emerge in this 

study, compared to the 1984 study, would suggest that the importance of 
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vegetative reproduction varies from year to year. This may be related to the 

effect of rainfall patterns upon seed production of dominant species of the 

grassland communities on the Magela floodplain. 
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Chapter 6 The Grasses: Seed Production and Viability 

Introduction 

To date no quantitative data on seed production of the dominant grass 

species investigated in this study has been published. However, research into 

Oryza meridionalis is currently being conducted (Wurm 1996) and seed 

production of Brachiaria mutica has been assessed qualitatively (Cameron 

1991). Data on the production of flowering culms and florets per inflorescence, 

for each species investigated through this study, adds to previously published 

information on biomass and nutrient composition of these species (Cameron 

1991; Finlayson 1991). These data help place vegetation survey and sediment 

germination data (presented in previous chapters) into perspective by 

supplying relative estimates of potential seed input into the seed bank. 

Information of this kind is vital to understanding the vegetation dynamics of the 

Magela floodplain. 

In addition to sediment germination experiments (Chapter 4), seed banks can 

be quantified by conducting direct seed counts from soil cores. Direct seed 

counts are not commonly conducted in seed bank experiments (Warr et al. 

1993). This is probably due to the labour requirements of such experiments . 

Nevertheless, this technique has the advantage over emergence techniques 

(Chapter 4) of allowing seed numbers to be estimated in a shorter time period 

(Roberts 1981). Several problems are encountered, however, including 

difficulties in seed extraction and the assessment of seed viability. Seed 

extraction is usually conducted by means of washing samples through a series 

of sieves with successively smaller pore sizes. Many wetland species have 

very small seeds «1 mm) and the difficulty in extracting seed is probably the 

main reason seed counts (from soil cores) have not been extensively used in 

studies on wetlands. Once extracted, there is no assurance that all seeds are 

viable. Viability can be assessed using tetrazolium chloride (outline below), but 

this requires large numbers (>100 preferably 400) of undamaged seeds and in 

many cases only the most abundant species can be assessed in this way . 

Viability data on the grass species that dominate the Magela floodplain was 

sought to provide information on germinability and dormancy of seeds collected 

from each species. Tests of germinability and viability on seed of tropical 
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pasture species are common (de Andrade et a/. 1983), but such information on 

tropical grass species (not used in pastures) is unavailable (Simpson 1990). 

Several methods exist to test seed viability, the most direct method is testing by 

germination of seeds. 

There are several problems associated with direct germination tests. Firstly, 

seeds from a sample may have different germination requirements due to 

variations in genetic make up or stages of maturity (Mackay 1972). Similarly, 

different species may require different germination conditions, or have 

dormancy mechanisms (Fenner 1985). To overcome these problems this study 

used a tetrazolium chloride test to assess viability of seeds that did not 

germinate as a result of a direct germination trial. 

The abovementioned test involves treating seeds with a solution of colourless 

tetrazolium chloride. Once imbibed by the seed, dehydrogenase enzymes of 

living tissues reduce the tetrazolium to red formazin. Formazin is immobile in 

plants and remains within the cells in which it is formed. Thus, seeds with 

living embryos stain red. Some difficulties can arise when interpreting the 

results of tetrazolium tests as in many cases only part of an embryo stains. 

This is further complicated as seeds of different plant families have been 

shown to stain differently (Moore 1985). Families containing species of 

agronomic importance have been extensively tested using tetrazolium chloride 

stain and providing the same techniques are used to interpret seeds from the 

same family, tetrazolium tests generate good comparative data among species 

(Moore 1985). Tetrazoluim tests on seeds of the species investigated in this 

study have not previously been conducted. 

Direct germination of Brachiaria mutica seed was investigated by Maclean 

and Grof (1968). They found higher numbers of scarified (acid washed) seeds 

to germinate compared to untreated seeds (Maclean and Grof 1968). 

Therefore concluding that seed dormancy in Brachiaria mutica was due to an 

impermeable seed coat (Maclean and Grof 1968). Similar results have been 

found for Oryza meridiona/is (Wurm 1996). Germination of untreated Brachiaria 

mutica seeds were found to exceed the minimum Australian primary industries 
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standard of 15% by both Wesley-Smith (1973) and Cameron (1991) and high 

proportions of florets were found to set seed (qualitative data) (Cameron 1991). 

The questions addressed in this chapter are: 

01: What is the potential seed production m"2 of Brachiaria mutica, Oryza 
meridiona/is, Hymenachne acutigluma and Pseudoraphis spinescens in 
their respective vegetation types? 

02: What is the density of Brachiaria mutica and Oryza meridionalis seeds in 
the seed bank? 

03: What is the viability of Brachiaria mutica, Oryza meridiona/is, Hymenachne 
acutigluma and Pseudoraphis spinescens seeds? 

The hypotheses generated to test these questions are: 

H1: There is no difference in the numbers of flowering culms m"2 produced by 
Brachiaria mutica, Oryza meridionalis, Hymenachne acutig/uma and 
Pseudoraphis spinescens in their respective vegetation types. 

H2: There is no difference in the number of florets per inflorescence produced 
by Brachiaria mutica, Oryza meridiona/is, Hymenachne acutig/uma and 
Pseudoraphis spinescens. 

H3: There is no difference in the germinability of seeds of Brachiaria mutica, 
Oryza meridiona/is, Hymenachne acutigluma and Pseudoraphis 
spinescens when placed in a growth cabinet for three weeks. 

H4: There is no difference in the viability of seeds of Brachiaria mutica, Oryza 
meridionalis, Hymenachne acutigluma and Pseudoraphis spinescens as 
interpreted using tetrazolium stain after attempted germination for three 
weeks in a growth cabinet. 

H5: There is no difference in the overall viability (germination & tetrazolium 
tests) of Brachiaria mutica, Oryza meridionalis, Hymenachne acutig/uma 
and Pseudoraphis spinescens seeds . 
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Materials and Methods 

Seed Production Estimates 

Counts of flowering culms of the dominant species in each grassland 

community were conducted concurrently with direct species counts (Chapter 3) 

during peak biomass production in May 1996. Collection of these data during 

peak biomass production was expected to produce the best estimate of seed 

production potential from a given snapshot in time (Finlayson 1991). 

Optimal quadrat size for culm counts was determined by calculating the 

coefficient of variation of the total number of flowering culms within all nests of 

nested quadrats for each species (five replicate nested quadrats were used for 

each species) (Chapter 3). Coefficient of variation was plotted against 

cumulative area which indicated that 1 m2 quadrats gave similar coefficients of 

variance as 4m2 quadrats (Figure 6.1). Consequently, 1 m2 quadrats were 

employed in all subsequent culm counts. Quadrats (usually 3) were randomly 

placed within 10m of the airboat platform, at each nested quadrat location, and 

the number of flowering culms in each were recorded (Plate 6.1 ). 
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Figure 6.1 Coefficient of variation (standard deviation I mean) of the number of flowering 
culms recorded for each species with increasing sample area during peak biomass production 
in May 1996. 
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Plate 6.1 Flowering culms were counted within a 1 m2 floating quadrat (this quadrat is located in 
the Oryza grassland). 

Floret number per inflorescence was assessed for one hundred flowering 

culms from each dominant grass species of the four vegetation types sampled 

(Brachiaria, Oryza, Pseudoraphis and Hymenachne grasslands). Direct counts 

of Brachiaria mutica, Oryza meridionalis and Pseudoraphis spinescens florets 

were conducted. It was impractical to conduct direct counts on Hymenachne 

acutigluma due to the large number of small florets possessed by this species. 

Instead, ten groups of ten inflorescences were placed into paper bags and 

oven dried at 60 a C for 5 days. Florets from each group were then removed 

from their culms and the total weight of florets from each group was recorded. 

Five 0.02g sub-samples were then taken from each group, weighed and the 

number of florets in each of these sub-samples were counted and averaged. 

From this value the mean number of florets per inflorescence for each group 

was calculated. Finally a mean of the calculated number of florets per 

inflorescence of each group was taken and this value was used as the 

estimated average number of florets per inflorescence for Hymenachne 

acutigluma. 
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Both the number of culms m-2 and the number florets per inflorescence were 

used to calculate potential seed production of each of the dominant grass 

species in their respective vegetation types. 

Soil Seed Density Estimates 

The five extra cores collected from each transect were used for seed counts 

(Chapter 4). Cores were wet up and three 1 cm diameter x 2cm deep sub-cores 

were taken from each. The sub-cores were oven dried at 60°C for two weeks 

and washed through a 250l-lm sieve to extract seeds. Calgon, a commercial 

water softener containing sodium hexametaphosphate was used to assist in 

clay dispersal and after extraction the seeds were identified and counted using 

a stereo microscope. 

Seed Viability Estimates 

Seeds of Brachiaria mutica, Oryza meridiona/is, Hymenachne acutig/uma and 

Pseudoraphis spinescens were collected both by hand in the field and using a 

flyscreen catcher placed in front of the airboat. Seeds were sorted under a 

stereo microscope using transmitted light to determine if embryos were present. 

Three hundred mature seeds of each species were counted out and dipped in 

Thyram fungicide solution (0.1 molar) for 30 seconds to inhibit fungal growth. 

Six replicate plastic petri dishes, lined with 10 sheets of Whatman NO.5 filter 

paper, were made for each species. Each petri dish contained fifty seeds. The 

replicates were saturated with distilled water and placed in a growth chamber 

set at 16h dark / 8h light photoperiod with temperature settings of 25°C and 

30°C respectively. Replicates were kept saturated and germinating seeds were 

counted every two days (germination = both roots and shoots visible). After 

three weeks the trial was terminated and remaining ungerminated seeds were 

stained with tetrazolium chloride to assess viability. 

Staining involved making either a longitudinal or lateral incision to the 

endosperm of each imbibed seed before placing them in stain solution (0.02 

molar) for 24 hours after which time each seed was washed and cut in half 

longitudinally (Moore 1985) (Plate 6.2). Seeds were then interpreted as viable 

if both root and shoot apices stained red and more than 50% of the tissue 
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connecting these was stained (note: an uninterrupted connection between 

apices was necessary) (Moore 1985). A stereo microscope was needed to 

make these observations. 

Plate 6.2 Seed viability was assessed using tetrazolium chloride, this plate shows two Oryza 
meridionalis seeds after staining; bottom seed is viable as indicated by the stained embryo, top 
seed is dead and embryo failed to stain. 

Statistical Analysis 

Differences in flowering culms m-2 and florets per inflorescence among 

species were tested by ANOVA. The mean number of Brachiaria mutica and 

Oryza meridionalis seeds in each core was estimated, from the seed number to 

sediment core volume ratio. These values were then used to estimate grass 

seed numbers per sample tray from each of the grassland communities 

(Chapter 4). 

Differences in the numbers of genminating seeds and viable donmant seeds 

detenmined by tetrazolium tests were also analysed using ANOVA. The Least 

Significant Difference (LSD) test was used to detenmine which results were 

Significant at the 5% level (Appendix F). 

96 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Chapter 6 The Grasses: Seed Production and Viability 

Results 

Potential Seed Production 

Q1: What is the potential seed production m-2 of Brachiaria mutica, Oryza 
m eridiona lis, Hymenachne acutig/uma and Pseudoraphis spinescens in 
their respective vegetation types? 

H1: There is no difference in the numbers of flowering culms m-2 produced by 
Brachiaria mutica, Oryza meridionalis, Hymenachne acutig/uma and 
Pseudoraphis spinescens in their respective vegetation types. 

H2: There is no difference in the number of florets per inflorescence produced 
by Brachiaria mutica, Oryza meridiona/is, Hymenachne acutig/uma and 
Pseudoraphis spinescens. 

Significant differences in the mean number of flowering culms m-2 of each 

species, in their respective vegetation types, were found (Table 6.1). Oryza 

meridionalis produced significantly more mean flowering culms m-2 than all 

other species. The mean number of flowering culms m-2 produced by 

Brachiaria mutica was significantly greater than those produced by both 

Hymenachne acutig/uma and Pseudoraphis spinescens. Mean flowerrng culm 

production (m-2
) of Hymenachne acutig/uma and Pseudoraphis spinescens did 

not differ significantly (Table F.1; Figure 6.2) 

Table 6.1 Results of ANOVA on the number of flowering culms m"2 and number of florets per 
inflorescence recorded for Brachiaria mutica, Oryza meridiana/is, Hymenachne acutig/uma and 
Pseudoraphis spinescens recorded in their respective vegetation types during peak biomass 
production (May 1996) (- = p < 0.01, *** = P < 0.001). 

I Florets 
l Culms 

df Effect I MS Effect I df Error I MS Error I 
3 1093712. 309 1474.44 
3 0.0291 222 0.001 

F 
741.8 

25.728 

I p-Ievel 
< 0.01** 

< 0.001*** 
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Figure 6.2 Number of flowering culms m-2 recorded for each dominant grass species in their 
respective vegetation types during peak biomass production (May 1996) (significant differences 
identified using the LSD test (p < 0.05) are indicated by different letters}. 

The mean number of florets per inflorescence were found to differ significantly 

among species (Table 6.1). Hymenachne acutigluma had the greatest mean 

number of florets per inflorescence followed by Brachiaria mutica, 

Pseudoraphis spinescens and Oryza meridionalis (Table F.2; Figure 6.3). 
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Figure 6.3 Number of florets per inflorescence recorded for Brachiaria mutica, Oryza 
meridionalis, Hymenachne acutigluma and Pseudoraphis spinescens during peak biomass 
production (May 1996) (significant differences identified using the LSD test (p < 0.05) are 
indicated by different letters). 
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Calculated floret production m-2 differed dramatically among species. 

Brachiaria mutica was calculated to produce the greatest number of florets m-2 

followed by Hymenachne acutig/uma, Pseudoraphis spinescens and Otyza 

meridiana/is (Figure 6.4). 
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Figure 6.4 Calculated floret production m-2 of Brachiaria mutica (8m), Oryza meridionalis (Om), 
Hymenachne acutigluma (Ha) and Pseudoraphis spinescens (Ps) in their respective vegetation 
types during peak biomass production (May 1996) (error bars show standard error). 

Soil Seed Density Estimates 

Q2: What is the density of Brachiaria mutica and Otyza meridionalis seeds in 
the seed bank? 

Brachiaria mutica and Oryza meridianalis seeds were only found in cores of 

samples taken in their respective vegetation types. Extrapolations from these 

counts gave estimates of 20 Oryza meridionalis seeds per tray and 57 

Brachiaria mutica seeds per tray within samples collected from their respective 

grassland communities (Figure 6.5). 
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Figure 6.5 Estimates of Oryza meridionalis and Brachiaria mutica seeds within sediment seed 
bank germination sample trays and m-2 in their respective plant communities (error bars 
indicate standard error). 

Seed Viability Estimates 

03: What is the viability of Brachiaria mutica, Oryza meridiona/is, Hymenachne 
acutig/uma and Pseudoraphis spinescens seeds? 

H3: There is no difference in the germinability of seeds of Brachiaria mutica, 
Oryza meridiona/is, Hymenachne acutig/uma and Pseudoraphis 
spinescens when placed in a growth cabinet for three weeks. 

H4: There is no difference in the viability of seeds of Brachiaria mutica, Oryza 
meridiona/is, Hymenachne acutig/uma and Pseudoraphis spinescens as 
interpreted using tetrazolium stain after attempted germination for three 
weeks in a growth cabinet. 

Hs: There is no difference in the overall viability (germination & tetrazolium 
tests) of Brachiaria mutica, Oryza meridionalis, Hymenachne acutig/uma 
and Pseudoraphis spinescens seeds. 

Significant differences were found in the percentages of seeds of each 

species that germinated after three weeks in a growth cabinet, ungerminated 

seeds tested for viability using tetrazolium chloride and overall seed viability 

(germination + Tetrazolium tests) among species (Table 6.2). 

Significantly more Hymenachne acutig/uma seeds germinated than all other 

species, whereas percentage germination among Brachiaria mutica, Oryza 

meridionalis and Pseudoraphis spinescens did not differ significantly (Table 

F.3; Figure 6.6). 
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Table 6.2 Results of ANOVA on assessment of germination (three weeks in a growth 
chamber), viability (tetrazolium chloride tests of remaining ungerminated seeds) and total 
viability (germination + tetrazolium test) of Brachiaria mufica, Oryza meridiana/is, Hymenachne 
acufigluma and Pseudoraphis spinescens seeds. - = p<0.001 
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Figure 6.6 Percentage germination of Brachiaria mufica (8m), Oryza meridiana/is (Om), 
Hymenachne acutigluma (Ha) and Pseudoraphis spinescens (Ps) seeds placed in a growth 
cabinet for three weeks (300 seeds of each species used) (significant differences identified 
using the LSD test (p < 0.05) are indicated by different letters). 

On average, 61 % of the remaining Pseudoraphis spinescens seeds were 

interpreted as viable. This was significantly lower than all other species (Table 

F.4; Figure 6.7). Almost all remaining Oryza meridionalis seeds were viable 

and this was significant compared to Hymenachne acutigluma seeds, but not 

Brachiaria mutica seeds. Viability of Hymenachne acutigluma and Brachiaria 

mutica seeds did not differ significantly (Figure 6.7). 
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Figure 6.7 Remaining ungerminated Brachiaria mutica (8m), Oryza meridionalis (Om), 
Hymenachne acutigluma (Ha) and Pseudoraphis spinescens (Ps) seeds interpreted as viable 
(using tetrazolium chloride) after three weeks in a growth chamber (300 seeds of each species 
used) (significant differences identified using the LSD test (p < 0.05) are indicated by different 
letters). 

Pseudoraphis spinescens seeds were found to have the lowest overall 

viability and this was significant compared to Hymenachne acutig/uma, 

Brachiaria mutica and Oryza meridiona/is (Figure 6.8). Oryza meridiona/is 

seeds had the greatest viability and this was significant compared to 

Hymenachne acutig/uma but not significantly different from Brachiaria mutica. 

Brachiaria mutica and Oryza meridiona/is seeds did not differ significantly in 

overall viability. 

102 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Chapter 6 The Grasses: Seed Production and Viability 

i 100 ! ~ : ! 

s ab g b ! ! oo·h~-~-~··· 
i ~..~ .. ------.~.l---. 
~ i 'i.i... I :·:·~r:-:~I:J.-.[ r I. 
~ 50~----~----~----~----~----~ 

8m Om Ha Ps 

SPECIES 

:r: :I: 1. 9S·Std. Err. 
D :l:1.00·Std. Err. 

o Mean 

Figure 6.8 Percentage of viable (germination + tetrazolium tests) Brachiaria mutica (8m), 
Oryza meridiona/is (Om), Hymenachne acutigluma (Ha) and Pseudoraphis spinescens (Ps) 
seeds (300 seeds of each species used) (significant differences identified using the LSD test (p 
< 0.05) are indicated by different letters). 

Discussion 

Potential Seed Production 

The species Brachiaria mutica, Hymenachne acutig/uma, Oryza meFidiona/is 

and Pseudoraphis spinescens have different potential seed production as 

indicated by the differences in both the numbers of flowering culms (m"2) and 

florets per inflorescence. Oryza meridionalis and Pseudoraphis spinescens 

both had similar potential seed production which were much lower than those 

estimated for Brachiaria mutica and Hymenachne acutig/uma (Figure 6.4). This 

may reflect the environmental conditions under which these species grow as 

both Oryza and Pseudoraphis grasslands were found in environments which 

undergo more extreme fluctuations in water level. Oryza meridionalis is an 

annual and Pseudoraphis spinescens changes form between wet and dry 

seasons. These factors could reduce resources available for seed production 

as a larger proportion must be allocated to vegetative growth in these species 

compared to Brachiaria mutica and Hymenachne acutig/uma which maintain the 

same form in both seasons. Above ground biomass data supports this idea as 

Oryza meridiana/is and Pseudoraphis spinescens were found to be positively 

correlated to water depth levels, where little correlation with this variable was 
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found for Hymenachne acutig/uma (Finlayson 1991). The period of inundation 

and floodwater dispersion patterns have been shown to playa major role in the 

life-cycles of plants on the Magela floodplain (Finlayson et a/. 1989). This 

factor could also help to explain the low seed production in Oryza meridiona/is 

and Pseudoraphis spinescens (compared to Brachiaria mutica and 

Hymenachne acutig/uma) as Oryza and Pseudoraphis grasslands are 

inundated for less time than Brachiaria and Hymenachne grasslands. Thus, 

Oryza meridionalis and Pseudoraphis spinescens must grow, flower and set 

seed faster than Brachiaria mutica and Hymenachne acutig/uma. 

This study made no attempt to quantify seed set of each species, therefore 

results over-estimate seed production. The indeterminate inflorescence growth 

of Hymenachne acutig/uma however, could have led to under-estimates for this 

species. Qualitative assessment of seed set in this species showed very poor 

caryopsis formation (Calder 1982), therefore, it is unlikely that this study has 

under-estimated seed production in this species. Seed production estimates of 

this study are only relevant to 1996. Estimates of yearly seed production would 

require similar data to be collected in subsequent years. Such studies are 

necessary before the vegetation dynamics of this ecosystem can 'be fully 

understood. 

Soil Seed Density Estimates 

Direct counts of Brachiaria mutica and Oryza meridiona/is seeds from soil 

cores gave an alternate estimate to the sediment germination trial (Appendix E) 

of the number of seeds of these species within the seed bank. These 

estimates are tentative however, as the sample size was very small. Many 

more Brachiaria mutica than Oryza meridiona/is seeds were estimated to be 

present in the seed banks of their respective vegetation types (Figure 6.5). 

This finding was lower that the estimated seed production of each species 

(Figure 6.4) as would be expected. For not all florets develop into seeds and 

not all seeds make it into the seed bank. Nevertheless, these results indicate 

that Brachiaria mutica seeds are present within the soil in high numbers. 
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Seed Viability Estimates 

Germinability was low for all species except Hymenachne acutig/uma for 

which 30% of seeds germinated (Figure 6.6). Tetrazolium tests showed that 

most seeds of Hymenachne acutig/uma, Brachiaria mutica and Oryza 

meridionalis were viable (Figure 6.7). These results indicate that these species 

have dormancy mechanisms. This study could not identify what type of 

dormancy mechanisms were present in each species, but dormancy in both 

Brachiaria mutica and Oryza meridionalis have been suggested to be a result of 

impermeable seed coats (Maclean and Grof 1968; Wurm 1996). Information 

on viability of Hymenachne acutig/uma and Pseudoraphis spinescens has not 

been published but examination of seeds of these species indicates that 

dormancy factors other than an impermeable seed coat could be acting on 

these species as these seeds tend to be soft. 

Finding large quantities of mature Pseudoraphis spinescens seed was difficult 

and the failure of seeds of this species to germinate could have been a result of 

poor seed stock as viability assessment using tetrazolium chloride gave low 

viability estimates. Tetrazolium chloride only stains living cells and the low 

viability (as assessed by tetrazolium) indicates that seeds were eith~r, dead 

before the germination trial commenced, or that they died during the 

experiment. This species was found to be more abundant than other grass 

species in the sediment seed bank trial and was also seen germinating in high 

numbers on top of floating Sa/vinia mo/esta in the field (personal observation). 

These observations probably reflect the area of the floodplain that this species 

dominates (Map 3.1). It is possible that the poor viability of Pseudoraphis 

spinescens seeds are offset by the vast area occupied by this species for 

potential seed production. In any case, further research into the phenology 

and seed production of this species is necessary, particularly as it covers the 

greatest area of the floodplain. 

Baskin (1989) noted that seeds with physical dormancy are found in annuals 

and perennials of predictable habitats and it would appear that dormancy in 

Oryza meridiona/is and Brachiaria mutica seeds (related to impermeable seed 

coats (Maclean and Grof 1968; Wurm 1996) conform with this. As Oryza 
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meridionalis is an annual, recruitment from the seed bank is vital to the survival 

of this species. Oryza seeds contain a long stiff awn and it is likely that 

disturbance caused by annual flooding breaks the awn off seeds, allowing them 

to imbibe water and germinate. 

Brachiaria mutica has been found to reproduce very successfully by 

vegetative means (Anning and Hyde 1987; Cameron 1991) and it is likely that 

dormancy in seeds of this species are an adaptation to ensure persistence in 

the event of a disturbance. 

The indeterminate growth of Hymenachne acutigluma culms give rise to 

seeds that are dispersed at different times and this could be why Hymenachne 

acutigluma seeds do not have similar dormancy characteristics to Brachiaria 

mutica and Oryza meridionalis. This species ensures persistence by producing 

readily germinable seeds over a range of environmental conditions. 
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General Discussion and Conclusions 

This study has contributed to understanding the dynamics of the vegetation of 

Kakadu's wetlands by providing information on the grasslands of the Magela 

floodplain and establishing the impacts of Brachiaria mutica, an introduced 

grass, on this system. Brachiaria mutica now covers a considerable area of the 

Magela floodplain, and although sediments under these areas still contain a 

species rich seed bank, the areas it has invaded have a reduced species 

richness in the extant vegetation. In addition, Brachiaria mutica has the 

potential to produce more seeds per unit area than the native grasses and 

these seeds show some dormancy. It is estimated that a considerable number 

of Brachiaria mutica seeds are present within the seed bank beneath areas that 

this species now occupies. 

Four distinct groups were identified according to species composition and 

abundance: Brachiaria grassland in both wet and dry seasons; Oryza grassland 

in the dry I Pseudoraphis grassland in both wet and dry; Oryza grassland in the 

wet season; and Hymenachne grassland in both wet and dry seasons. 

In general species richness was greatest in the wet season compar~d to the 

dry season. Hymenachne grassland had the highest species richness followed 

by Oryza, Pseudoraphis and Brachiaria grasslands. Hymenachne grassland 

decreased in species richness in the wet season whereas both Oryza and 

Pseudoraphis grasslands increased in species richness in this season. 

Brachiaria grassland did not differ in species richness between seasons. 

Species diversity followed similar trends but the Pseudoraphis grassland had 

higher species diversity than the Brachiaria grassland which differed in species 

diversity between seasons, having higher diversity in the wet season. 

Of the grasslands studied, Pseudoraphis grassland covered the greatest area 

of the floodplain followed by Oryza, Brachiaria and Hymenachne grasslands. 

The distinct differences observed in extant vegetation of the four grassland 

communities studied highlights the dynamic nature of vegetation on the Magela 

floodplain. This was best illustrated by the dramatic change in both species 

richness and diversity recorded in the Oryza grassland between seasons. 

Similar differences recorded for the Pseudoraphis grassland indicate that these 

108 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Chapter 7 Grassland Community Dynamics: Processes & Management 

two communities occupy similar niches. This is demonstrated by the dominance 

of Pseudoraphis spinescens in Oryza grassland sites during the dry season. 

However, it would appear that Pseudoraphis spinescens is better adapted to 

survival in deep water as this perennial dominates the deepest areas of the 

floodplain (Finlayson et al. 1990). Oryza meridionalis must have a faster 

growth rate than Pseudoraphis spinescens as it is able to dominate the Oryza 

grassland sites during the wet season through recruitment from the seed bank. 

The higher species richness and diversity found during the wet season in all 

communities but the Hymenachne grassland suggests that many floodplain 

species are adapted to flooded rather than dry conditions. The drop in species 

richness and diversity of the Hymenachne grassland during the wet season 

(from the highest species richness and diversity of any community in both 

seasons), suggests that extended periods of extremely dry conditions limit the 

distribution of many taxa on the floodplain. If such extreme drying of the Oryza 

and Pseudoraphis grasslands did not occur (as is the case in the Hymenachne 

grassland) more species rich and diverse communities may be expected in 

these communities during the dry rather than wet season (as was the case in 

the Hymenachne grassland). 

Extant vegetation data collected in this study concur with the intermediate 

disturbance hypothesis illustrated by Sousa (1979) which suggests that 

frequency and severity of disturbance affects species richness. Further, it is 

postulated that areas of intermediate disturbance contain the highest number of 

species. This study found extant vegetation of the Hymenachne grassland 

community to be more species rich compared to other communities. The area 

occupied by this community undergoes intermediate fluctuations in disturbance 

(ie. draws down over a longer period) compared to Oryza and Pseudoraphis 

grasslands which experience rapid draw down (Finlayson 1991). 

Thirty four taxa were found to germinate from sediment samples. Species 

composition and abundance was found to differ between water regimes by 

ordination analysis, although cluster analysis was unable to show distinct 

differences between water regimes for all communities. Samples were grouped 

according to emergence of a few key species, namely, Glinus oppositifolius, 

Nymphaea spp., Pseudoraphis spinescens, Cyperus serotinus, Nitella spp., 

109 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Chapter 7 Grassland Community Dynamics: Processes & Management 

Nymphoides spp., Limnophila australis, Chara spp., Najas spp. and Isoetes 

coromandelina. Hymenachne grassland samples were grouped from other 

samples but not between water regimes. Pseudoraphis grassland samples 

were distinguished separately from other samples and also between water 

regimes. Oryza and Brachiaria grassland samples were similar and separated 

only by flooded and moist water regimes. 

Seed distribution varied within sediment samples, with the total number of 

seedlings emerging from Hymenachne grassland samples differing between 

transects. Transect differences were also found in species richness for 

Hymenachne, Pseudoraphis and Oryza grassland samples. The number of 

seedlings emerging differed between flooded and moist water regimes. These 

differences were attributed to large numbers of a few species in flooded 

samples and the presence of Glinus oppositifolius, Nymphaea spp., 

Pseudoraphis spinescens and Isoetes coromandelina in moist samples. 

Species richness was higher in Oryza and Pseudoraphis grassland samples 

that were flooded compared to those under a moist water regime. This 

treatment difference was also found when grasslands were compared (ie. 

flooded treatments were more species rich than moist treatments 'Overall). 

Brachiaria and Hymenachne grassland sediments contained more species rich 

seed banks than Pseudoraphis and Oryza grassland sediments. Samples from 

the latter two communities under a moist water regime had the lowest species 

richness (compared to other samples) while Brachiaria grassland samples 

under the same water regime had the highest species richness of all samples. 

Germination from sediment seed banks of the grassland communities 

illustrated the diversity of species on the floodplain. Sediments were found to 

contain many seeds of aquatic taxa, reflecting their abundance on the 

floodplain during the wet season and/or high seed production of these taxa. 

Most aquatic species require seeds to ensure persistence during dry periods 

particularly in tropical environments where the flooding/drying cycle is seasonal 

(Gopal 1986). Data generated by this study support this hypothesis and 

although few tropical wetland seed bank studies have been conducted, studies 

of other wetland types (that undergo similar cyclic fluctuations in water depth) 

have found similar results (Zedler 1987; Grillas at al. 1993). Several studies 
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that have used flooded and mOist water regimes to assess germination from 

seed banks, including the previous study on the Magela floodplain, found 

species richness to be greater in moist treatments compared to flooded 

treatments (Smith and Kadlec 1983; Finlayson et al. 1990; Schneider 1994). In 

contrast this study found flooded samples to be more species rich. This could 

reflect the unusually high rainfall in the wet season prior to collection of 

samples for this study. Many aquatic taxa may have been present in large 

numbers during the flooded period and subsequently samples contained 

propagules of many aquatic taxa in high numbers. More detailed comparisons 

of the grassland seed banks on the Magela floodplain between 1984 and 1996 

further illustrate the variability in seed bank vegetation of these communities. 

Comparisons of seed bank data from 1984 to 1996 showed species richness 

of 1984 Oryza grassland samples under a moist water regime to be higher than 

equivalent samples in 1996 (moist Brachiaria and Oryza grassland samples). 

Comparisons between the proportions of individual species emerging from 

sediment samples in each year gave varying results. 

Given the high numbers of seedlings of aquatic taxa emerging from samples 

in 1996, it was expected that a greater proportion of these taxa would have 

been found to emerge compared to 1984 data. This was the case for many 

aquatic taxa. However, differences in duration between studies may explain 

the varying results for other taxa, as the previous study was conducted over ten 

months compared to the 3 1/2 month duration of germination for this study. 

Seed banks may reflect seed production on the floodplain which is, in turn, 

affected by rainfall and water flow patterns. The seasonal variation in extant 

vegetation on the floodplain makes long term predictions of vegetation change 

from seed bank data difficult. Nevertheless, seed bank data can provide 

valuable information on changes that have occurred on the Magela floodplain, 

as illustrated by the similarities found between Brachiaria and Oryza grassland 

seed banks. 

Species composition and abundance of extant vegetation was found to be 

poorly correlated with seed banks. This was due to the low frequency of 

aquatic species recorded in extant vegetation compared to high numbers of 

other taxa emerging from sediment samples (mentioned above). This result 

111 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Chapter 7 Grass/and Community Dynamics: Processes & Management 

was expected as it was thought that sediment samples would contain taxa from 

all seasonal cycles of extant vegetation on the floodplain, in addition to seeds 

of extant vegetation from previous years. 

This illustrates the important role that seed banks play in grasslands on the 

Magela floodplain particularly for aquatic taxa. Additionally the small number of 

seeds of the dominant species in the seed banks of these communities 

suggests that vegetative reproduction plays a major role in these grassland 

communities. The role of vegetative reproduction of grass species in 

vegetation dynamics on the Magela floodplain was not quantified in this study, 

however, it is suggested that the contribution of this factor, in structuring 

grassland communities, varies from year to year. 

Potential seed production of the dominant grass species were estimated to 

differ greatly. Brachiaria mutica had the highest potential seed production 

followed by Hymenachne acutig/uma. Oryza meridiona/is and Pseudoraphis 

spinescens were both estimated to have similar seed production and this was 

much lower than the former species. Pseudoraphis spinescens was found to 

have the lowest seed viability, although this was greater than 50%. 

Hymenachne acutig/uma, Brachiaria mutica and Oryza meridiona/is all had high 

seed viability. All species exhibited some seed dormancy which was most 

pronounced in seeds of Pseudoraphis spinescens, Oryza meridiona/is and 

Brachiaria mutica. Dormancy in seeds of the latter two species appear to be 

related to impermeable seed coats. 

The low numbers of grass seeds found to germinate from sediment samples 

could reflect the small sediment sample size used, as estimated seed 

production was high , and both Brachiaria mutica and Oryza meridiona/is were 

estimated to contain considerable seed banks from soil core seed counts. 

However, seed bank estimates were tentative due to the small core size. 

Factors such as poor seed set or failure of species to flower in years leading up 

to this study could contribute to the low seed numbers found in the soil seed 

bank. Alternatively predation could be particularly high on seeds of grass 

species. Seed dormancy exhibited by the four grass species indicates that 

these species all utilise the seed bank as a source of recruitment. Oryza 

meridiona/is being annual relies entirely on the seed bank to persist over the 
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dry season. The other three species probably use seeds to ensure persistence 

and allow dispersal to potentially inhabitable sites. 

Brachiarla mutica on the Magela floodplain 

It was evident that communities with higher species richness tended to occur 

in the wet rather than the dry season. The lower species richness and diversity 

found in the extant vegetation of the Brachiaria grassland illustrates the 

reduced species richness experienced by this ecosystem following the 

establishment of Brachiaria mutica. The increase in area covered by the 

Brachiaria grassland and corresponding decrease in area of the Oryza 

grassland from 1991 to 1996 indicates that Brachiaria mutica is primarily 

invading the latter community. This change appears to be too great to be 

attributed to seasonal variation alone. 

No detailed data on the habitat and establishment requirements of Brachiaria 

mutica have been published, although it is reported to be limited by water depth 

(to 50-6Dcm) (Calder 1982; Anning and Hyde 1987). However, Brachiaria 

mutica was observed in areas that are inundated by water to depths greater 

than 60cm in this study. Further, Brachiaria mutica was observed on the 

floodplain fringes around trees and shrubs, where it is assumed that cover from 

vegetation provides suitable conditions for establishment. This could indicate 

that invasion of the remnant Oryza grassland will occur in the short term. 

Brachiaria mutica was not observed to have invaded the Hymenachne 

grassland, nevertheless it is suggested that this process may be occurring over 

a more protracted time scale (compared to invasion of the Oryza grassland 

over 7 years) given that Hymenachne acutig/uma, the species that dominates 

this community, is perennial. Data published by Calder (1982) suggests that 

Brachiaria mutica may not be able to competitively exclude Hymenachne 

acutig/uma in areas inundated by more than one metre of water as Brachiaria 

mutica was found to have lower survival from cuttings than Hymenachne 

acutigluma under these conditions. 

Finlayson et al. (1989) noted that considerable shifts in species composition 

of the Oryza grassland occur, with Hygroch/oa aquatica, another annual 

species, being displaced by Oryza meridiona/is. This was attributed to yearly 

variation in rainfall patterns and flow regimes (Finlayson et al. 1989). It is 
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probable that these two species occupy the same niche in different years, and 

as such the species that dominates the area in any particular year is 

determined by rainfall of previous years. Brachiaria mutica may have disrupted 

this cycle (as it is perennial) and the absence of Hygrochloa aquatica seeds in 

the grassland seed banks suggest~ that this species is being excluded from the 

study site area, particularly as seeds of this species were found in sediments in 

1984. 

Changes in species composition and abundance in extant vegetation, 

between seasons, does not display a clear relationship with the seed bank. 

The species rich seed bank of the Brachiaria grassland indicates that a diverse 

plant community still exists in this area. Therefore, the restoration of areas 

invaded by Brachiaria mutica may still be possible. 

Further Research 

This study has identified several areas that require more detailed research 

both to help in understanding the vegetation dynamics of freshwater tropical 

floodplains and to aid in the management of Brachiaria mutica on the Magela 

floodplain. 

More detailed mapping of the Brachiaria grassland communities' on the 

Magela floodplain are required. For example, satellite infestations could be 

marked out and their growth observed during different seasons and among 

years. In addition, recruitment from the seed bank should be recorded. Such a 

study could provide detailed information on the growth and phenology of this 

species and an accurate assessment of the methods by which it invades would 

then be possible (ie. vegetative growth or recruitment from the seed bank or 

both). This information in turn could help to indicate which communities this 

species has the potential to invade. 

Several varying seed bank experiments could be conducted to provide a more 

detailed assessment of the vegetation of these grasslands. They include 

germinating the same samples over successive years in order to give a more 

accurate account of seed numbers within the soil and identify the time period 

required for depletion of the seed bank. Different samples could also be 

collected in successive years to gain a better understanding of the role seed 

banks play in structuring extant vegetation on the Magela floodplain . 
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Observations of seedling emergence from field plots would also aid in 

determining the role seed banks play. 

Seed exclusion and seed rain experiments could be conducted in the field to 

investigate the variability of seed production of different species on the 

floodplain and allow estimates of seed input into the soil of these grasslands to 

be made. 

One area that requires clarification is the discrepancy between the low 

numbers of grass seeds found to emerge from sediment seed banks and high 

potential seed production estimated from culm and floret counts of grass 

species. Predation could be one reason for such discrepancies and seed bait 

experiments could be conducted to establish the role of predation in grassland 

dynamics. Such an experiment would quantify seed loss due to predation and 

may identify the predators responsible for this loss. 

A seed burial experiment of Brachiaria mutica seeds would provide essential 

information to managers, as such experiments would allow the longevity of 

Brachiaria mutica seeds to be assessed. It is suggested that Brachiaria mutica 

seed would be buried and then replicates exhumed after different time periods 

for viability assessment by germination and tetrazolium chloride: This 

experiment would have to be conducted over a number of years and large 

numbers of seeds would be necessary, particularly if seed predation is found to 

occur. 

This study has highlighted the urgent need for an assessment of the role that 

vegetative reproduction plays in grassland communities on the Magela 

floodplain. Such a study would provide valuable information by quantifying 

vegetative reproduction and adding to the understanding of vegetation 

dynamics on the floodplain. This would allow the contributions made by both 

the seed bank and extant vegetation (vegetative reproduction) to the 

distribution of plant species on the floodplain to be compared. A study of this 

type would contribute substantially to the effective management of Brachiaria 

mutica, given that it reproduces vegetatively. 

Additional studies on competition between native grasses and Brachiaria 

mutica, particularly Hymenachne acutigluma, would provide valuable 

information on the potential of Brachiaria mutica to invade and competitively 
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exclude native grasses other than Oryza meridiona/is. These studies should 

assess competition between both seedlings, cuttings and adult plants. In 

addition, it is recommended that they be conducted using a number of water 

depth treatments, particularly between 60cm and 1.5m, as this factor has been 

shown to influence establishment of Brachiaria mutica from cuttings (Calder 

1982). It is also recommended that duration of flooding be assessed. Such 

experiments would establish competitiveness of the grasses examined and 

enable predictions of the potential spread of Brachiaria mutica to be made 

according to water depths and inundation period, thereby assisting managers 

by allowing areas of possible infestation (areas with appropriate water depths) 

to be identified and surveyed. 

As the Magela floodplain extends into a saline estuary, the establishment of 

salinity tolerance limits of Brachiaria mutica would also be valuable. Such an 

experiment would involve germinating seeds and growing cuttings under a 

range of different salinity conditions. These data would allow for predictions of 

the potential spread of Brachiaria mutica into saline habitats to be made. 

Brachiaria mutica was noted to re-shoot vigorously after being burnt (personal 

observation). Determination of the response of this species to fire would 

enable improved assessments of the changes that occur under different fire 

regimes. Such data is relevant as fire is currently used as a management tool 

on the floodplain. 

Management of the Magela floodplain 

It is likely that the observed vegetation both in the seed bank and extant 

vegetation is an outcome of previous management in the area. That is, 

removal of feral buffalo (Buba/us bubaJis) from the floodplain may have lead to 

the rapid invasion of Brachiaria mutica, which was previously limited by 

selective grazing pressure. This would explain the absence of Brachiaria 

grassland from vast areas until recent times. Similarly, a more frequent fire 

regime on the floodplain, as has been adopted in recent years, appears to 

favour Brachiaria mutica which is noted to re-shoot vigorously after being burnt. 

Seed bank data are essential to the management of vegetation on the Magela 

floodplain. The large seed bank of Brachiaria mutica estimated under areas 

already invaded by this species must be considered and managed accordingly. 
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The demonstrated dormancy of Brachiaria mutica seeds indicates that 

management strategies need to be long term. 

It is necessary to devise and implement appropriate management strategies 

now if further degradation of vegetation on the Magela floodplain is to be 

prevented. Due consideration should be given to information on the seed 

banks, as well as seed production and viability, of the floodplain grasslands 

when developing management strategies. Vegetative reproduction must also 

be considered. Effective control of Brachiaria mutica can only be aChieved by 

utilising knowledge of the life history of this species. It has been suggested 

that an effective management strategy for Brachiaria mutica would involve 

utilising the wet season flood to 'drown it out' (Schultz 1996). This may be 

achieved by using fire or herbicides on Brachiaria mutica just prior to flooding. 

If inundation occurs rapidly, plants may not be able to re-shoot fast enough to 

stay above the water level. This strategy may be effective in controlling extant 

vegetation, but does not account for the seed bank. Provided that plants are 

recruited from the seed bank during the wet season, and are removed before 

flowering and set seed, the application of this strategy in successive years 

would result in depletion of Brachiaria mutica seeds from the seed bank: 

A further consideration is that the occurrence of Brachiaria mutica under trees 

and shrubs around the floodplain edge may act as a seed source. Therefore 

total eradication of this invasive species from the Magela floodplain would be 

almost impossible and impractical. Rather, management should adopt an 

approach of minimising the spread of Brachiaria mutica to areas not presently 

invaded, by targeting isolated patches in new areas. Further, management 

should attempt to reduce the spread of Brachiaria mutica in presently infested 

areas via the application of a management strategy such as that outlined 

above. 
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Appendix A 
Description of mapping units used for mapping the Magela floodplain in June 

1996 (descriptions of the four grassland mapping units are given in Chapter 2). 

Melaleuca open woodland 

These areas consisted of scattered Melaleuca leucadendra (cover <10%) with 
a mixture of understorey species. These were usually the same as those in 
adjacent areas of the floodplain and included the grasses Hymenachne 
acutigluma, Oryza meridionalis and Pseudoraphis spinescens with Nelumbo 
nucifera, Nymphoides spp., Nymphaea spp. also present (Finlayson et al. 
1989). This mapping unit covered 1511 ha, 17% of the total area mapped in 
1996. 

Melaleuca Open ForestIWoodland 

This mapping unit occurred predominantly around the margins of the floodplain 
and in the southernmost section of the area mapped. It covered 819 ha, 9% of 
the total area mapped in 1996, and was comprised of areas dominated by one 
or more Melaleuca species (cover 10-70%). These included Melaleuca 
viridiflora, Melaleuca symphyocarpa and Melaleuca leucadendra. The 
understorey contained a wide variety of species including Brachiaria mutica, 
Hymenachne acutigluma, Oryza meridionalis, Pseudoraphis spinescens, 
Ec/iptica prostrata, Coldenia procumbens, Dentella dioeca, Glinus 
oppositifolius, Heliotropium indicum, Phyla nodiflora, Euphorbia'vachellii, 
Fimbristylis spp., Nymphaea spp. and Nymphoides spp. (Finlayson et al. 1989). 

Helumbo swamp 

The Nelumbo swamp covered 1466 ha (16%) of the area mapped in 1996. It 
occurred mainly in the western plain section of the floodplain and was 
dominated by large patches of Nelumbo nucifera. In areas that were not so 
densely populated, Nymphoides spp., and floating mats of Hymenachne 
acutigluma with Ludwigia adscendens and Cyperus platystylis were common 
(Finlayson et a/. 1989). 

HymenachnelEleocharis swamp 

This vegetation type covered 572 ha (6%) scattered in the northern section of 
the area mapped in 1996 and it consisted of a variety of sedges including 
Eleocharis dulcis and Eleochar;s sphacelata co-occurring with Hymenachne 
acutigluma and in some cases with Oryza meridionalis. Nymphaea spp. and 
Nymphoides spp. were also common in this community (Finlayson et al. 1989). 
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Mixed Grassland/Sedgeland 

This mapping unit was found to cover a small area (89 ha, 1%) in the south in 
1996. It contained a mixture of species including the grasses Hymenachne 
acutigluma, Oryza meridionalis, and Pseudoraphis spinescens. The sedges 
Eleocharis dulcis, Eleocharis sphacelata, Cyperus platystylis and the herbs 
Ludwigia adscendens, Ipomoea aquatica and Nymphoides spp. were also 
found (Finlayson et al. 1989). 

Terrestrial Vegetation 

This mapping unit was not extensively examined, but the species occurring 
within it include the trees Eucalyptus papuana, E. miniata, E. alba, Alstonia 
actinophylla, Syzigium suborbiculare (Finlayson et al. 1989). 
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AppendixB 
The Disk supplied contains two text files; germ.aso and vg120.aso. These files 
are the association matricies generated by PATN (8elbin 1993b). 
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AppendixC 
Significant differences found in species richness and diversity of quadrat data 
collected from a vegetation survey in four grassland communities on the 
Magela floodplain in dry and wet seasons (1995-1996) 

Table C.1 LSD test on species richness of nested quadrat data collected from four grassland 
communities on the Magela floodplain during wet and dry seasons of 1995-96 (Brachiaria. 
Oryza, Hymenachne and Pseudoraphis grasslands). (** = p < 0.01. *** = P < 0.001). 

Oryza Hymenachne Pseudoraphis 
grassland grassland grassland 

Brachiaria grassland < 0.001*** < 0.001*** 0.441 
OtyZa grassland ~ < 0.001*** .002** 

Hymenachne grassland 
···························· .... 1 

~ < 0.001*** 

Table C.2 Results from two factor ANOVA (LSD test) showing differences in mean species 
richness between Brachiaria grassland (8m), Oryza grassland (am). Hymenachne grassland 
(Ha) and Pseudoraphis grassland (Ps) on the Magela floodplain for dry and wet seasons, 1995-
96 (* = P < 0.05, *** = P < 0.001). 

0.016* 
< 0.001 *** 0.013* 

~~~~----------------~----~----~ 
~ < 0.001*** < 0.001*** 

~~~~------------------------------~----~~ ~ 
v <0.001*** < 0.001*** < 0.001*** 

t---:'-~~LL...----------------------------------'----------~ ~ < 0.001 *** 0.363 
~~~~--------------------------------------------------------------------~----~----~ ~ < 0.001*** 

Table C.3 LSD test on species diversity (Shannon Index) of nested quadrat data collected from 
four grassland communities on the Magela floodplain during wet and dry seasons of 1995-96 
(Brachiaria. Oryza. Hymenachne and Pseudoraphis grasslands). (* = p < 0.05, *** = P < 0.001). 

Oryza Hymenachne Pseudoraphis 
grassland grassland grassland 

Brachiaria grassland < 0.001*** < 0.001*** 0.039-
Oryza grassland ~ < 0.001*** < 0.001*** 
Hymenachne grassland I ~ < 0.001*** 

Table C.4 Results from two factor ANOVA (LSD test) showing differences in species diversity 
(Shannon Index) between Brachiaria grassland (8m). Oryza grassland (am). Hymenachne 
grassland (Ha) and Pseudoraphis grassland (Ps) on the Magela floodplain for dry and wet 
seasons. 1995-96 (* = P < 0.05. ** = P < 0.01. *** = P < 0.001 ). 

8m et am D am Wet Ha D Ha Wet 
0.005** <0.001 *** 
~ <0.001*** < 0.001*** 

~~~~~----~-----. 
< 0.001*** 0.010- < 0.001-** 

0.008** 0.199 < 0.001*** 
f--.:....:..::...J..:;..:...u.... ________________________________________ ....L..-_____ ~'______. <0.001 *** < 0.001 *** < 0.001 *** 

~ < 0.001 *** 0.884 
~",;.:;-~.=.I.._-----------------------------L..-------.-;.-___. ~ < 0.001 *** 
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AppendixD 
Significant differences found within and among grassland sediment samples 

collected from four grasslands on the Magela floodplain (1995) and germinated 
under flooded and moist water regimes. 

Table 0.1: LSD test on species richness of seedlings emerging from samples collected along 
three transects in a Oryza grassland on the Magela floodplain (Nov 95) and germinated under 
two treatments (T = transect, * = p < .05, - = P < .01) 

T4 
T5 

T5 
0.477 
~ 

T6 
0.01S* 
0.003** 

Table 0.2: LSD test on total number of seedlings emerging from samples collected along three 
transects in a Hymenachne grassland on the Magela floodplain (Nov 95) and germinated under 
two treatments (log(x+1) transformed data)(T = transect, * = p < 0.05, - = P < 0.01) 

TS T9 
T7 0.433 0.002-
TS ~ 0.014* 

Table 0.3: LSD test on interactions of total number of seedlings (log(x+1) transformed) 
emerging from samples collected in a Hymenachne grassland on the Magela floodplain (Nov 
95) with germination under two water regimes (T = transect, M = mOist, F = flooded; *** = p < 
0.001) 

T7M I TS F I TSM I T9 F I T9M 
T7 F 0.479 0.2S1 0.463 < 0.001*** 0.422 
T7M ~ 0.704 0.979 < 0.001*** 0.923 
TS F I ~ 0.723 < 0.001*** 0.777 . 
TS M I ~ < 0.001*** 0.943 
T9 F I ~ < 0.001*** 

Table 0.4: LSD test on species richness of seedlings emerging from samples collected along 
three transects in a Hymenachne grassland on the Magela floodplain (Nov 95) and germinated 
under two treatments (T = transect, * = p < 0.05) 

T7 
TS 

TS 
0.046* 
~ 

T9 
0.013* 
0.565 

Table 0.5: LSD test on species richness of seedlings emerging from samples collected along 
three transects in a Pseudoraphis grassland on the Magela floodplain (Nov 95) and germinated 
under two treatments (- = p < 0.01) 

T10 
T11 

T11 
0.009** 
~ 

T12 
0.065 
0.3S2 
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Table 0.6: LSD test on species richness of seedlings emerging from samples collected in four 
grassland vegetation types on the Magela floodplain (Nov 95) and germinated under two 
treatments (Bm = Brachiaria grassland, Ha = Hymenachne grassland, Om = Oryza grassland, 
Ps = Pseudoraphis grassland; - = p < 0.01, *** = P < 0.001) 

Om I Ha I Ps 
Bm <0.001*** 0.163 <0.001*** 
am ~ 0.006- 0.899 
Ha 1 ~ 0.008-

Table 0.7: LSD test on interactions of species richness of seedlings emerging from samples 
collected in four grassland vegetation types on the Magela floodplain (Nov 95) with germination 
under two water regimes (Bm = Brachiaria grassland, Ha = Hymenachne grassland, Om = 
Oryza grassland, Ps = Pseudoraphis grassland, M = moist, F = flooded; * = p < 0.05, - = P < 
0.01, *** = P < 0.001) 

BmM 1 Ha F I Ha M I am F I OmM I PsF I PsM 
BmF 0.107 0.719 1.000 1.000 < 0.001*** 0.589 < 0.001*** 
BmM ~ 0.049* 0.107 0.107 < 0.001*** 0.032* < 0.001*** 
Ha F I ~ 0.719 0.719 < 0.001*** 0.857 0.002-
HaM I ~ 1.000 < 0.001*** 0.589 < 0.001*** 
OmF I ~ < 0.001*** 0.589 < 0.001-* 
OmM I ~ < 0.001*** 0.472 
Ps F I ~ 0.002-
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AppendixE 
Table E.1 Seedlings estimated to emerge from 1 m2 of grassland communities on the Magela 
floodplain in 1984 and 1996 (1984 data from Finlayson et al. (1990) . 

Treatment Number of seedlings calculated per square metre 
O'Y'.'984 Blflchillria raa O'Y'.98 P .. udoI'Ipha 84 POOU</oI'ophi,s 96 Hy",.".clrne 84 Hymenochne 98 

Blyxa auoortfl M NA 0 0 NA 0 NA 0 
F NA 0 0 NA 7a41 NA 0 

Brachiaria mutlca M NA 121.40 0 NA 0 NA ,0"0 
F NA 0 0 WI 0 NA 0 

Cyperus aquat/lls M NA 0 20 .,4 NA 0 NA 0 
F NA 0 0 NA 0 NA 0 

Cyperus platystylls M NA ,0.,0 0 NA 0 NA 4140 282 
F NA 0 0 NA 0 WI 1313.708 

Cyperus sarot/nus M NA ,0.,0 ,0.,0 NA 0 NA 2182.858 
F NA 10.,0 0 NA 0 NA 980.480 

Cyperus dlgltatus M 0 0 0 121%58 0 393. 242 0 
F 0 0 0 30.30 0 9&7.383 0 

Caratoptaris thallctTO/des M 0 1820102 808.527 :)0.30 0 0 20014 
F 483"88 11044 929.834 0 0 0 0 

Chara spp. M NA 0 0 NA 0 NA 0 
F NA 1222.321 455.147 NA 71049 NA 354.,34 

Coldenla procumbens M NA 20.,4 81038 NA 0 NA 91>57 
F NA 0 0 NA 0 NA 0 

Commal/na lanceo/ata M NA 0 20.,4 NA a NA 0 
F NA 0 0 NA 0 NA 0 

Danlella dloeca M NA 0 0 NA a NA 2930179 
F NA 0 0 NA a NA 0 

Ecllpt/ca prostrata M NA 0 0 NA 10010 NA 202.73 
F NA 0 0 NA 0 NA 141052 

Eleocharis spp. M 272.212 242088 101038 30030 8080574 0 0 
F 0 182.73 101.44 0 232.,49 0 10" 10 

Erlocau/on sateceum M 2145< 848 40.23 141.65 0 a 0 0 
F 160H151 ,0.,0 192.58 0 0 80.36 0 

Euphorl>la vacha/III M NA 0 0 NA 0 NA 10.,0 
F NA 0 0 NA 0 NA 0 

F/mMstylls spp. M 0 30> 30 81.44 78S.348 0 1571.589 8a57 
F 0 0 ,0.,0 0 a 181 ",0 51.51 

Gllnus opposltlfollus M 30.30 20.20 30.,8 2859.880 8091> 2958 6040136 919.581 
F 30.30 0 0 2420108 3330 161 30.30 0 

Hellotroplum indlcum M 725.212 ",.45 778.245 80.38 0 876.348 ,0.,0 
F 0 0 0 0 80'.38 0 

Hydrllla vettlcll/ata M NA 0 0 NA 0 NA 0 
F NA 0 0 NA a NA 51.35 

Hygrochloa aquat/ca M 725.91 0 0 0 0 0 0 
F ,8,.,47 0 0 0 0 0 0 

Hymenachne acutigluma M 0 0 0 0 0 242.21 384.,35 
F 0 0 0 0 0 91.30 81.32 

/soates spp. M 1450.438 2404.977 3141 • 1258 0 10010 0 0 
F 121.91 141048 374.,25 0 0 0 0 

Ludwigia adscendens M NA 0 0 NA 0 NA 0 
F NA 0 0 NA 0 NA 91039 

Ludwigla perennis M NA 0 ,0.,0 NA 0 NA 0 
F NA 0 1Q± 10 NA 0 NA 0 

Llmnoph/la spp. M ,,79.,027 4440 110 192075 0 0 0 0 
F 54 .. 212 877.,77 404 ± 114- 0 0 0 0 

Maldenla rubra M 80.36 111 ± 48 81 ± 36 0 0 0 141.79 
F 635.,05 293.83 303>44 30.30 0 0 81.25 

Najasspp. M 181.76 30022 0 2220151 20" 20 30,30 61.61 
F 0 857,,68 40" 69 123H 393 30.22 14500188 444 .,8, 

Nllella sp. M NA 808.251 30.30 NA 20.20 NA ,4,.", 
F NA 4273.492 1394.227 NA 1141.388 NA 1040.388 

Nymphaea spp. M 0 263.87 20.,4 846.332 1283,. 279 2120181 727.222 
F 0 192.58 81.25 423.91 889.149 183 .. 438 909.,88 

Nympholdes spp. M NA 283.74 51.32 NA 81 :t: 41 NA 1568.487 
F NA 152> 58 111072 NA 131.71 NA 878" 166 

Oldenlandla sp. M NA 0 10.,0 NA 0 NA 10" 10 
F NA 0 0 NA ,0.,0 NA 0 

Oryza merldlonails M 272.56 10.,0 20.,4 0 0 60.30 0 
F 0 10"t 10 10 ± 10 0 0 0 0 

Pers/carla spp. M NA 0 0 NA 0 NA 81.33 
F NA 0 0 NA 0 NA ,0.,0 

Phyla nodinora M NA 0 40.40 NA 0 NA 0 
F NA 0 0 NA 0 NA 0 

Pseudoraphls splnescens M 0 20.,4 172.87 8318± 3836 1333.310 11060.2040 ,,82.42, 
F 0 0 0 80H 212 71.33 1813.844 7U36 

Utricularla spp. M 0 ,0.,0 0 80.60 20.20 30.30 9,.46 
F 0 222.99 '21.68 393* 212 go9,415 363>108 263.79 
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AppendixF 
Significant differences found in production of flowering culms (m-\ florets per 

inflorescence, germination of seeds, viability of ungerminated seeds and 

overall viability of seeds of four grass species that dominate different grassland 

communities on the Magela floodplain. 

Table F.1: Results of LSD test (p values) on the number of flowering culms m-2 recorded for 
Brachiaria mutica, Oryza meridionalis, Hymenachne acutigluma and Pseudoraphis spinescens 
recorded in their respective vegetation types during peak biomass production (May 1996) ( -
= p < 0.001). 

Oryza I Hymenachne 

t 
Pseudoraphis 

meridionalis acufig/uma spinescens 
Brachiaria mufica < 0.001- < 0.001- < 0.001-
Oryza meridianalis ~ < 0.001- < 0.001-
Hymenachne acutigJuma I ~ 0.431 

Table F.2: Results of LSD test (p values) on the number of florets per inflorescence recorded 
for Brachiaria mutica, Oryza meridionalis, Hymenachne acufigJuma and Pseudoraphis 
spinescens during peak biomass production (May 1996) (- = p < 0.001). 

Oryza Hymenachne Pseudoraphis 
meridianalis acufigJuma spinescens 

Brachiaria mufica < 0.001- < 0.001- < 0.001-
Oryza meridionalis ~ < 0.001- < 0.001-
Hymenachne acutigJuma ~ < 0.001-

Table F.3: Results of LSD test (p values) on percentage germination of Brachiaria mufica, 
Oryza meridionalis, Hymenachne acufigJuma and Pseudoraphis spinescens seeds placed in a 
growth cabinet for three weeks (*** = p < 0.001). 

Oryza I Hymenachne I Pseudoraphis 
meridionalis acufigluma spinescens 

Brachiaria mutica 0.396 < 0.001- 0.805 
Oryza meridionalis ~ < 0.001*** 0.276 
Hymenachne acufigluma 1 ~ < 0.001-

Table F.4: Results of LSD test (p values) on viability assessment (using tetrazolium chloride) 
of remaining ungerminated Brachiaria mutica, Oryza meridionalis, Hymenachne acufigluma and 
Pseudoraphis spinescens seeds after three weeks in a growth chamber (- = p < 0.001). 

Oryza I Hymenachne I Pseudoraphis 
meridionalis acufigluma spinescens 

Brachiaria mutica 0.155 0.071 < 0.001-
Oryza meridianalis ~ < 0.01*** < 0.001-

Hymenachne acutigluma I ~ < 0.01-
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Table F.S: Results of LSD test (p values) on overall viability (gennination + tetrazolium 
chloride tests) of Brachiaria mutica, Oryza meridionalis, Hymenachne acutigluma and 
Pseudoraphis spinescens seeds. (* = p < 0.05,*** = P < 0.001). 

Oryza I 
meridionalis 

Hymenachne I Pseudoraphis 
acutigluma spinescens 

Brachiaria mutica 0.116 0.476 < 0.001*** 
Oryza meridionalis ~ 0.028* < 0.001*** 
Hymenachne acutigluma I ~ < 0.001*** 
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AppendixG 
List of taxa found in this study either emerging from sediment samples or 

present in the extant vegetation. 

Azolla pinnata R. Sr. 
Blyxa aubertii Rich. 
Brachiaria mutica (Forsskal) Stapf 
Cyperus aquatilis R. Sr. 
C. platystylis R. Br. 
C. serotinus RoUb. 
Ceratopteris thalictroides (L.) Brongn. 
Chara spp. 
Coldenia procumbens L. 
Commelina lanceolata R. Br. 
Dentella dioeca Airy Shaw 
Eclipta prostrata (L.) L. 
Eleocharis spp. 
Eriocaulon setaceum L. 
Euphorbia vachellii Hook. & Am. 
Fimbristylis spp. 
Glinus oppositifolius (L.) R.OC. 
Heliotropium indicum L. 
Hydrilla verticil/ata (L.t.) Royle 
Hygrochloa aquatica Lazarides 
Hymenachne acutigluma (Steudel) Gilliland 
Ipomoea aquatica Forsskal 
Isoetes coromandelina L. t. 
Ludwigia adscendens (L.) H. Hara 
L. perennis L. 
Limnophila australis Wannan & J. T. Waterh. 
Maidenia rubra Rendle 
Merremia gem ella (N. Burman) H Hallier 
Najas spp. 
Nelumbo nucifera Gaertner 
Nitella spp. 
Nymphaea spp. 
Nymphoides spp. 
Oldenlandia sp. 
Oryza meridionalis N. Ng 
Persicaria sp. 
Phyla nodinora (L.) E. Greene 
Pseudoraphis spinescens (R. Br.) Vick. 
Salvinia molesta O. Mitch. 
Ufricularia spp, 
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