
11\1111111"" 
11900156696 

The Effect of Water Regime on 
luncus articulatus L.and Glyceria australis C. E. Hubb. 

in the New England Lagoons 

R. Geoffrey B. Smith 
B. Nat. Res. (UNE), L.T.H.C. (Ryde) 

A thesis submitted for the degree of 
Doctor of Philosophy of the University of New England 

April, 1998 



Declaration

I certify that the substance of this thesis has not already been submitted for any degree

and is not currently being submitted for any other degree.

I certify that to the best of my knowledge any help received in preparing this thesis,

and all sources used, have been acknowledged in this thesis.

ii



111 

Table of Contents 

List of Tables ............................................................................................................................................ v 
List of Figures .......................................................................................................................................... vi 
Acknowledgements .................................................................................................................................. x 
Preamble ................................................................................................................................................. xii 
i\bstract. ................................................................................................................................................ xiii 

CHAPTER 1 INTRODUCTION ..................................................................................................... 1 

1.1 INTRODUCTION ...................................................................................................................... 1 
1.2 AIMS ...................................................................................................................................... 3 
1.3 JUNCUS ARTICULATUS AND GLYCERIA AUSTRALIS .................................................................... 6 
1.4 THE NEW ENGLAND LAGOONS .............................................................................................. 9 
1.5 WATER REGIME ................................................................................................................... 15 

CHAPTER 2 HYDROLOGY OF THE NEW ENGLAND LAGOONS ................................... 19 

2.1 
2.2 

2.2.1 
2.2.2 
2.2.3 

2.3 
2.3.1 
2.3.2 

2.4 

INTRODUCTION .................................................................................................................... 19 
METHODS ............................................................................................................................ 20 

Collection of lagoon water level data ............................................................................. 20 
Model formulation and structure .................................................................................... 21 
Model input data .................................................. ........................................................... 23 

RESULTS .............................................................................................................................. 27 
Field data .................................................. ...................................................................... 27 
Model sensitivity results .................................................................................................. 29 

DISCUSSION ......................................................................................................................... 34 

CHAPTER 3 DISTRIBUTION OF J. ARTICULATUS AND G. AUSTRALIS IN THE NEW 

3.1 
3.2 
3.3 

3.3.1 
3.3.2 

3.4 

ENGLAND LAGOONS ................................................................................................... 36 

INTRODUCTION .................................................................................................................... 36 
METHODS ............................................................................................................................ 37 
RESULTS .............................................................................................................................. 40 

Distribution of J. articulatus and G. australis ................................................................ 40 
Correlation with environmental gradients ...................................................................... 43 

DISCUSSION ......................................................................................................................... 47 

CHAPTER 4 INDIVIDUAL PLANTS - RESPONSE TO WATER REGIME ...................... 51 

4.1 
4.2 
4.3 

4.3.1 
4.3.2 
4.3.3 
4.3.4 

4.4 

INTRODUCTION .................................................................................................................... 51 
METHODS ............................................................................................................................ 54 
RESULTS .............................................................................................................................. 58 

Overall response ............................................................................................................. 58 
The effect of proportion of time flooded ......................................................................... 60 
The effect of amplitude of water level fluctuations ......................................................... 60 
The effect of frequency of flooding. ................................................................................. 65 

DISCUSSION ......................................................................................................................... 66 

CHAPTERS INTERACTION BETWEEN J. ARTICULATUS AND G. AUSTRALIS ......... 69 

5.l 
5.2 
5.3 

5.3.1 
5.3.2 

5.4 

INTRODUCTION .................................................................................................................... 69 
METHODS ............................................................................................................................ 71 
RESULTS .............................................................................................................................. 76 

The effect of water regime and mixture on tiller number and height.. ............................ 76 
The effect of clipping, water regime and mixture on growth and reproduction .............. 79 

DISCUSSION ......................................................................................................................... 85 



IV 

CHAPTER 6 COMMUNITY RESPONSE TO WATER REGIME IN THE FIELD ........... 88 

6.1 
6.2 
6.3 

6.3.1 
6.3.2 
6.3.3 

6.4 

INTRODUCTION .................................................................................................................... 88 
METHODS ............................................................................................................................ 89 
RESULTS .............................................................................................................................. 92 

Speciesfrequency and cover class scores ....................................................................... 92 
Community responses to water level treatments ............................................................. 94 
Individual species patterns ............................................................................................. 96 

DISCUSSION ....................................................................................................................... 100 

CHAPTER 7 SEED AND SEED BANK GERMINATION .................................................... 103 

7.1 
7.2 

7.2.1 
7.2.2 

7.3 
7.3.1 
7.3.2 

7.4 

INTRODUCTION .................................................................................................................. 103 
METHODS .......................................................................................................................... 105 

Germination of seed in response to fluctuating temperature ........................................ l 05 
Germination from the seed bank. .................................................................................. 1 07 

RESULTS ............................................................................................................................ 110 
Germination of seed in response to fluctuating temperature ........................................ 110 
Germination from the seed bank. .................................................................................. 112 

DISCUSSION ....................................................................................................................... 117 

CHAPTER 8 DISCUSSION AND CONCLUSIONS .............................................................. 120 

8. 1 WATER REGIME ................................................................................................................. 121 
8.2 ECOLOGY OF J ARTICULATUS AND G. AUSTRALIS ............................................................... 124 
8.3 MANAGEMENT IMPLICATIONS IN NEW ENGLAND LAGOONS AND INVASIVE OF POTENTIAL OF 

J. ARTICULATUS ................................................................................................................................ 127 
8.4 FUTURE RESEARCH ............................................................................................................ 128 

References ........................................................................................................................................... 130 

Appendix A Program code for lagoon water balance simulation ....................................................... 146 

Appendix B Species list ...................................................................................................................... 148 

Appendix C AMG locations of lagoons ............................................................................................. 151 

Appendix D Publications arising from this thesis ............................................................................... 152 



v 

List of Tables 

Table 1.1 Characteristics of the New England Lagoons studied. Map sheets and grid references are 
included in Appendix C ......................................................................................................... 11 

Table 1.2 Water regime and policy changes at Mother of Ducks (compiled from Briggs (1976), Creek 
(1982) and White (1986)). Italics denote the type of change that took place, either natural, 
intentional or unintentional (after Brock et at. in press) ....................................................... 14 

Table 2.1 Multiplier values (EtlEo ratios) used to calculate evapotranspiration from evaporation 
depending on water depth. After Creek (1982) ..................................................................... 25 

Table 3.1 Cover abundance classes used for scoring species abundance. Adapted from (Mueller-
Dombois and Ellenberg 1974) ............................................................................................... 39 

Table 3.2 Percentage frequency of quadrats in groupings identified by cluster analysis (Figure 3.2) 
and the number of lagoons in which species were found ...................................................... .43 

Table 4.1 Analysis of variance of differences in (i) biomass and (ii) proportion of biomass in three 
experiments. Each experiment tested differences in allocation to roots, stolons, tillers and 
inflorescences between the two species (S), J. articulatus and G. australis. The first 
experiment (a) tested response to seven levels of proportion of time flooded (P). The second 
experiment (b) tested response to three levels of frequency (F) and proportion of time 
flooded. The third experiment (c) tested response to three levels of amplitude (A) and three 
levels of proportion of time flooded. Inflorescence data were analysed for J. articulatus 
only. F values are shown and significance at P < 0.05,0.01 and 0.001 are represented as *, 
** and *** respectively ......................................................................................................... 59 

Table 5.1 Experimental timetable showing dates on which tillers were counted and heights were 
measured (x), pots were clipped and biomass harvested (0) and the timing of water levels in 
the fluctuating treatment: waterlogged - solid arrows, submerged - broken arrows ............. 74 

Table 6.1 Cover abundance classes used for scoring species abundance. The midpoint was used for 
calculation of an importance value that combines frequency and cover abundance scores ... 91 

Table 6.2 Significance values (percentages) for pairwaise comparisons of treatments for seven dates. 
The values are the percentage of random allocations of quadrats into groups (/5000) that 
exhibit greater within group similarity than the treatment groups. Consistent differences are 
apparent between treatments that are at least 15cm apart by December 93. Quadrats were 
most affected by the dry conditions of the highest treatment which was more often 
significantly different to all other treatments, especially in January 1995 ............................. 96 

Table 7.1 Design of three of the seed bank germination experiments undertaken with samples from six 
sites. Columns show timing of collection and germination of samples, and the water regime 
treatments applied. The experiments investigated (a) the germination response to Water 
regime, (b) the Residual germination each successive year and (c) the Longevity of seeds 
when stored dry. The number of replicates and the collection year of samples are indicated . 
............................................................................................................................................. 108 

Table 7.2 Mean number of seeds (± standard deviation) of J. articulatus and G. australis that 
germinated from Mother of Ducks sediment in the glasshouse and outdoors in five seasons 
from spring 1992 to spring 1993 .......................................................................................... 116 



VI 

List of Figures 

Figure 1.1 A model of the links between information on the distribution and abundance of G. australis 
and J articulatus collected for this thesis. Adapted from Humphries et. al. (1991) ........... 5 

Figure 1.2 J articulatus growing at Mother of Ducks lagoon and detail of morphology ...................... 7 

Figure 1.3 G. australis growing at Mother of Ducks lagoon and detail ofmorphology ......................... 8 

Figure 1.4 Location of the New England Lagoons on the Northern Tablelands of New South Wales, 
Australia. Lagoon characteristics are described in Table 1.1 ................................................ 10 

Figure 1.5 Mother of Ducks Lagoon looking south. The levee enclosed nature reserve can be seen at 
the bottom of the photo and the township of Guyra and the golf course on the eastern shore 
of the lagoon (Photo courtesy NPWS) ................................................................................... 13 

Figure 2.1 Schematic representation of the water balance. Lagoon depth is the model output. Square 
boxes represent direct inputs and outputs, elliptical boxes are components dependent on 
water depth that modify the value of inputs and outputs. Block arrows represent water 
movement, thin arrows represent factors affecting water movement. The lagoon depth at the 
beginning of each day determines i) the surface area of water which determines the 
catchment area which determines the volume of runoff and ii) the multiplier which 
determines evapotranspiration and iii) overflow ................................................................... 22 

Figure 2.2 Pinch lagoon showing the well defined catchment typical of most lagoons ....................... 22 

Figure 2.3 Morphological profiles used for North Llangothlin and Pinch Lagoons based on areas 
measured from aerial photos and slopes measured at sites. Volumes were calculated as 5mm 
deep solids of the surface area at each depth ......................................................................... 26 

Figure 2.4 Water depths at four lagoons measured from 1993 to 1998. All lagoons show a similar long 
term pattern over the period of measurement. ....................................................................... 28 

Figure 2.5 Water depth distributions measured from 1993 to 1998 at a) Mother of Ducks, b) 
Barleyfields, c) Racecourse and d) Llangothlin lagoons. All lagoons show a bimodal 
distribution due to the long term fluctuation of depths in alllagoons .................................... 29 

Figure 2.6 Simulated depth distribution histograms for Pinch Lagoon using rainfall and runoff input 
data from a) Boorolong Creek (basaltic) and b) Pipeclay Creek (granitic) catchments ......... 30 

Figure 2.7 Simulated depth distribution histograms for Pinch Lagoon using constant values of a) 0 
mm, b) 5 mm, c) 10 mm and d) 15 mm per day groundwater seepage from the lagoon ....... 31 

Figure 2.8 Simulated depth distribution histograms for Pinch Lagoon at different outlet heights. 
Maximum depth was set above and below the value of 45 cm measured in the field: a) 15cm, 
b) 30cm, c) 45 cm, d) 60cm, e) 75 cm ................................................................................ 32 

Figure 2.9 Simulated depth distribution histograms for Pinch Lagoon with a) and without b) an 
evaporation multiplier. The maximum depth in both simulations was 45cm ....................... 33 

Figure 3.1. Diagram of sampling used in a typical lagoon morphology. The distance between 
quadrats on the transect CD) was varied depending on the width of recognisable vegetation 
zones ...................................................................................................................................... 38 



Figure 3.2 Dendogram of quadrats clustered according to compositional dissimilarity of species 
presence/absence. Major and minor groupings are indicated on the left. Branch labels 
indicate the lagoon and the position on transect (1 - lowest end to 6-9 highest end of 
transect). Most abundant species in each group are indicated in boxes on the right. Full 

vii 

species names are included in Appendix B ........................................................................... .41 

Figure 3.3 Abundance of common species at different maximum depths at the sixteen sites surveyed. 
G. australis, J articulatus, M variifolium and E. acuta occurrences in Mother of Ducks 
quadrats are clearly separated, as are T repens and A. avenacea at Racecourse lagoon ...... .45 

Figure 3.4 Ordination diagrams of quadrats showing a) groups defined by cluster analysis (see Figure 
3.2 and text for details) and b) maximum possible depth at each quadrat and the ratio of 
catchment to surface area (C/A ratio) at each quadrat. (see methods for explanation of how 
these were calculated) ............................................................................................................ 46 

figure 4.1. Water regimes in the three experiments testing response to variation in a) Proportion of 
time flooded, b) frequency of fluctuations and proportion of time flooded and c) amplitude 
of depth fluctuations and proportion of time flooded ............................................................ 56 

Figure 4.2 Experimental setup showing the tubs and the mechanism for suspending pots that was 
designed and constructed so that individual pots can be raised and lowered independently. 57 

Figure 4.3 Mean biomass (a & b) and mean proportion of biomass (c & d) allocated to roots, tillers, 
stolons and inflorescences by G. australis ( a & c ) and J articulatus ( b & d ) in response to 
seven proportion of time flooded treatments. Error bars are standard error of the mean ...... 62 

Figure 4.4 Mean biomass (a & b) and mean proportion of biomass (c & d) allocated to roots, tillers, 
stolons and inflorescences by G. australis ( a & c ) and J articulatus ( b & d ) in response to 
three amplitude of water level fluctuation treatments and three proportion of time flooded 
treatments. Error bars are standard error of the mean ........................................................... 63 

Figure 4.5 Mean biomass (a & b) and mean proportion of biomass ( c & d) allocated to roots, tillers, 
stolons and inflorescences by G. australis ( a & c ) and J articulatus ( b & d ) in response to 
three frequency of flooding treatments and three proportion of time flooded treatments. 
Error bars represent the standard error of the mean ............................................................... 64 

Figure 5.1 Photo of the experimental setup showing the tubs built for the experiment and pots in tubs. 
Water levels within each tub were maintained at one of three water levels; waterlogged (base 
of the pot underwater), submerged (soil surface 10 cm below water level), and fluctuating 
between these two relatively static levels .............................................................................. 73 

Figure 5.2 Diagram of experimental layout showing the arrangement of tubs in blocks, pots in tubs, 
plot levels and treatments. The water regime treatments in the tubs were either waterlogged 
-W, fluctuating -F or submerged -So The mixtures treatments contained in each tub were G. 
australis monoculture - Gm, J articulatus monoculture - Jm or ratios of the two species -
1 :3, 2:2, 3: 1 and each pot was either clipped - (shaded) or unclipped (unshaded) ................ 74 

Figure 5.3 Mean maximum height (a & b) and mean number of tillers (c & d) of J articulatus (a & c) 
and G. australis (b & d) after eight, sixteen and twenty four weeks of growth, under three 
water regimes: waterlogged, fluctuating and submerged. Bars in the top left of each figure 
are least significant difference for sub-plot comparisons (p<0.05) ........................................ 77 

Figure 5.4 Mean maximum height (a & b) and mean number of tillers (c & d) of J articulatus (a & c) 
and G. australis (b & d) after eight, sixteen and twenty four weeks of growth in four 
mixtures: monoculture, 25%JI75%G, 50%J/50%G, 75%J/25%G. Bars in the top left of each 
figure are least significant difference for sub-plot comparisons (p<0.05) ............................. 78 

Figure 5.5 Number of tillers (a & c) and height (b & d) plotted against total dry weight per pot of G. 
australis (a & b) and J articulatus (c & d). Significant regression lines are shown with 
probability and r squared values ............................................................................................ 79 



Vl11 

Figure 5.6 Mean dry weight per plant of (a) J. articulatus and (b) G. australis in four mixtures when 
clipped (clear) or unclipped (hatched). Inflorescence biomass is shown at the top of each bar 
(black). The same letter indicates vegetative biomass means that are not significantly 
different (p<0.05). Differences between inflorescence means are not shown as G. australis 
inflorescence data were not analysed and for J. articulatus the mixture x clipping interaction 
term was not significant. ........................................................................................................ 80 

Figure 5.7 Mean dry weight per plant of a) J. articulatus and b) G. australis under three water regimes 
when clipped (clear) or unclipped (hatched). Inflorescence biomass is shown at the top of 
each bar (black). The same letter indicates vegetative biomass means that are not 
significantly different (p<0.05). Differences between individual inflorescence means are not 
shown as G. australis inflorescence data were not analysed and for J. articulatus the mixture 
x clipping interaction term was not significant. ..................................................................... 81 

Figure 5.8 Dry weight per plant (+ se) of J. articulatus (unshaded) and G. australis (shaded) grown 
for two years under three water regimes in three mixtures and in monoculture .................... 83 

Figure 5.9 The model of de Wit (1960) fitted to dry weight data for three water regimes and two years 
using the maximum likelihood estimation method of Machin and Sanderson, (1977). J. 
articulatus - J. & star, G. australis - G & circle .................................................................... 84 

Figure 6.1 Photograph showing two blocks of lagoon bed at Mother of Ducks Lagoon shortly after 
treatment, one raised 15 cm (background) and one lowered 15 cm treatment (foreground). 90 

Figure 6.2 Boxplots of frequency values in the seven cover/abundance classes for six species of 
varying growth form measured in spring 1993 and summer 1994. Box plots represent 

median, interquartile ranges (* = outlier) .............................................................................. 93 

Figure 6.3 Water levels during the course of the experiment with the lagoon bed (0 cm depth) and 
level of the five treatments shown. The numbered points represent dates on which 
measurements were made ...................................................................................................... 94 

Figure 6.4 Ordination diagram on the first two SSH axes (vI & v2). The points are means of the SSH 
coordinates for the six quadrats of each treatment on each date. Symbol type shows the 
treatment and numeric labels indicate sequential dates (see Figure 6.3). More similar points 
are closer together on the plot. Note the dominant pattern is a similarity within treatments 
during Summer 1993/4 (until approximately date 10), especially the lowest and highest 
treatments located at the bottom right and top centre of the plot respectively. After May, 
1994, (dates 10, 11 and 12) there is major change in composition in all quadrats across all 
treatments (located to the left of the plot) .............................................................................. 95 

Figure 6.5 Mean importance values for a) G. australis, b) P. tricarinatus and c) A. avenacea for each 
of the five treatments. The water level fluctuations from Figure 6.3 are overlaid on each 
graph. The arrow indicates the date when treatments were imposed ..................................... 97 

Figure 6.6 Mean importance values for a) J. articulatus, b) M variifolium and c) E. acuta for each of 
the five treatments. The water level fluctuations from Figure 6.3 are overlaid on each graph. 
The arrow indicates the date when treatments were imposed ................................................ 98 

Figure 7.1 Diagram showing the diurnally fluctuating temperatures of individual cells on the 
thermogradient plate. The hatched area is the cells with J. articulatus seeds and the clear 
area is cells with G. australis seeds ..................................................................................... 106 

Figure 7.2 Percentage germination of J articulatus and G. australis after twenty six days in response 
to diurnal fluctuating temperatures on the thermogradient plate. The two base axes are 
minimum and maximum diurnal temperatures. Note different maxima on the vertical axes . 
............................................................................................................................................. 111 



Figure 7.3 Mean number of J articulatus seeds which germinated under three water regimes 
(waterlogged - clear, fluctuating - black, submerged - hatched) from sediment cores 
collected at six sites in five lagoons over three years (n=9). Error bars are standard 

IX 

deviations ............................................................................................................................. 113 
Figure 7.4 Mean number of G. australis seeds which germinated under three water regimes 

(waterlogged - clear, fluctuating - black, submerged - hatched) from sediment cores 
collected at six sites in five lagoons over three years (n=9). Error bars are standard 
deviations ............................................................................................................................. 114 

Figure 7.5 Total number of seeds of (a) J articulatus and (b) G. australis germinating from (i) 
residual experiment sediment cores collected in each year from 1990 to 1993 at Mother of 
Ducks (symbols represent the year of collection 0 = 1990, 1 = 1991, etc. Cores were 
waterlogged from the year of collection until 1996), and (ii) longevity experiment mixed 
sediment (symbol- L) collected in 1990 at Mother of Ducks (sediment was stored dry and a 
new sample used each year until 1996). Note the different scales on the vertical axes for J 
articulatus and G. australis and for the residual experiment (left axis) and longevity 
experiment (right axis) ......................................................................................................... 115 



x 

Acknowledgements 

This thesis was made possible by funding from the Land and Water Resources 

Research and Development Corporation as part of a project entitled "The Role of 

Seed Banks in Maintaining or Rehabilitating Vegetation in Temporary and Permanent 

Wetlands". The seed bank data presented in Chapter 7 was made available from the 

project by the principal investigator and my supervisor Dr Margaret Brock. I gave 

some assistance in data collection but am responsible for the analysis, presentation 

and interpretation of the data. I am grateful for the use of this data, which allows me 

to present a much more complete picture of the ecology of J articulatus and G. 

australis in the New England lagoons. 

I would like to acknowledge the many people who provided help during the research 

for and production of this thesis: 

• I am indebted to Dr Margaret Brock, my supervisor, for her help and advice and for 

the tireless support and encouragement she has provided. 

• Kevin Theodore showed me the ropes around the Botany Department and the 

lagoons and gave me many hours of field and technical assistance. 

• Dorothy Bell helped me in preparing experiments, reconnoitering lagoons, 

identifying plants and proof reading. Most importantly I am grateful for the many 

helpful (and sometimes heated) discussions. 

• Sam Smith gave me many long days of field assistance. 

• Michelle and Anthony Casanova helped with comments on early drafts, resource 

material and many helpful discussions. 

• Mark Gardener gave helpful comments on drafts of this thesis. Chris Cooper, 

Mike Henderson, Rick Kenny, Doug Clarke, Warren Sheather, Gordon White and Dr 

Jeremy Bruhl, Debbie Blinman and many other staff and students around the Botany 

Department helped with all manner of things. 



xi 

• Bob Leggat from the NPWS provided resources, enthusiasm and slides of Mother 

of Ducks Lagoon. The green keepers at the Guyra Golf Club cheerfully towed me out 

when I got bogged. 

• Jim O'Neill helped with technical assistance on computing matters. 

• Dr Peter Clarke, Dr Andrew Boulton and Prof. Wal Whalley, provided helpful 

discussions and advice. 

• The N. C. W. Beadle Scholarship Fund provided financial assistance. 

• And lucky last, I thank J 0, Maddi, Clint, Beau, Annabel and Phoebe Smith for all 

their love and support and for the considerable sacrifice they made for this thesis. 



Preamble 
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Smith, R. G. B. and M. A. Brock. 1996. Coexistence of Juncus articulatus L. and 

Glyceria australis C. E. Hubb. in a temporary shallow wetland in Australia. 

HydrobiologialDevelopments in Hydrobiologia, 340, 147-151. (Chapter 5) 

xii 

Smith, R. G. B. and M. A. Brock. 1998. Germination potential, growth patterns and 

reproductive effort of Juncus articulatus and Glyceria australis in temporary shallow 

wetlands in Australia. Wetlands Ecology and Management. 5,203-214. (Chapters 5 

and 7) 

Brock, M. A., Smith, R. G. B. and P. J. Jarman In press. Drain it, dam it: alteration of 

water regime in shallow wetlands on the New England Tableland of New South 

Wales, Australia. Wetlands Ecology and Management. (Section 1.4) 

Copies of these papers are appended (Appendix D). The work in the first paper is my 

PhD work presented in Chapter 5. The work in the second paper is also my PhD work 

but contains seed bank data from Dr Margaret Brock. The analysis, presentation and 

interpretation of this data are my work. In the third paper I was responsible for 

collation of historical data and for some of the ideas addressed and partook in analysis 
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Abstract 

The New England lagoons are shallow and temporary wetlands on the northern 

tablelands of New South Wales, Australia. Juncus articulatus is an exotic aquatic 

species that occurs over large areas of Mother of Ducks Lagoon and parts of Little 

Llangothlin Lagoon, but is rare in other lagoons. The other dominant perennial 

species at Mother of Ducks and common in many lagoons, including Little 

Llangothlin, is the native grass Glyceria australis. Of primary importance to the 

ecology of the lagoons is the pattern of water level fluctuations or water regime. 

Little is known of the ecology of either species in relation to water regime or of the 

potential of J articulatus for invasion of wetlands. 

XU1 

Unlike the more tropical climates to the north and the more temperate climates to the 

south, the water regimes in the lagoons do not have a seasonal pattern. Water levels 

in a range of lagoons measured over several years showed fluctuations at time scales 

greater than one year as well as shorter intervals. A hydrological model of water 

depth in the lagoons showed water levels to be sensitive to rainfall, evaporation, 

groundwater flow as well as the geology and physical characteristics of the lagoons 

and their catchments. Plant community composition in the lagoons was realted to 

latitude, geology and proximity to other lagoons and also to damming. 

A combination of field, glasshouse and outdoor experiments confirmed that water 

regime affected the seed bank dynamics, growth, reproduction, interaction and 

coexistence of J articulatus and G. australis. An experimental methodology was 

developed to test the effect of individual components of water regime. There was no 

difference in biomass allocation between the two species in response to the proportion 

of time flooded, whereas the contrasted reproductive allocation of the two species 

varied in response to the amplitude or frequency of water level fluctuations in 

combination with proportion of time flooded. G. australis growth was less reduced 

by dry periods than J articulatus and G. australis had a consistently higher ratio of 

root to shoot biomass. G. australis flowered infrequently in pot experiments, whereas 

J articulatus consistently allocated biomass to inflorescences under all water regimes, 



XIV 

even when growth was restricted. Both species produced stolons in all experiments, 

most often when water levels were high and stable. 

In a manipulative field experiment that measured changes in species composition in 

response to changed lagoon bed levels, G. australis and J. articulatus were 

intermediate in the speed of response compared to other coexisting species. Some 

species responded rapidly, whereas others showed little change. Species strategies, 

based on tolerance or response to water level changes, should be considered when 

interpreting plant community changes at different time scales. In field and pot 

experiments, J. articulatus displayed less drought tolerance than G. australis and 

other native species, including some that usually grow in wetter situations than J. 

articulatus. In a pot experiment investigating competitive interactions in reponse to 

water regime, J. articulatus had greater competitive ability during the first year, but 

G. australis was the better competitor during the second, especially when not flooded. 

Therefore, J articulatus needs to reproduce from seed more often than native species 

to survive in the New England lagoons. 

J. articulatus germinated in very high numbers from Mother of Ducks Lagoon 

sediment but rarely from other lagoons in the region. In contrast, G. australis 

germinated in comparatively low numbers from Mother of Ducks Lagoon sediment 

and rarely from other lagoon sediments, despite being present in the extant vegetation 

in many lagoons. In glasshouse and field exeriments, both species had persistent seed 

banks from which only a small percentage of seeds germinated in repeated wetting 

events and from sediment stored dry. Grazing stimulated above ground vegetative 

and sexual reproduction for J. articulatus and production of high numbers of tillers 

facilitated sexual reproductive effort . 

.J articulatus occurs throughout the region in drains and creeks but is rare in lagoons 

other than Mother of Ducks. Our results suggest that management of this exotic 

species should be directed towards minimising competitive advantage and recruitment 

opportunities. This could be achieved by manipulating water regimes to ensure there 

are drought periods, in combination with minimising soil disturbance from grazing by 

maintaining vegetative cover. 
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