IMPACTS OF AN ALTERED WATER AND SALINITY
REGIME ON THE CONDITION OF WETLANDS IN THE

UPPER SOUTH EAST OF SOUTH AUSTRALIA

By

Abigail May Goodman
School of Earth and Environmental Sciences and School of Civil, Environmental and Mining

Engineering

A thesis submitted to The University of Adelaide for the degree of

Doctor of Philosophy

April 2012




TABLE OF CONTENTS

Impacts of an altered water and salinity regime orthe condition of wetlands in

the Upper South East of South Australia .........cccceevveeeiiiiiiiiiiiiiiie e i

Table Of CONTENTS .....coeiiie it e e e e e e e e eaeebbbbeeee e [
LISt OFf TADIES ... e e e e e e e e e e e e e eeeeeaenees %
LISE O FIQUIES ...ttt e et e e e e e e e e e e e eeeeeeaaeees Vi
LY 013 1 = Lox PP TUPPPPPPPTPPPPPP Vil
Declaration of OrigiNality .........cceeiiiiiii e Xi
Publications associated with this thesSiS..........c.co e, Xii

0TSV o PP Xiv
ACKNOWIEAGEMENLS ... e s XV
1 LItErature REVIEW ......cueiiiiiiiiiiiiieee oottt e e 1

1.1 Importance of hydrology on the structure ofagumacrophyte
(00] .01 0 41010115 1
1.2 Secondary SaliNiSAtiON...........ccevvvtmmmmmmm e e eeeeeeeeeeeeeeeiiiern e e e e e e eeeeaeas 2

1.3 Importance of salinity on the structure of dguaacrophyte communities 4

131 Physiological and Growth ReSpoNnSse .........occeeeeeeiiiiiiiiiiiiiieeeeeiiiiis 5

1.3.2 Morphological and community salinity effects.............cccciieiiinniins 7

1.3.3  Seed bank reSPONSE.....cccoeei e e e

P2 | 11 (0 To [0 [ 1[0 o OO PP PP PP 11

2.1  Study Area — Upper South East of South Australi............cccccevvvevnnnnnnn. 11
2.2 Salinity INTthe USE.........iiii et 12
2.3 Upper South East Dryland Salinity & Flood Masaugnt Program
(USEDSEFMP) ..ottt e e e e e e e e e e e nee e e e nnees 14
2.4  Restoring Environmental Flows to the Upper Bdtast Wetlands
(REFLOWS) ...ttt eeeees ettt en et ennanas e 14
2.5  The Drainage SYSIEM ......ccooiiiiiiiiiiiiiiaiae e e e 15
2.6  Wetland Management............ooveviiiiiceeeeeieeeeieiiiisss s e s e e e eeeeeaeeeeeennnnes 16
2.7 AIMS e e e 17

2.7.1  Aim 1: Evidence of recent salinity change on tbeaflof South East
wetlands 17
2.7.2  Aim 2: Predicting probability of occurrence of waatl plants .......... 18

2.7.3  Aim 3: Effects of evapoconcentration.........m.eeeeeeeeiiininnnnneee... 18



2.7.4  Aim 4: Effects of a pulsed salinity regime ....ccccccoovvvvvvviiiiviveinnnnnn. 19
2.7.5  Aim 5: Effects of inundation and salinity on thergmation from the
seed bank19

3 Evidence of salt accumulation in wetlands and charmgin species
(o0 14100 1S 11 o] o B 20
3.1 INEFOAUCTION ...t 20
3.2 Materials and MethOdS. ............uiii i 22
3.2.1 Species COMPOSITION ......coiiiiiiiiiiiiiiieeee e 22
3.2.2 Development of Conceptual Model..........cccoeeeeeviiiiiiiiieiiiiiiienn, 23
3.2.3 Evidence to support the Conceptual Model - Disckagauging
stations 23
3.24 Evidence to support the Conceptual Model - Surbawegroundwater
salinities 24
3.3 RESUILS ... 24
3.31 Comparing Species COMPOSItION..........cooiieeeeeeeiieeeeee e 24
3.3.2 The Conceptual Model..........oooiiiiiiiiiiii 30
3.3.3 Evidence to support the Conceptual Model - Compggahiydrology
pre- and POSt-2000........ccoiiiiiiiieiiiieiieeeeeee e e e e e e ———————— 34
3.34 Evidence to support the Conceptual Model - Compggpsunface water
and groundwater SAlINITIES ............uuuuuermmmmeeeeeeeiieiiira e e e e e e e e eeeeeeeeeees 35
3.4 DISCUSSION ...ttt ettt ettt e e e e e et et e e e e e e e e e e e e e e e bbbt eeeeeeeessaans 39
3.4.1 Change in species COMPOSITION .........oiiii i eeeeeeeeeeviiiiree e 39
3.4.2 Changes in hydrology and comparison of surface maate
groundwater SaliNItIES ..........ooviiiiiiiiii e 40
4  Predicting probability of occurrence of wetland plants under elevated
STz 11T =0 L1 42
4.1 T a oo [¥ ox 1o o F OSSR 42
4.2 Materials and MethOdS. ...........uiii i 44
4.2.1 Wetland SUIVEYS.......ccooiiieeeeeeiii i emmmmmm e 44
4.2.2 Probability of Occurrence CUIVES.............ceeemeeeeiiiiiiieeeeeeeeeeeeeeennnns 44
4.3 RESUIS .. s 45
4.4 DISCUSSION ..ttt ettt ettt e e e e e e e e e e e e e e eeeeeeeeeees 50
5 Investigating the effects of seasonal evapo-conceation on three aquatic
g F=Tod £0] o] )77 (S PURS 55

ii



5.1 INEFOAUCTION ...t 55
5.2 Materials and MethOdS.............oooi i vt 56
5.2.1  Species and soil description and collection..................ccccccvvvvvnnns 56
5.2.2 Experimental deSigN........cooo e 57
5.2.3  StatistiCal analYSIS ........cevuuurruummnn s e eeeeeeeeeeeaeeeeeeeerennnnn s 59
5.3 RESUILS ... 59
5.3.1 SUIVIVAL .. 59
5.3.2 Baumea arthrophylla ................oeeii e 64
5.3.3 Bolboschoenus medianus ............oooooiiii e 64
5.3.4  SOIl SAIINILY ..uuuiiiiiii e 65
5.4 DISCUSSION ..ttt et ettt e e e e e e e e e e e e e e e e eeaaeeeees 68
541 Depth-Salinity REQIME .......coooviiiiiiiiiiiee e 68
5.4.2  Salinity TreatMent.......cccoeeiiii e e e e e e e e e e e e e e e e e eeeeanee s 69
5.4.3  Wetland Soil and Salinity INteraction .........ue..coooeeeeeeeeeereeeeeeennnnns 70
544 SOil SaliNItY ..o e L O
6 The response of freshwater plants to salinity pulse.........cccccceeiiiiiiinn. 72
6.1 INEFOAUCTION ... 72
6.2 Materials and MethOdsS.............oooi i v eeeeeee e 74
6.2.1  Species description and collection..........ccceeeeeevviiiiiiiiiiiiiiiiiaeeee. 74
6.2.2 Experimental deSigN........ccoo e 74
6.2.3  Growth analysis during exposure and recovery phase................ 76
6.2.4  StatistiCal aNalYSIS .......ccevuurrriunnnn s e e e e e e e e e e e e eeeeeeeeeree s 77
6.3 RESUIS .. s 78
6.3.1 TrigloChin ProCerUM .....ooviiiiiice e 78
6.3.2 Myriophyllum SIMUIANS.............uuniiiii e 80
6.3.3  Cotula coronopifolia...........ceeeuevuiinninmmmmn e ee e e e e e 81
6.3.4 Baumea arthrophylla .................ueii e 83
6.3.5 Survival and biomass allocation.............ccceeiiiiiiiiiii 83
6.4 DISCUSSION ...ttt ettt e e et ettt e e e e e et e e e e e e e s s anns 85
B.4.1  SUIVIVAL ...outiiiiiiiiiiiiiiiie s 85
6.4.2  Above Ground BIOMasS.........ccoiiiiiiiiiiiiiiiiie e 85
6.4.3 Below Ground BIOMAaSS.......coooeeiiiiiiiiies ettt 85
6.4.4  TOtal BiOMASS......cuutiiiiiiiiiiiiiiiiie e 86
6.4.5 Relative Growth Rate............oooviiiiiiiieeeee e 87

jii



6.4.6 Management impliCatioNS .............uuueiiicreeeeiicie e e e e e e 88
7 The effect of inundation and salinity on the germiation of seed banks from
wetlands in SOUth AUSHIalia .......coooiiiiiie e 90
7.1 INEFOAUCTION ..t e e e e e e e 90
7.2 Materials and MethOdS.............oooi i vt 91
7.2.1  Site description and soil COIlECHION .........commmereeiiiieiieeeeeeeeieeiieiininns 91
7.2.2 Experimental deSigN...... .o 92
7.2.3 Statistical aNaAlYSIS ......ccooviiiii i 93
7.3 RESUILS ...t 93
7.3.1  Seedling EMEIrgENCE......ciiiiii i e e e ee et eeeeeeees e e e e e 93
7.3.2 Two-way PERMANOVA ... s et e e e eeaan 94
7.3.3 (@70 [ 0= 11 o] o [P UUPPPPPP 95.
T4 DISCUSSION ...ttt ettt e e e e e ettt e e e e e e e e e e e e e e e bbb b eeeeeeeessanas 96
8 General Discussion and CONCIUSIONS.........uutueeeeiiiiiiiiiiiiieeee e 99
8.1 KNOWIEAGE GaAPS ... ittt s e e e e e e e e e e e e eeeeeeeeennnnas 101
8.2 (0] o o3 [1 ] o] o 1SR 103
Appendix I. Copy of publication of work from Chapter 6................cccovvvvvvvennnnnns 105
Appendix Il. Copy of publication of work from Chapter 7..........ccccceeeeiiviieeeenn. 114
B (=] (=T o ST PP 119



LIST OF TABLES

Table 3-1: Summary of survey data for pre-2000 @o&t-2000 comparison. ........... 23

Table 3-2: Species recorded in pre- and POSt-2Q0PS .......ccevvrrerreeerriieeeeeeeiiiiinnns 28

Table 3-3: Conductivity readings of the surfaceexatf wetlands and unconfined
aquifer from neighbouring Obswell bores recordethan09/10 season. ....... 38

Table 4-1: Summary of wetland salinity and diversihere “Total No. Species” is
the total number of species recorded across atlrgtsin each wetland over
DOth SUIVEY PEIIOUS. ..eeeviiiiiiee et e e e 46
Table 5-1: Analysis of soil from Big Telowie anduggery wetlands....................... 57
Table 5-2:F andp values for the three-way ANOVA (salinity regimexsoi
typexlifestage) foifriglochin procerumand the two-way ANOVA (salinity
regimexsoil type) for the dry weights and measi&smea arthrophylland
Bolboshoenus medianus.............cooiiiiiiiiiiiiiii e 63
Table 5-3: Results of one-way ANOVA comparing 0-5sample to the 5-10cm
sample for each salinity treatment ..........cccceeoeoeiiiiiiiiiiie e 8.6
Table 7-1: Summary of site characteristics for Bo8kwamp, Hanson Scrub and
BUNDUIY CP. .o e e e aeeeeee e 92



LIST OF FIGURES

Figure 2-1: Map of the South East region showihg:WSEDS&FMP deep drains
(burgundy), the West Avenue complex (red); the Mbat complex (light
blue); the Bakers Range complex (green); and thamas sampled in the
November 2007, November 2009 and January 2010..........cccoeeeeeeeeeneeee. 13

Figure 3-1: NMS Ordination showing the positiongair wetland
watercourses/complexes in the South East: BakargdRaatercourse; Bool
and Hacks lagoons; Marcollat watercourse; and Weshue watercourse, in
relation to their floristic compositions pre-20@pén triangles) and post 2000
(o (o ST I £ =T g T | [ TR 27

Figure 3-2: Conceptual diagrams illustrating thenaction between the water in the
unconfined aquifer and surface water when a wetisina) filling; b) drying;
and €) COMPIEtelY ArY......ooooi i e 33

Figure 3-3: Discharge recorded at gauging stat@na) Rowney Rd on the Marcollat
Water Course, b) Mosquito Creek and c) Callenda&guiator, upstream from
the Bakers Range Water COUISE .....uuuuuuiiiiireiieeeeeeeeeeeeeeeeeeeein e 6.3

Figure 3-4: Map of the South East region displayhgconductivity ¢S cm’) of the
groundwater (small circles) recorded between AugaodtOctober 2009 and
wetlands (large circles) recorded in November 20Q9..............ccccceeeeeeene 37

Figure 3-5: Correlation of difference in salinitgttveen surface water in wetlands and
the surrounding groundwater and distance northdetircles) and average
annual rainfall and distance north (blue circleghwhe dashed lines
indicating the 95% confidence intervals. ..., 39

Figure 4-1: Number of species recorded in a siggkdrat for wetlands of different
conductivities in (a) November and December 201hd; @) January 2011. .47

Figure 4-2: 2-D NMS ordination (stress equals 16djparing the plant community
of nine wetlands surveyed in November/December ZBIHEk triangles) and
January 2011 (grey triangles) with the conductivisgtor displayed in red..48

Figure 4-3: Curves predicting the probability otoaence vs log conductivity for
macrophyte species where dashed lines are the 66ftlence intervals and
the different colour dots represent different wedls and the modelled
occurrence of the species at those wetlands..............ovciiiiiiiiieeeeee, 49

Figure 5-1: Salinity and water depth profile oves tourse of the experiment where
black, dark grey, light grey and white represeri, %250, 12500 and 18750
uS cm’ respectively and the squares and continuous dipesent Big
Telowie treatments (BT) and the triangles and bndkee represent Snuggery
TrEAMENTS (S). 1oii i i i e e e s e e e e e e e e e e e e e e e aeeeee e 60

Figure 5-3: Final (a) dry weights of morphologitedtures, (b) number of leaves and
(c) total length of leaves f@@aumea arthrophyll&xposed to starting salinities
of 1500uS cni* (black); 625QuS cm’ (dark grey); 1250QS cm’ (light
grey); and 1875@S cni* (white) in soil from two wetlands; Big Telowie (BT
and Snuggery (S) (Table 5-2). ......uuvuiiieeee e 66.

Figure 5-4: Final (a) dry weights of morphologiéedtures, (b) number of leaves and
(c) total length of leaves f@olboschoenus medianagposed to starting
salinities of 150QS cmi* (black); 625QuS cni' (dark grey); 1250QS cmit
(light grey); and 1875QS cmi* (white) in soil from two wetlands; Big
Telowie (BT) and Snuggery (S) (Table 5-2)...ccaceeeiiiiiiiiiiiieeeeeeeeeeis 67

vi



Figure 6-1: Total dry mass (g dry mass) to leagtar(cm) relationship for (al).
procerumand total dry mass (g dry mass) to stem length (etationship for
(b) M. simulans(c) C. coronopifoliaand (d)B arthrophylla......................... 77
Figure 6-2: (a) RGR (gbdry mass d), (b) Total (g dry mass), (c) Leaves (g dry
mass), (d) Below ground biomass (g dry mass), (defs (g dry mass) and (f)
Roots (g dry mass), far. procerumexposed to conductivities of
<1500uS cni* (black bars), 6250S cm® (dark grey) and 12500S cni'
(light grey) where 3 ex and 6 ex represent theetlweek and six week
exposure periods and 3 ex re and 6 ex re reprédseeiposure periods plus a
four week recovery period. SE bars are shown aretevietters are present,
they refer to significant differences within a tiperiod, due to salinity
effects, as determined by a one-way ANOVA....cciiiiiiiiieeeeeeeiiies 79
Figure 6-3: (a) Dry weight RGR (g'aglay?), (b) total dry weight (g), (c) dry weight
of stems (g), and (d) dry weight of roots (g), kbrsimulansexposed to
conductivities of <150QS cm® (black bars), 6250S cmi* (dark grey) and
12500uS cni’ (light grey) where 3 ex and 6 ex represent theethweek and
six week exposure periods and 3 ex re and 6 eapresent the exposure
periods plus a four week recovery period. SE begshown and where letters
are present, they refer to significant differenaéiin a time period, due to
salinity effects, as determined by a one-way ANOVA...........ccccvvvvverrvnnnns 81
Figure 6-4: (a) Dry weight RGR (g'glay™), (b) total dry weight (g), (c) dry weight
of stems (g), (d) dry weight of roots (g) and (g) @eight of leaves (g), for
C. coronopifoliaexposed to conductivities of <1508 cm’ (black bars),
6250uS cm* (dark grey) and 12500S cnmi' (light grey) where 3 ex and 6 ex
represent the three week and six week exposuredseaind 3 ex re and 6 ex re
represent the exposure periods plus a four weekeeg period. SE bars are
shown and where letters are present, they refeigtoficant differences
within a time period, due to salinity effects, &taetmined by a one-way
ANOVA. ettt e e e e e e e e e e e e s 82
Figure 6-5: (a) Dry weight RGR (g'alay?), (b) total dry weight (g), (c) dry weight
of stems (g), (d) dry weight of roots (g) and (g) @eight of leaves (g), for
B. arthrophyllaexposed to conductivities of <1508 cm’ (black bars),
6250uS cm* (dark grey) and 12500S cni' (light grey) where 3 ex and 6 ex
represent the three week and six week exposuredseaind 3 ex re and 6 ex re
represent the exposure periods plus a four weekeeg period. SE bars are
shown and where letters are present, they refgigtoficant differences
within a time period, due to salinity effects, &taetmined by a one-way
ANOVA. et e e e e e e e e e e 84
Figure 7-1: (a) Mean number of seedlingé amd (b) the number of species; that
emerged from the three different wetland sedimentier drained or flooded
water regimes in each of the different salinitytreents ¢S cm®). Bars
represent standard deVIatiONS. .............coccceeeeereeererrriri e eeeeeees 94
Figure 7-2: 2-D Ordination (stress =9.48) of saraflabelled triangles) in relation to
the associated species (dots) with the vectorgsepting water regime
(r’=0.5) and salinity G=0.1) diSplayed. ...........cccoveveeeeeeiest e 95

vii



ABSTRACT

The Upper South East (USE) region of South Austradivers over 1M ha and is the
largest area affected by dryland salinity in Sobistralia. In 1999, it was estimated
that 40% of the region was affected by salinity.rilitigate the threat of flooding and
secondary salinisation, an extensive network ahdraas recently been constructed.
Whilst these drains may have a positive effecth@enagricultural land, the impacts
they will have on the hundreds of wetlands in #gon is as yet, unknown. It is
likely that the hydrologic regimes the wetlands exposed to will be highly modified
and the quality of the water that supplies thenh balgreatly affected by high salinity

levels.

This work examined the impact of these landscapke sshanges on wetlands in the
South East region of South Australia and investigatays in which water from the

drainage system might be used for ecological bemefietlands. The aims were to:

» determine whether there have been changes in spsmmeposition that can be
linked to changes in the salinity and hydrologyimegs experienced in the
wetlands and to gain a better understanding optbeesses and mechanisms
that drive the change in species composition andecaalt to accumulate in
wetlands via the development of a conceptual model;

« produce curves predicting the probability of ocenge in relation to salinity
for species common in wetlands in the South EaSiboith Australia;

* investigate the effects of an increase in saliwityr decreasing water depth as
a result of evapoconcentration on the growth amdigai of three common
freshwater macrophytes, and to determine the coesegs of longterm

exposure to elevated salinity conditions;

» assess the impact of a pulsed discharge of salaieadje water of varying
concentrations and durations on key wetland spatias effort to determine
how to make best use of the scarce water resoimr¢ks region and; and

» assess the combined effects of salinity and hydyotm the seed banks of

wetlands that have experienced drought and elesatigdty conditions.

viii



The results of vegetation surveys conducted pré&20@ post-2000, indicate an
overall change in species composition; speciesiniaguiresh conditions are rarer or
not recorded and are replaced by species prefamorg saline conditions. This
change is accompanied by a shift from fresher lteesaonditions and from wetter to
drier conditions. Data from groundwater observatores coupled with flow
volumes in the local watercourses supports thege®of salt accumulation in

wetlands described in the conceptual model.

The curves predicting the probability of occurrenceelation to salinity display a
wide range in tolerances across the 15 speciastimh they were constructed, and
highlight the variance due to between wetland diffiees. These curves, used in
combination with knowledge gained from other stadigll enable salinity thresholds
to be set for many of the common species fountlerSouth East region. Employing
these thresholds to drain operation will allow wetls to be managed in a way that

will promote the occurrence of target species.

The study on evapoconcentration effects showedllegbercentage of biomass
allocated to below ground structures was > 95, >9Ib and > 80% for adult and
juvenileT. procerumand forB. arthrophyllaandB. medianusespectively, across all
salinity treatments suggesting that long term expo$o elevated salinity conditions
results in a large investment in below ground bissray all species. This study also
indicated that the initial lifestage at time of egpre to the salinity regimes had a
significant effect on the final dry weights of theprocerunplants. The differences
in the dry weights and leaf length and number weeatest between adults and
juveniles in the lower salinity treatments (150@ &250uS cm’), with the adults
having much larger weights and measures. At higakmities (12500 and

18750uS cm?), there were no differences. Salinities refet® $alinity of the surface

water, not soil salinity.

For the plants tested in the pulse salinity regaxggeriment, the immediate effect of
high salinity environments on non-halophytic plants not detectable after three to
six weeks of exposure, but the short term impathefpulse did affect the ability of

submerged plants to recover.

The seed bank trial showed that the previous drioauggh salinity conditions

experienced by a wetland did affect the seed bamlelier the water and salinity



regime imposed mitigated these impacts. The stuoliges evidence that extended
periods of drought conditions may lead to a seedk ahich has a reduced abundance
of seeds and repeated exposure to high salinityggsathe species composition of the
seed bank and reduces the overall diversity.

Our knowledge of wetland plants, habitats, indialdwetlands and their pattern in the
landscape enables interpretation of how wetlanatplaave changed and will
continue to change in the landscape. The challengeuse, and build on this
knowledge to predict what future wetland landscapight look like under different

management or development scenarios in the USHoashetide what is sustainable.
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FOREWARD

This thesis has been prepared as a series of chapteformat that will be suitable
for future publication in scientific journals. Toamtain the sense of individual

chapters, this has inevitably led to some repetitietween chapters.

Chapter 6: The response of freshwater plants tmgglpulsesandChapter 7: The
effect of inundation and salinity on the germinatad seed banks from wetlands in
South Australiahave been published in the international jouafi#quatic Botany.

In the interest of continuity of the thesis, thebapters have been included as part of
the word document. In the publications, salinitysweported in mg T but these have
been converted S cni' for inclusion in the main body of the thesis. Gaspof these

publications have been added as Appendices | amdpectively.
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1 Literature Review

Wetlands worldwide, have only recently been recegphias areas of ecological
complexity and conservation importance (Davis,|e2@06). In many countries, the
number of naturally occurring wetlands has decrdsastically and in Australia,
they have decreased by more than 50% since Eurge¢dement (Smith, et al.
2007). A wetlands is land that is permanently argerarily under water or
waterlogged, with temporary wetlands having surfaager or water logging of
sufficient frequency and/or duration to affect bheta (Paijmans, et al. 1985). A large
variety of wetlands exists in Australia and theyga from shallow depressions that
are only filled for short periods during wet yewwpermanent marshes and deep
billabongs (Hart, et al. 1990). All wetlands areucdtcterized by the dominant
influence of water on their vegetation, wildlifecasoils; however the boundaries of
many wetlands are not clearly defined because #iendevel changes annually. They
usually contain true aquatic plants and providedrtgmt habitats for invertebrates,

fish, water birds, reptiles, amphibians and mamr(tdist, et al. 1990).

1.1 Importance of hydrology on the structure of aqu atic macrophyte

communities

Water is one of the primary factors which strucsypant communities within
wetland ecosystems (Fennessy, et al. 1994). Ther nedime is characterised by the
changes in water depth, duration, frequency, teteng and predictability of
inundation and drying phases experienced by antiaggystem (Casanova and Brock
2000, Geoff, et al. 2007, Porter, et al. 2007, &shGanf 1994). Modification of the
landscape such as groundwater abstraction, cat¢roteaning, drainage and
discharge (Froend and McComb 1994), and regulatisivers, has altered natural
patterns in water level fluctuation (Leyer 2005aR@d Ganf 1994). These alterations
are a major cause of deteriorating conditions inyr@australian aquatic ecosystems
(Lloyd, et al. 2004, Sim, et al. 2006), as theyéhesulted in considerable reduction
of both the seasonal flow variability and peak ffow

Flow variables that are emerging as ecologicallgartant are the volume, variability,
rates of change, the magnitude and frequency oémet flows, and their seasonal
predictability (Deegan, et al. 2007, USEDS&FMP 1998ung, et al. 2000). As a
result of anthropogenic modification to water reggpmany ‘permanent’ wetlands



are now dry during extended periods of low rainfatid many ‘temporary’ wetlands
are permanently inundated (Nielsen, et al. 2003{tsamd Brock 2007) and water
levels are held static.

Aquatic macrophytes grow in soil saturated withevatr in the water itself (Leck and
Brock 2000). The hydrological parameters, includingrage groundwater level,
flooding duration and flooding depth, as well as thte of water level fluctuation and
disturbance frequency and intensity, all influetieeresponse patterns of aquatic
macrophytes (Bunn and Arthington 2002, CasanoveBaadk 2000, Leyer 2005,
Nielsen and Chick 1997). The water regimes of aqsgstems are increasingly seen
as the driver in maintaining wetland function amgedsity (Bunn and Arthington
2002, Casanova and Brock 2000, Rea and Ganf 1994h 8nd Brock 2007),
because hydrology influences germination and segdécruitment as well as growth
of aquatic macrophytes and plays an importantirogructuring the composition and
zonation of aquatic vegetation (Casanova and B2O€IO, Froend and McComb
1994, Nicol and Ganf 2000, Smith and Brock 200'8sjiite growing recognition of
the relationships between hydrology and aquatiergity, ecologists still struggle to
predict and quantify biotic responses to altered/fltegimes (Bunn and Arthington
2002).

1.2 Secondary Salinisation

Secondary salinisation results from changes in lesedand is a problem that is seen
globally. It is an increase in salinity at or cldsdhe soil surface resulting from
human disturbances of the natural hydrologicaleyBlell 1999, Cocks 2003, Cramer
and Hobbs 2002, Eamus, et al. 2006, Halse, e08B,Hart, et al. 1991, Hart, et al.
2003, James, et al. 2003, NLWR 2001). Major langradation problems across
Australia have been attributed to secondary salilois and these are predicted to
become considerably worse over the next 30-50 yetad, et al. 2003, NLWR

2001).

Dryland salinity and salinity due to irrigation ahee two ways in which secondary
salinisation is caused. Irrigation salinity occutsen water from irrigation moves
through the soil, raising the water table and msibd) salt (Eamus, et al. 2006, Halse,
et al. 2003). This problem is exacerbated whem#ligaline water is used for

irrigation. Dryland salinity is caused by the req@ment of deep-rooted native



vegetation with shallow rooted agricultural cropsl astures, resulting in a reduction
in evapotranspiration and an increase in rechd&gk 1999, Cramer and Hobbs
2002, Eamus, et al. 2006, Hart, et al. 1991, Harm). 2003, NLWR 2001Both

causes result in a rise in the level of regionaligdwater tables, bringing salt from low

in the soil profile toward the surface and withe troot zone of plants (Hart, et al. 1991).

A survey of world secondary salinity suggests #iaiut 76.6 Mha are affected
(Ghassemi, et al. 1995). The estimates for Austiatlicate that about 2.5 Mha are
currently affected by secondary salinity (Roberisk#96), but hydrological

modelling suggests that in the next 50 years, abdMha could be at risk (National
Land and Water Resources Audit, 2001). Until rdgeatmajor focus of the effect of
dryland salinity has been on its consequencesgiocwdture where it is predicted that
it will have dramatic impacts on productivity amtome (Cramer and Hobbs 2002).
In southern Australia, secondary salinity also pasge of the most significant threats
to ecosystems (Cramer and Hobbs 2005). For ageediystems, naturally saline
systems such as salt lakes and salt marshes haenenvedi described (Sim, et al. 2006,
Sim, et al. 2006, Strehlow, et al. 2005, Willian®9&), but salinisation as a
consequence of the clearing of native vegetatiahigigation is less well studied
(Brock, et al. 2005, Dawvis, et al. 2003, Nielsergle2003).

Dryland salinity is difficult to manage becausdlw# lasting nature of its effects on
soil and water resources (NLWR 2001). Due to tigdapatial and temporal scales
over which salinisation occurs, even if our curdees$t land-management practices
were fully implemented, salinisation would contirtogancrease in aguatic ecosystems
throughout Australia (Nielsen, et al. 2003). Thaates systems which comprise
rivers, floodplains, riparian zones and wetlands,the most severely affected by
salinisation as they occupy the lowest areas ilah@scape where salt accumulates
(Brock, et al. 2005, Hart, et al. 2003, James|.&2G3, NLWR 2001, Walker, et al.
2002). Despite this, few studies have focused an $exondary salinisation affects
the health and distribution of native plants, tbenposition of vegetation
assemblages, or interrelated ecosystem procesteslmvater systems (Cramer and
Hobbs 2002, Nielsen, et al. 2003, Rea and Ganf)12dhough the effects of
increasing salinisation on aquatic biota have lee¢ensively reviewed, the ecological
consequences of salinisation in Australian fresbvgadre not well understood (Hart,
et al. 1991, James, et al. 2003, Nielsen, et @3RMore knowledge about the



relationship between flow patterns, salt concertnatand environmental damage is
required so that predictions can be made as todhsequences of management

actions (Nielsen, et al. 2003).

Salinity is the total concentration of dissolvedrganic ions in water or soil. As
measuring the concentration of all ions is timestoning and expensive, salinity is
often inferred by measuring the electrical condugti EC) of a water or soil sample.
EC is standardised to 25°C and is usually expreissgs cni' or mS cnf, with
1000uS cm® = 1 mS crit (Kefford, et al. 2007). When salinity is measuasdhe
total soluble salts (mg1) the conversion often used is electrical condigtivS cm*

= total soluble salts divided by a factor of 0.6#f(t, et al. 1991). In this work,
salinity values refer to the salinity of surfaceteranot soil salinity except where
stated. Salt is a natural component of the Ausindikndscape that has been deposited
from a variety of sources over millions of yearsglsen, et al. 2003). Prior to the
removal of the terrestrial vegetation, salt wasiedrinto wetlands and often
concentrated by evaporation. The salt that accueulia the sediment of wetlands
was removed by flushing during the next high-flovet (Nielsen, et al. 2003).
Under natural conditions in many wetlands and gyperiods of low flow and high
evaporation, combined with the intrusion of grouathw, causes natural salinity
levels to be high for periods of time (Hart, etl91, James, et al. 2003, Nielsen, et
al. 2003). Most aquatic systems in Australia a@ratierised by high temporal
variability in dissolved salt concentrations evemene there is no salinity problem
(Hart, et al. 2003). There is a general patternigiier salinity at low flows and lower
salinity at high flows (Halse, et al. 2003, Hattake 2003, Nielsen, et al. 2003),
however, modification of flows through changeseamporal and spatial patterns has
altered the flow-salinity patterns (Nielsen, et24l03). It is also common for salinity
to be higher in flows generated from first rainsewtsalt at or close to the surface
dissolves into the surface runoff (Halse, et ab30Secondary salinisation has
increased the amount of salt entering aquatic sys{@lielsen, et al. 2003).

1.3 Importance of salinity on the structure of aqua  tic macrophyte
communities

Wetland plant communities comprise the basis olthgavetland ecosystems and the
consequences of plant loss are both many and dahirey. These include the direct



loss of floral diversity, reduced potential for plgoopulation recruitment, reduction in
primary production, the subsequent loss of faunadrdity through the loss of habitat
and food, decreased aeration of sediments, andased nutrient levels as a
consequence of the decrease in plant uptake (Radi$-roend 1999). Salinisation has
been identified as one of the greatest threatggfatlation to freshwater ecosystems
in Australia (James, et al. 2003, Nielsen, et @3) and the plant communities have
been recognized as possibly the most sensitive coemnt of the wetland ecosystem
to increases in salinity (Hart, et al. 1991). Pleortnmunities at wetland edges
typically exhibit strong zonation along water degthdients (Geoff, et al. 2007),
although and it is likely that zonation in respotssalinity regime also occurs
(Halse, et al. 2004).

There are a multitude of potential impacts of sglian aquatic systems, including
direct toxic effects, changed chemical processdda@ss of habitat in the water,
riparian zones and adjacent flood plains (James, 003). Ecological impacts of
salinity are influenced by a range of factors idahg the sensitivity of a species to
salinity (including sublethal and lethal effectgjtes of salinity increase, length of
exposure and the lifestage at which a speciesigsexd to salinity (Cocks 2003). In
terms of their response to salinity, plants cabioadly divided into two groups;
halophytes, which are species that are salt tdleaan non-halophytes, which are
species that achieve best growth in freshwatersgt (Eteal. 1991). Halophytes are the
native flora of saline soils, which survive compigttheir whole life cycle in such
environments. For non-halophytes, including fredlewaquatic macrophytes,
elevated salinity can result in reduced growtheatd (Greenway and Munns 1980,
Hart, et al. 1991, James, et al. 2003).

1.3.1 Physiological and Growth Response

Plants and animals have adapted to a wide rangguatic environments, and have
developed a range of physiological mechanisms dagtations to maintain the
necessary balance of water and dissolved iondlsmamd tissues (Hart, et al. 1991).
Salinity, as it relates to plants, is the occureeata high concentration of soluble
salts in the soil or solution in which plants grdtwe most important ions being
sodium, potassium and chloride (Flowers and Yed L98igh salinity can result in
reduced growth or death in plants due to toxicat$feaused by an excess of ions, or



‘water deficiency’ due to difficulties in extracgrwater from the surrounding medium
(Hart, et al. 1991, Munns and Tester 2008).

The physiological processes that confer salinitgramce in halophytes are well
understood and have been extensively reviewed @tvet al. 1977, Flowers and
Yeo 1986, Greenway and Munns 1980, Munns and Terh®&86). The ability of a
species to maintain (regulate) the optimal inteasahotic concentration against
external gradients determines the salinity tolegawiche species (Hart, et al. 1991).
There are two main types of mechanisms for sataoice: those minimising the entry
of salt into the plant, and those minimising thaantration of salt in the cytoplasm
(Munns 2002). To minimise the entry of salt to pthe@nt, some halophytes control the
concentration of sodium and chloride in the tissueugh selective processes such as
ion exclusion at the roots and by keeping salt afn@y meristems, particularly in the
shoot, and from leaves that are actively expandimyphotosynthesizing (Ashraf
2004, Hester, et al. 2001). Once salt is in thatgiasue, it can be tolerated by
anatomical adaptations and intracellular partitigniAnatomical adaptations resulting
in salt glands or bladders (modified epidermals)etbn enable the excretion of
sodium and chloride from the plant (Hester, e2@01, Munns and Tester 2008).
Intracellular partitioning enables the storageighhinternal ionic concentrations of
salt in the vacuole, leaving the cell cytoplasmhvatrelatively low ionic

concentration (Flowers, et al. 1977, Greenway andiig 1980, Munns and Tester
2008).

In glycophytes, photosynthesis may be reducedspaese to salinity due to a
decrease in transpiration as a result of stomédalice and leaf decline (Mensforth
1996). Osmotic balance is essential for plants grgwn saline media and when this
is not achieved by glycophytes, it results in lokturgidity, cell dehydration and
ultimately, the death of cells (Ashraf 2004). Togitects originate because the high
external salt concentration induces greater difiugif ions into root cells and results
in elevated ionic concentrations in the cytoplasm this can reduce plant
performance (Hart, et al. 1991, Lessani and Marschf@78). Although there has
been considerable work conducted on the sensitfiagricultural crops to salinity
increases, there is little data on the effect bhisation on native vegetation (Hart, et
al. 1991).



Excess salts in the environment results in a deergagrowth of many plants (Munns
and Termaat 1986). Morphological characteristicy b®associated with salinity
tolerance and since a primary effect of salt stesaswater deficit, morphometric
variables such as leaf size, shape, and numbeinthegnce transpirational water loss,
may be associated with salt tolerance within aisge@he earliest response of a non-
halophyte exposed to salinity is that its leaveswgmore slowly. Root growth is
almost always less affected than shoot growthhsadot:shoot ratio increases
(Munns and Termaat 1986). When plants are expassalihity in laboratory
experiments, there is a rapid and temporary drapomwth rate followed by a gradual

recovery to a new reduced rate of growth (Munns2200

1.3.2 Morphological and community salinity effects

Past reviews have provided a great deal of eviderdbe decline of aquatic
biodiversity in response to salinisation (Hartaketl991, James, et al. 2003, Nielsen,
et al. 2003, Williams 1999). Increased salinitpistress that has been shown to
reduce diversity in terrestrial systems (Briggs &ads 2003, Hobbs, et al. 2003) and
freshwater aquatic systems (Brock, et al. 2005e3aet al. 2003). Salinity effects
occur at various stages in the life history ofanpl(Hart, et al. 1991, James, et al.
2003, Nielsen, et al. 2003), however studies oreffexts of salinity have generally
focused on impacts on adult life stages, whichpatentially the most tolerant life
stages (Nielsen, et al. 2003). Many taxa are abdeitvive at elevated salt
concentrations, however reproduction, recruitmeunit growth of juveniles may be
substantially reduced and this has profound coresezgs on subsequent generations
(Hart, et al. 2003, Nielsen, et al. 2003).

Although freshwater aquatic plants are not tolecdrhcreasing salinity, there is a
general acceptance that freshwater ecosystemsgmiiile ecological stress when
subjected to salinities up to 1508 cmi* (Nielsen, et al. 2003). At salinities above
1500uS cmi’, reduced growth rates and reduced developmebts and leaves of
aquatic plants are observed (James, et al. 20@Bséew, et al. 2003). Species richness
and abundance has been observed to decline wittasiog salinity (Brock, et al.
2005, Hart, et al. 1991, Porter, et al. 2007).edfibased study by Brock (1981) found
that in wetlands in which salinity levels appro&@50pS cni*, normally widespread

freshwater aquatic macrophytes sucivigsiophyllum propinqua, Triglochin



procerum, Crassula helmsindisoete muellerivere no longer found. Several
subsequent studies using these and other speciesbafirmed this finding (James
and Hart 1993, Smith, et al. 2009, Warwick and &ail997, Warwick and Bailey
1998). In a recent field study, Smith, et al.(20f2@)nd that a considerable loss of
freshwater macrophyte species may occur with aivelgt small increase in salinity
and reported a predicted probability of occurrenickess than 0.1 for many species at

conductivities greater than 1008 cni'.

Sub-lethal effects such as reduced growth rateveyoair have been recorded at
salinities between 1500-62%% cm*. The common aquatic macrophytes
Myriophyllum crispatum, Eleocharis acuta, Stekeniearinatus andTriglochin
procerumall displayed sublethal effects including redutsdth and shoot length
when grown at salinities greater than 15®cm’ (James and Hart 1993). The shoot
and root biomass @ladium jamaicensandEleocharis cellulosand the height of
Typha domingensisere reduced by exposure to up to 6250cni' (Macek and
Rejméankova 2007). Salinities of up to 13Q@cni* have been shown to reduce
growth rates (by reducing leaf number, leaf ardencwmber and height) in
Bolboschoenus medianwdthough increased nutrient loads mitigated tbgponse
(Morris and Ganf 2001). Salinity not only reduckéd tecovery oVallisneria
australisafter its release from a period of drying that d=ged aboveground organs,
but prohibited recovery when the soil dried outlf&aet al. 2008). When exposed to
conditions of increasing salinity from 3008 cm® up to 850QuS cm?, significant
reductions in the density, species richness anersity were recorded (James, et al.
2009). The salt sensitivity database (Morris, eR@09) includes a comprehensive
review of the studies on the effects of salinityaguatic macrophytes.

1.3.3 Seed bank response

Wetland sediments contain a reservoir of dormagtisand vegetative propagules of
aquatic plants and eggs of aquatic invertebratisotioely termed the ‘seed bank’
(Nielsen, et al. 2003, Skinner, et al. 2001). Irs#alian wetlands that are subject to
wide environmental fluctuations, plant communitilepend on seed or vegetative
propagules for regeneration (Brock, et al. 19949.3&ed bank provides an important
mechanism for the persistence of species in eplametlands, providing a

mechanism for regeneration of plant communitiesrafatural or artificial



disturbances such as drought, prolonged inundatignazing (Brock, et al. 1994,
Nicol, et al. 2007). In wetlands, fluctuating walevels create opportunities for
recruitment of new individuals from seed banks, dradvdown periods often favour
the establishment of species adapted for life allgtv water (Cherry and Gough
2006). There has been much work done on the getiminaf wetland plants in
relation to water availability and hydrology (Casaa and Brock 2000, Leck and
Brock 2000, Nicol and Ganf 2000, Nicol, et al. 2p(ost salinity and water regime
research examining biodiversity impacts has replogtéects on the adult life stages,
which generally are more tolerant of disturbaneehsas drying and salinity than
juvenile or reproductive stages (Brock, et al. 2005ials investigating the effects of
salinity on the emergence of plants from wetlardireents have been undertaken
(Nielsen, et al. 2003, Nielsen, et al. 2007).

The emergence of aquatic plants from the seed isaniekluced when exposed to
constant levels of salinity above 1508 cm®, and when exposed to salinities of
7350uS cnit, very few aquatic plants are capable of emergihsairviving (Brock,
et al. 2005, Nielsen, et al. 2003, Nielsen, e2@07, Nielsen, et al. 2008). The
combined effect of salinity and water regime hadaaked influence on both the
species richness and abundance of aquatic plamtsrgging from sediments from a
range of wetlands. Salinity had a particularly sgy@ffect in reducing germination
from sediments in damp conditions when comparetddlooded conditions (Brock,
et al. 2005). Pulses of high salinity (7808 cnm®) for a short duration followed by a
return to freshwater conditions did not impact lo& €mergence of aquatic plants

from wetland sediment (Nielsen, et al. 2007).

Some species are able to geminate at higher sadigind a study has shown that
Phragmites australis, Juncus acutasdJuncus kraussivere able to germinate in
salinities up to or in excess of 29008 cm* (Greenwood and MacFarlane 2006). The
upper salinity limits for germination for the hatopge Ruppia polycarpas between
59000-7350QS cmi’® (Sim, et al. 2006). Regardless of the adult toleeathe

seedlings that emerge from the seed bank may be senisitive to increased salinity
than adult stages (Brock, et al. 2005) and a gr@atenile sensitivity obviously has
important management implications (Brock, et ab2MNielsen, et al. 2003).
Managing a system using adult thresholds will iadn inevitable decline in

populations over the long-term as recruitment daioed (James, et al. 2003, Nielsen,



et al. 2003). Linking salinity levels directly toamtality or recruitment potential of
aquatic biota is not sufficient to predict the aute of increasing salinity on
freshwater systems (Nielsen, et al. 2003). Inforomabn sub lethal effects of
increasing salinity on germination, growth or deygghent of aquatic plants is

required, however knowledge of this is limited (INex, et al. 2003).

The challenge for saline water management is terstand the morphological,
physiological and life-history characteristics tpabvide some capacity for tolerance,
acclimatisation or avoidance of elevated saliretyels and impart a level of resilience
to the biota of freshwater communities (Jamesl. &03). Clearly, in situations
where dryland wetlands (wetlands in drier regiohscty are characterised by extreme
hydrologic variability), are modified by human ingtg, the diversity and abundance
of propagules are likely to be affected, and thgieuld indicate the wetland’s
ecological health (Skinner, et al. 2001).
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2 Introduction

2.1 Study Area — Upper South East of South Australi  a

The Upper South East (USE) of South Australia coaerarea of 680 000 ha and is
bounded by the towns of Kingston SE, NaracoortéhkK&alt Creek and the Coast
(Coorong) (Figure 2-1). It has a Mediterranean atierof cool wet winters in which
frosts are commonly experienced, and hot dry surmnvbere daily maximum
temperatures can top 40°C. The average rainfajjiaafrom 340 mm at Keith in the
north to 420 mm in Naracoorte in the south andissered to have a low to
moderate variability in comparison to other paftSouth Australia. Over the last 10
years rainfall has been lower than the longer-t@verages, however there is no
suggestion that the current dry period is the tesfutlimate change in the region as it
is consistent with the longer-term rainfall distriilon pattern (DFW 2010). Drought
conditions were experienced over much of southeea®ustralia, including the SE
of South Australia from 2005 to the end of 201ahvid006 the worst year (ABS
2010). The average annual Potential EvapotrangpirET) is 1300 mm. The

region supports agricultural activities, vineyaaagl forestry plantations.

Over the last 400 000 years, multiple marine inoums have shaped the USE. Itis a
low relief landscape consisting of a series of een(gtranded dunes) that are 20-50 m
wide and run parallel to the coast, separateddiyg that are 2-10 km wide. There is a
lack of defined surface watercourses, but wherg éxést, such as Mosquito,
Naracoorte and Morambro Creeks, their catchmemnggate in western Victoria. The
overall gradient of the land towards the coast {hiesl:1600, and less than 1:5000 to
the north (Croft, et al. 1999). Historically, wateould flow westward over the flats
and towards the coast, until it reached a duneerarigch directed it northwards
through a wide corridor of natural wetlands vidithand spill’ process. The native
vegetation, the open, low-gradient inter-dunakfland the lack of a defined water
course all contributed to slowing the progressibthe water (Campbell 1993). There
is no natural outlet for surface water except iryweet years when water could flow
as far north-west to the coast at Salt Creek amdCthorong. In most years it would
terminate in swamps in the north. This flow pattersulted in extensive swamps,
marshes and wetlands that were prevalent at theedfrkuropean settlement. (Croft,
et al. 1999).

11



Intensive land clearance began in 1949 and waswelll by the construction of
privately owned surface water drains to drain tbeded and water logged flats and
make them suitable for agriculture. As a resulty di3% of the native vegetation in
the USE remains (Bulman, et al. 1993). This renmgmiative vegetation is not evenly
distributed, but is concentrated in areas lesgedud agriculture, either on deep sands
(at the top of the dunes), saline soils, sheetdiore (Croft, et al. 1999) or wetland

areas.

2.2 Salinity in the USE

Salt deposits which are a legacy of the region’smegpast, have resulted in saline
soils and groundwater. Groundwater is found in tmagor aquifer systems: a deeper
confined limestone aquifer that is thought to behezged in the lower south east and
western Victoria and is associated with freshwated an upper unconfined aquifer
that is recharged locally and is commonly saline ttuthe marine salts (Paydar, et al.
2009). The groundwater salinities in the unconfiagdifer vary from less than
2200puS cmi' in the southern part of the study area to in exo€4800QuS cmi* in

the north, with some areas having a salinity exicegtthat of seawater

(54000uS cm?) (USEDS&FMP 1993). Consequently, the region hasabong

history of salinisation. When the groundwater ighivi 2 m of the soil surface it can
be brought to the surface via capillary actionth® surface, the water is evaporated
and salt that was dissolved in it is left behinchefé this is a naturally occurring
process it is called primary salinisation, and ttd@a be seen at Bunbury Conservation
Park in the north-east corner of the of the USEweieer if the groundwater is
brought closer to the soil surface as a resuluofidn activities such land clearance, it
is termed secondary salinisation, and dryland sglisl an example of this. The
dryland salinity problems in the USE have been edury the intensive clearing of
native vegetation and its replacement with pasttratsare less efficient users of
water. Overall this has resulted in a reductioavapo-transpiration and an increase
in recharge. This has caused a gradual rise iretjfienal groundwater level in the
order of 0.5—-1 m every 10 years (Armstrong andt8talP92, USEDS&FMP 1993).
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Figure 2-1: Map of the South East region showing: the USEDS&FMP deep drains (burgundy), the West
Avenue complex (red); the Marcollat complex (light blue); the Bakers Range complex (green); and the

wetlands sampled in the November 2007, November 2009 and January 2010.
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2.3 Upper South East Dryland Salinity & Flood Manag ement Program
(USEDS&FMP)

The development of extensive new areas of drylatidiy was noted in the 1980’s
and in 1999 it was estimated that 40% of the USore(250 000 ha excluding
wetlands) was salinity affected, with a further DB ha at risk of degradation
(USEDS&FMP 1999). Many of the highly productivetidnad rapidly deteriorated.
Extended periods of inundation were destroyingyrastand increasing the rate of
land salinisation, and changes in water regimecpadity were causing significant
negative changes in the wetlands and remnant neagiyetation. In response to
community concerns over increasing areas of safiniand and flooding in the USE,
the Upper South East Dryland Salinity and Flood &gment Program
(USEDS&FMP) was developed. The Program outlinethtegrated approach to
combat rising water tables, while taking into aggoenvironmental, economic and
social concerns in the region (USEDS&FMP 1999).

The Program has sought to satisfy a number of obgs; including: protecting
agricultural and environmental lands from drylaatinsty; mitigating widespread and
prolonged flooding; providing environmental flovssprotect and enhance wetland
and watercourse ecological values; and protectiigeamhancing the ecological
values of remnant natural areas (terrestrial artthn&) through management
agreements with private landholders (DFW 2010). @fancomponent was a new
regional network of groundwater and surface wataind to control groundwater
level and associated soil salinisation. Modellindicated that a direct impact of
groundwater drains would be a lowering of the wedbte in areas adjacent to the
drains, thereby over- coming water logging problemd reducing the evaporative
concentration of salt in the soil profile and a tAnd surface (Armstrong and Stadter
1992).

2.4 Restoring Environmental Flows to the Upper Sout  h East
Wetlands (REFLOWS)

The Lower South East (LSE) region has had a losgpty of drainage; by 1966 large
scale drainage (of surface water) had been contpietihe LSE, funded by the State
Government. These drains successfully removedxbess surface water and directed
it away from its natural north-west path, sendinguit to sea at Robe and Kingston
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SE (Taffs 2001). As a consequence of the redinecfavater, wetlands and
watercourses in the USE suffered from reduced seirfiaater flooding and have
declined in health and extent (DFW 2010). As pathe wetland restoration
component of the USEDS&FMP, the feasibility of cestg surface water flows from
the LSE to the USE was investigated and resultedproject known as Restoring
Environmental Flows to the Upper South East WeaiREFLOWS). REFLOWS
seeks to partially restore historical surface wHtavs from key source water
catchments in the LSE (via two large constructeddiways) to deliver more reliable
and substantial environmental flow volumes to kejland systems in the USE
(Paydar, et al. 2009).

2.5 The Drainage System

Construction of the USEDS&FMP commenced in 1995waasl completed in 2011. It
consists of a 615 km network of interconnectedrdraind watercourses carrying:
fresh surface water runoff; saline water emanditioign the groundwater system; or a
mixture of both (Stace 2005). Drains primarily usedontrol groundwater levels and
generally referred to as ‘deep drains’, have beeawated to a depth of greater than
2 m where they intercept saline groundwater. Drased primarily to collect surface
water runoff, thus reducing surface inundationgeeerally referred to a ‘shallow
drains’ and have been excavated to less than Znd@not intercept groundwater
(Stace 2005). In most cases, the alignment of taeslis parallel to the wetland
complexes, on the western side of the flats (Fig@ui¢. There are over 100 weirs and
regulators within the drainage system to facilitiie appropriate transfer of water
through the network. There are numerous telemetitalcollection stations both
within the drainage network and at selected wetkites. They record a combination
of hydrological and water quality data includingteradepth, discharge, salinity, pH,
dissolved oxygen, rainfall, soil moisture and tdityi. The data from these sites
enable managers to consider water quality and duavtten deciding the best way to
operate the regulators and weirs so that the optimaduction in salinity, flood

mitigation and environmental outcomes can be aeliev

An adaptive management system for the whole reifianis designed to manage the
movement of water through the drains, watercousseands, swamps and

regulatory structures has been adopted and iswedi@nd updated regularly
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(SEWCDB 2011). Whilst these drains may have a pesdffect on the agricultural
land, the impacts they will have on the hundredeetfands in the region is as yet,
unknown. It is likely that the new hydrologic regmthe wetlands will be exposed to
will be highly modified and the quality of the wataat supplies them will be greatly
affected by high salinity levels.

2.6 Wetland Management

It is estimated that prior to European settlemés% of the landscape in the South
East of South Australia was subject to inundatitimee permanently or seasonally.
Currently less than 6% of wetlands in the South Esmain, albeit in an altered
hydrological state with less than 10% of the renmgnvetland areas considered to be
intact (Harding 2007). All remaining areas of udibed wetland and native
vegetation have high conservation value due t@xtensive clearance, drainage and
agricultural development of the region (USEDS&FMI®3). The wetlands of the
South East provide important breeding, feedingdnodght refuge habitats for fauna.
Their high conservation value stems from theirtrefato other wetland habitats in
south-eastern Australia, as the wetlands in thefS6ast are more reliable than many
of the wetlands further north in the Murray-DarliBgsin (Jensen 1993). Due to the
recent drought in southern Australia (with 200gethe driest year), many wetlands
in the region did not receive water for five yearsnore. As an example: the Ramsar
listed wetlands of Bool and Hacks Lagoons wereinanusly wet from 1985-1993;
they contained surface water each year from 199®:20ut since then they have only
received water three times up until 2010 when thiege filled by summer rains and
floods (DEH 2006). Part of the USEDS&FMP was a domated wetland
management program which aims to restore naturtdiflow regimes to many
wetlands. The program will assist to protect weatkaremaining in this area from the

damaging effects of rising saline groundwater (Evand Brindal).

Prior to European settlement, surface water ranweed, off the interdunal flats and
into swamps and wetland. However since the construof the drainage network,

the water running off the flats is collected by thiains. In some cases, ‘smart’ drains
have been constructed that allow the surface viiater the flats to pass over the
groundwater drain and into wetlands. Where thisdu# occur there are regulators in
the drains that enable water from the drains tditezted into the wetlands. The
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water in the drains often has a higher salinityittiee surface water, as it contains
saline groundwater. The regulators can be opesatdldat when the salinity of the
water in the drains is high, the regulator in thaimlis left open and the water
bypasses the wetland and continues northward idrdia. However, if the water is of
an appropriate quality for use in the wetland,réfgulator in the drain can be closed
and the water directed out of the drain and ineovtletland complexes as an

environmental flow.

The USEDS&FMP state that “the series of weirs protmique wetlands in the area
by preventing the flow of saline water into the lapts, but allowing good quality
water to enter and maintain the health of the estesy’. In order to achieve this, it is
recognised that threshold levels that reflect #ietslerance of the aquatic
macrophytes in the wetlands is required, howeude Is known about how to
manage the timing, concentration, frequency andtaur of releases of salt water to
minimise impact on the aquatic biota of wetlandee($¢n, et al. 2007). The body of

work presented here addresses some of these krgendgeghs.

2.7 Aims

Using a combination of pond and laboratory expeni®@nd field surveys in

wetlands in the South East of South Australia, Wosk attempts to: advance the
understanding of salt tolerance of common freshmadeatic macrophyte species and
assess the impact of the interaction of salinity @water regime in different
combinations on selected macrophyte species ageémnination from the seed bank

of representative wetlands.

2.7.1 Aim 1: Evidence of recent salinity change on tbeaflof South East wetlands

The changes to the hydrology and salinity reginfee@wetlands in the South East
and the potential threats these pose to the flava been discussed. There is little
evidence however to show that these changes hayat,dsad an impact on the
wetland ecosystems. The first aim of this studya(itér 3) was to determine whether
there have been changes in species compositionahdie linked to changes in the
salinity and hydrology regime experienced in thélavels. To gain a better
understanding of the processes and mechanismgrihatthe change in species
composition and cause salt to accumulate in weslamdonceptual model that

describes how changes in groundwater, surface \waterainfall influence wetland
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salinity and water availability was developed. Taesal factors described in the
conceptual model were tested by assessing thermader salt accumulation in
wetlands by comparing the salinity of water in \@atls to that of the surrounding
groundwater, taking into account the reduced flowthe years post-2000.

2.7.2 Aim 2: Predicting probability of occurrence of waaill plants

There is general acceptance that sublethal effectve detected in freshwater
aquatic macrophytes grown in salinities greaten tHBOOpS cm' and that at

salinities greater than 625 cm®, freshwater macrophytes are no longer found. The
operation of the USEDS&FMP requires managers toenticisions about when and
where drainage water can be diverted into wetldnaded on the salinity of the water.
Currently these decisions are being made usingdheity tolerances mentioned
above as a guideline. An important aim of wetlarahagement is to protect
adequately the most sensitive plant species witlgrwetland (James and Hart 1993),
however at present there is limited informatiortlos salinity tolerance of the
individual species found in wetlands. Smith, gt28l07) produced curves relating
species occupancy at a site to the salinity ofghatfor species found in the
Wimmera region of Western Victoria. The second @@hapter 4) employs a similar
approach and uses field data collected acrossatimaty range found in the South
East wetlands to produce curves predicting theglihby of occurrence in relation to

salinity for species common in wetlands in the 8dtast of South Australia.

2.7.3 Aim 3: Effects of evapoconcentration

The conceptual model that was developed as p&inofl explains the process
whereby as the wetland dries and water evaporsaisaccumulates in the wetland
through the process of evapo-concentration. Foligwin from this, the third aim
(Chapter 5) was; to explore the effects of an iaseein salinity with decreasing water
depth as a result of evapoconcentration on thetgrand survival of three common
freshwater macrophytesriglochin procerum, Baumea arthrophykend
Bolboschoenus medianws)d to determine the consequences of longterm expos
elevated salinity condition# has been stated that while the adults of maxyg sae
able to survive at elevated salt concentratioresgtiowth of juveniles may be
substantially reduced (Hart, et al. 2003, Nielstral. 2003). Therefore, as part of this

study the salt sensitivity of adult and juvenileprocerumwas also investigated.
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2.7.4 Aim 4: Effects of a pulsed salinity regime

As part of the USEDS&FMP, weirs and regulators wamestructed along deep
groundwater drains to enable water to be transfdroen the drainage system and
into wetland complexes. Depending on its salirth, drainage water has the
potential to be of ecological benefit to the wetlanDue to the way in which the
drains are operated, it is likely that the wetlamdlsreceive water diverted from the
drains in a pulse. However James, et al. (2003jarathat a pulsed release of saline
water into freshwater systems should be avoidatisisikely to cause higher
mortality and loss of biodiversity in a system tltares a slow build-up to the same
level. When the effect of a pulse application dirsty on the germination from a
seed bank was studied, it was found that pulségbfsalinity for a short duration
followed by a return to freshwater conditions dat )mpact on the emergence of
aquatic plants from wetland sediment (Nielsen]).2@07). Aim 4 (Chapter 6), was to
assess the impact of a pulsed discharge of salaieadje water of varying
concentrations and durations on key wetland spatias effort to determine how to
make best use of the scarce water resources nediun.

2.7.5 Aim 5: Effects of inundation and salinity on thergmation from the seed
bank

The results from Aim 1 clearly demonstrate a chandbe composition in the flora

of wetlands in the South East. These changes hese ditributed to the impacts of
altered salinity and hydrology regimes. The seetklpaiovides an important
mechanism for the persistence of species in eplanvetlands (Brock, et al. 1994,
Nicol, et al. 2007), and emergence from the see# dapends on environmental
conditions, past and present (Brock, et al. 20880 5 (Chapter 7) was to assess the
combined effects of salinity and hydrology on tkedbanks of wetlands that have

experienced drought and elevated salinity condstion
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3 Evidence of salt accumulation in wetlands and cha  nge

in species composition

3.1 Introduction

Macrophytes contribute greatly to the structurakdsity of wetland environments
providing important refuge area for insect larvad amall fish (Reid and Brooks
2000), and are an important food source for watet.flt is because of their high
ecological importance and their capacity to regikteg-term change in ecosystem
structure and function that macrophytes are useéadasators of wetland condition.
The South East of South Australia is prone to séapnsalinisation as the landscape
has not yet reached a hydrological balance andssalbved laterally around the
landscape and up and down the soil profile. Thiké&ly to have significant
ecological impacts. An extensive biological sureéyhe Western Australian
Wheatbelt showed that 15 assemblages of non-satidsaline wetlands were at risk
from secondary salinisation. In this region, habitaat once were occupied by
Baumea articulataB. arthrophyllg B. rubiginosa as well as species belonging to the
generadJtricularia andTriglochin have been replaced by more salt tolerant species
such ad_epilaena preissjiSarcocornia quinquifoliaandTriglochin mucronataa
species similar t@. striatum(Lyons, et al. 2004). There is a high possibiiitst
similar changes in the aquatic biota may occuheSouth East of South Australia if
the wetlands become drier and more saline. Thikldbveaten the long term survival
and distribution of the freshwater macrophytes Wwiagrrently comprise the wetland

flora.

Groundwater is the dominant source of water foicatjure and industry in the South
East region of South Australia (Paydar, et al. 200Bere are two major aquifer
systems in the region: the shallow unconfined &eddeeper confined aquifers,
however, a majority of the groundwater use is sedifcom the unconfined aquifer
(DFW 2010). The water balance constructed for titgeeSouth East shows that the
groundwater resource in this region is over-alleddiased on a mass balance, and
over the last 10 years (2000 to 2009), rainfall leesn lower than longer-term
averages, with a noticeable decline in groundwatdes compared to the previous
three decades (DFW 2010). Many wetlands in thetSBast of South Australia are
fed by both surface water and groundwater andlassified as groundwater
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dependent ecosystems (SKM 2010). Therefore, thegeament of the upper
unconfined aquifer is of particular importancejtasteracts with the groundwater
dependent ecosystems; recent work has concludedfttiee 6% of wetlands that
remain in the region, less than 10 % of these (6896 of the original wetland area)
remain in good ecological condition, and that 7 /temnant wetlands are highly
likely to be groundwater dependant (DFW 2010).

Winter precipitation is a critical factor in estaling the duration a wetland is
inundated, and summer evaporation is critical iindeg the capillary rise of
groundwater to the surface in dried wetlands aecctinsequent deposition of salt
(Mensforth 1996). The depth from ground surfactheounconfined aquifer water
level oscillates throughout the year dependinghenseason (DFW 2010) but is less
than 2 m over much of the region (Paydar, et @920Due to their groundwater
dependence, changes to the depth to the uncordongter are likely to affect the
water available to wetlands (SKM 2010). Dependinglimatic factors such as El
Niflo events resulting in below average rainfall &adNifia events resulting in above
average rainfall (BOM 2011), the volume of watentributed to the groundwater or
surface water will vary from year to year. Therelear evidence that groundwater
dependent ecosystems are at risk in the SoutheBastesult of falling groundwater
levels, particularly in areas dominated by blue qund pine plantations (DFW 2010).
Therefore it is likely that the wetlands will receiless water in the future.

Wetlands occupy the lowest areas in the landscag¢heerefore are: the site of water
runoff collection and retention; more likely to leaharge groundwater interactions;
and the area where salt accumulates (Brock, 808b, Hart, et al. 2003, James, et al.
2003, NLWR 2001, Walker, et al. 2002). Although #ftects of increasing
salinisation on aquatic systems are reviewed eixtelysthe ecological consequences
of salinisation in Australian freshwaters are netlwnderstood (Hart, et al. 1991,
James, et al. 2003, Nielsen, et al. 2003), nonteehanisms by which salt
accumulates in wetlands. The landscape scale gfééciryland salinity in the South
East region have been well documented (Cann, @982, NLWR 2001,
USEDS&FMP 1993, Walker and Mensforth 1996), buegithe changes that have
been documented in the Western Australian Wheatbelte is a need for early
identification of changes in the species compasitibthe wetland scale in the South
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East. It is also necessary to determine if thes@@bs are related to changes in the

salinity and hydrology regimes experienced by tiveséiands.

By analysing plant datasets collected in the mi@l0Os9 corresponding to average
rainfall, and plant datasets collected in the mithte 2000s capturing data from the
below average rainfall years, the first aim of #tisdy was to determine whether there
have been changes in species composition thatechnked to changes in the salinity
and hydrology regime experienced in the wetlantie. Jecond aim was to gain a
better understanding of the processes and mechsuthsrihdrive the change in species
composition and cause salt to accumulate in weslaAadconceptual model that
describes how changes in groundwater, surface \@aterainfall influence wetland
salinity and water availability was developed. Taesal factors described in the
conceptual model were tested by assessing thermader salt accumulation in
wetlands by comparing the salinity of water in \aats to that of the surrounding

groundwater, taking into account the reduced flpast-2000.
3.2 Materials and Methods

3.2.1 Species Composition

Wetlands from four complexes in the South Eastoregiere surveyed pre-2000 and
post-2000 (Table 3-1). Wetland complexes ratheam thdividual wetlands were
compared as this enabled greater confidence thspedies representative of the area
were recorded. Species lists from studies condumtédeen 1994 and 1999 were
used to determine the presence/absence of spedies four wetland complexes pre-
2000 (Table 3-1). Unfortunately no environmentaiatsles were documented during
these studies. To determine the presence/absespeaés post-2000, wetlands in
each of the wetland complexes were surveyed betNegamber and December
2009 (Figure 2-1). In each wetland, twenty metaasects with dimensions
20mx0.5m were used to survey the macrophyte contgdrtie transect locations in
each wetland were selected to ensure that allpbees present at each wetland were
recorded. In each transect, the presence of ingiichacrophyte species was
identified and recorded. The number of transecategdetween wetlands to allow
spatial variation in the macrophyte community tarmmrporated. Where available,
species lists from the South Australian Wetlancehtery Database (SAWID)
(DWLBC 2010) were also used. Using the PC-Ord bftware (McCune and
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Mefford 1999), an NMS ordination relating the p@d2 and post-2000 surveys of

each wetland complex to the species found was peztiu

Table 3-1: Summary of survey data for pre-2000 and post-2000 comparison.

Watercourse Time Period Report or Survey Used Survey Year
Bool and Hacks Lagoons Pre-2000 Brownlow (1997) 1996
Bool and Hacks Lagoons Post-2000 Survey work in Nov 2009 for 2009
this study
West Avenue Watercourse Pre-2000 Stewart, et al.(2002) 1999
West Avenue Watercourse Post-2000 DWLBC (2010) and survey 2004 - 2009
work in November 2009 for
this study
Bakers Range Watercourse Pre-2000 Stewart (1996) 1996
Bakers Range Watercourse Post-2000 DWLBC (2010) and survey 2006 - 2009
work in November 2009 for
this study
Marcollat Watercourse Pre-2000 Dowling (1997) 1994
Marcollat Watercourse Post-2000 Survey work in November 2009
2009 for this study

3.2.2 Development of Conceptual Model

To explain the factors driving the change in spec@mposition over the pre-2000
and post-2000 period, the processes and mechathsatnsccurred in the wetland
complexes need to be better understood. A condepiudel was developed to aid
with this. This was done by combining personal eigmee, knowledge and

observation with results and thoughts from the ishied literature.

3.2.3 Evidence to support the Conceptual Model - Dischatjgauging stations

To confirm that surface water availability was reéld in the years post-2000, the
discharge in ML/day from January 1990 to Decemi@&92wvas plotted for gauging
stations at Mosquito Creek upstream from Bool aadkd Lagoon, and at the
Callendale Regulator where water can be directechddakers Range watercourse
(Figure 2-1). Records for the Marcollat watercougaaging station only started in
Jan 1997 (DFW 2011). A gauging station with a lengugh record was not available

for the West Avenue watercourse.
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3.2.4 Evidence to support the Conceptual Model - Surbawkgroundwater

salinities

Salinity data was collected to enable the comparedsurface and groundwater
salinities. In November 2009, 18 wetlands represgrihe salinity gradient from
south to north in the South East region were sadnghel seven wetlands still holding
water were re-sampled in January 2010 (Figure 2tl¢ach wetland, where there
was sufficient water depth, conductivity readinggevtaken at approximately 10 cm
above the solil surface using a TPS WP-81 Condtygtiveter. Surface water
conductivities were recorded at each transectecoat a standard temperature of
25°C.

The online Obswell database provides informatiothennetwork of observation
bores for South Australia including water level @atinity data. Due to a lack of
information on groundwater-surface water interawiat was not possible to
demonstrate a connection between the unconfineifeasjin which the bores are
located and the wetlands which they neighbour. dfoee the bores closest to the
wetlands sampled were identified and the condugtreéadings recorded at these
bores in the period 1st August 2009 to 31st Oct@bé® were used (DWLBC 2009).
The differences between the conductivities recordede wetlands and those

recorded in the groundwater are considered indh¢ext of the conceptual model.
3.3 Results

3.3.1 Comparing Species Composition

The 2-D ordination (Figure 3-1) illustrates thepaad post- 2000 change in the
floristic composition of four wetland watercoursashplexes in the South East
(stress=6.4). The pre-2000 survey (open trianglesition Bool and Hacks lagoons,
West Avenue and Bakers Range watercourses in thenboight hand corner of the
ordination. However, the post-2000 surveys (clds@dgles) are shifted up and
slightly to the left. Similarly, the post-2000 sags for the Marcollat watercourse
were shifted to the left and higher in the ordioatiOverall, there was a general
movement of the surveys from the bottom of ther@ation toward the top, and from
the right of the ordination toward the left. Thedldots situated in the centre of the
triangles representing the wetland complexes aeiep which are faithful to only

that wetland complex (Figure 3-1zolla filiculoides, Carex apressa, Centaurium
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spicatum, Isolepis platycarpa, Lemna trisulca, llagma australis, Melaleuca
squarrosa, Myriophyllum propinqum, Schoenoplechl&lus, Spirodela sp,
Utricularia sp.andWolffia angustatavere found in the pre-2000 survey at no other
location but Bool and Hacks lagoons (shown in ddue). In the post-2000 surveys,
none of these species were recorded at Bool orgHagwons and instealdemna
minor, which was previously absent from any of the wettg was recorded. In the
West Avenue watercourse (shown in re&jrostis sp., Dianella brevicaulis, Juncus
caespiticiusandTrifolium campestravere recorded in the pre-2000 survey, but in the
post-2000 survey these species were no longerrgrasthese wetlands bRuppia
tuberosawas recorded. In the Bakers Range watercoursev(shrogreen),
Centaurium tenuiflorum, Cotula vulgaris, Hydrocetyp, Muehlenbeckia sand
Potamogeton australiensigere recorded in the pre-2000 surveys, but ipthet-

2000 surveys there were no records of these splegidsifolium repensvas present.
In the Marcollat watercourse, (shown in light blue}he pre-2000 surveyuncus
procerus, Suadea australis, Wilsonia humalislWahlenbergia luteolavere

recorded, but in the post-2000 surveys these spa@ee not recorded although

Cyperus gymnocaulosas.

The labelled blue dots symbolize species that argust representative of one
wetland complex but may be present at two or mettrene or both time periods. For
examplelepilaena cylindrocarpa, Lepilaena patentifohadLepilaena pressiare
three species that were not recorded in any wetlanthe pre-2000 surveys but were
recorded at Bool and Hacks lagoons, West Avenuéviardollat watercourses in the

post-2000 surveys.

No environmental variables were collected in the2000 surveys corresponding to
the presence/absence data. Therefore, to ascetiairthe axes of the ordination
represent, the ecology of the species was examiedspecies recorded in the
surveys, their life forms and the habitat theyassociated with are listed in Table
3-2. Many of the species on the right-hand sidénefordination, such aszolla
filiculoides, Myriophyllum propinqum, UtricularigpsandLemna trisulcaare species
requiring standing water to thrive (Cunninghamaleti981, Sainty and Jacobs 2003).
Species positioned on the left-hand side of thenatobn are those better suited to
waterlogged or drained conditions includi@gperus gymnocaulos, Suaeda australis

Wilsonia backhouseindWilsonia humiligCunningham, et al. 1981, National
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Herbarium of NSW 2011)rhis indicates a gradient on the horizontal afisg 1)

from wetter conditions on the right to drier comalits on the left. Glycophyte species,
such asAzolla filiculoides, Myriophyllum propinqum, Utritaria sp andWolffia
angustataare known to be highly salt sensitive (Brock 19849l were positioned low
in the ordination space, whereas halophytic spesiesh ad epilaena cylindrocarpa,
Lepilaena patentifolia, Lepilaena presamdRuppia tuberos@Brock 1981, National
Herbarium of NSW 2011) were positioned high in dheination space. This indicates
a salinity gradient on the vertical axis of theinadion (Axis 2) from fresher to saltier
conditions. The overall movement of the surveysiftbe pre-2000 to post-2000
floristic composition was from the bottom of thelmation space toward the top, and
from the right to the left- hand side. This corm@sgs to fresher wetter conditions in
the pre-2000 period and increased salinity and doaditions in the post-2000
period. Several species recorded in the pre-208@gs require both fresh and wet
conditions and it is these speciégolla filiculoides, Myriophyllum propinqum,
Utricularia sp, Lemna trisulcand Wolffia angustatahat were not recorded in the
2009 survey. The absence of adult plants raisestigne about the condition of the

seed bank and whether or not it is intact.
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Figure 3-1: NMS Ordination showing the positions of four wetland watercourses/complexes in the South East: Bakers Range watercourse; Bool and Hacks Iég_oons; Marcollat

watercourse; and West Avenue watercourse, in relation to their floristic compositions pre-2000 (open triangles) and post 2000 (closed triangles).
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Table 3-2: Species recorded in pre- and post-2000 surveys

Species Habitat Life Form Lifespan
Acacia longifolia var. sophorae Terrestrial Tree Perennial
Acacia melanoxylon Terrestrial | Tree Perennial
Acaena novae-zelandiae Floodplain | Groundcover Perennial
Agrostis avenacea Terrestrial Grass Perennial
Anagallis arvensis Floodplain | Herb Annual
Angianthus preissianus Floodplain | Groundcover Annual
Apium prostratum Floodplain Herb Perennial
Apodasmia brownii Floodplain | Sedge Perennial
Atriplex prostrata Floodplain | Herb Annual
Aster subulatus Floodplain | Herb Annual
Azolla filiculoides Aguatic Free floating Annual
Baumea arthrophylla Aguatic Emergent sedge | Perennial
Baumea articulata Aquatic Emergent sedge Perennial
Baumea juncea Aquatic Emergent sedge Perennial
Bolboshoenus caldwellii Aguatic Emergent sedge | Perennial
Bromus hordeaceus Terrestrial Grass Annual
Bulbine bulbosa Floodplain Herb Perennial
Carduus tenuiflorus Terrestrial Herb Annual
Carex apressa Aquatic Emergent sedge Perennial
Centaurium erythraea Floodplain | Herb Annual
Centaurium spicatum Floodplain | Herb Annual
Centaurium tenuiflorum Floodplain Herb Annual
Centrolepis polygyna Floodplain | Herb Annual
Chenopodium glaucum Floodplain | Groundcover Annual
Chorizandra enodis Aguatic Sedge Perennial
Cotula australis Floodplain | Herb Annual
Cotula coronopifolia Floodplain | Herb Annual
Crassula helmsii Aquatic Submerged Annual
Cuscuta planiflora Floodplain | Parasitic Annual
Cyperus gymnocaulos Aquatic Emergent sedge Perennial
Cyperus vaginatus Aquatic Emergent sedge Perennial
Dianella brevicaulis Terrestrial Herb Perennial
Dianella revolute Terrestrial Herb Perennial
Dichondra repens Floodplain | Groundcover Annual
Distichlis distichophylla Floodplain | Grass Perennial
Eleocharis acuta Aguatic Emergent sedge | Perennial
Epilobium billardierianum sp. billardierianum | Floodplain | Herb Perennial
Eucalyptus camaldulensis Terrestrial Tree Perennial
Eucalyptus fasciculosa Terrestrial Tree Perennial
Gahnia filum Aguatic Emergent sedge | Perennial
Gahnia trifida Aquatic Emergent sedge Perennial
Hydrocotyle laxiflora Floodplain | Herb Perennial
Hydrocotyle muscosa Floodplain | Herb Perennial
Isolepis cernua Aguatic Emergent sedge | Perennial
Isolepis fluitans Aguatic Emergent sedge | Perennial
Isolepis nodosa Aquatic Emergent sedge Perennial
Isolepis platycarpa Aguatic Emergent sedge | Perennial
Juncus bufonius Floodplain Rush Perennial
Juncus caespiticius Floodplain | Rush Perennial
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(Table 3-2 cont.)

Species Habitat Life Form Lifespan
Juncus krausii Floodplain | Emergent rush Perennial
Juncus procerus Floodplain | Rush Perennial
Junus pallidus Floodplain | Emergent rush Perennial
Lemna minor Aquatic Free floating Annual
Lemna trisulca Aguatic Free floating Annual
Lepidosperma laterale Floodplain | Emergent sedge | Perennial
Lepidosperma sp. Floodplain | Emergent sedge | Perennial
Lepilaena australis Aquatic Submerged Annual
Lepilaena cylindrocarpa Aguatic Submerged Annual
Lepilaena patentifolia Aguatic Submerged Annual
Lepilaena preissii Aguatic Submerged Annual
Leptospermum continentale Terrestrial | Tree Perennial
Leptospermum lanigerum Terrestrial | Tree Perennial
Leptospermum myrsinoides Terrestrial | Tree Perennial
Lilaeopsis polyantha Floodplain | Herb Annual
Lobelia alata Floodplain | Herb Annual
Lythrum hissopifolia Floodplain | Herb Annual
Melilotus indica Floodplain | Herb Annual
Melaleuca brevifolia Terrestrial | Tree Annual
Melaleuca halmatuorum Terrestrial | Tree Annual
Melaleuca squarrosa Terrestrial | Tree Annual
Mimulus repens Floodplain | Herb Annual
Montia sp. Floodplain | Herb Annual
Muehlenbeckia sp. Floodplain | Climbing Shrub Perennial
Myriophyllum muelleri Aguatic Submerged Annual
Myriophyllum propinqum Aguatic Submerged Annual
Myriophyllum salsugenium Aguatic Submerged Annual
Myriophyllum simulans Aguatic Submerged Annual
Myriophyllum verrucosum Aguatic Submerged Annual
Parapholis incurve Floodplain | Herb Annual
Phragmites australis Aguatic Emergent Perennial
Potamogeton pectinatus Aguatic Submerged Annual
Potamogeton tricarinatus Aquatic Submerged Annual
Potamogeton australiensis Aguatic Submerged Annual
Pratia platycalyx Floodplain | Herb Annual
Psuedo-gnaphalium luteo-album Floodplain | Herb Annual
Pteridium esculentum Floodplain | Fern Perennial
Ranunculus sp. Aquatic Emergent Annual
Rumex sp. Floodplain | Herb Annual
Ruppia megacarpa Aquatic Submerged Annual
Ruppia polycarpa. Aguatic Submerged Annual
Ruppia tuberose Aguatic Submerged Annual
Samolus repens Floodplain | Herb Annual
Sarcocornia quinqueflora Floodplain | Herb Annual
Schoenoplectus pungens Aguatic Emergent sedge | Perennial
Schoenoplectus vallidus Aquatic Emergent sedge Perennial
Schoenus nitens Floodplain | Sedge Perennial
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(Table 3-2 cont.)

Species Habitat Life Form Lifespan
Selliera radicans Floodplain | Herb Annual
Senecio glomeratus Floodplain | Herb Annual
Sonchus sp. Floodplain | Herb Annual
Spirodela sp. Aguatic Free floating Annual
Sporobolus virginicus Floodplain | Grass Annual
Stipa sp. Floodplain | Grass Annual
Trifolium campestre Floodplain | Herb Annual
Trifolium repens Floodplain | Herb Annual
Triglochin procerum Aguatic Emergent Perennial
Triglochin striatum Aguatic Emergent Perennial
Typha domingensis Aguatic Emergent Perennial
Urtica incise Floodplain | Herb Perennial
Utricularia sp. Aquatic Submerged Perennial
Villarsia renifomis Aquatic Emergent Perennial
Wahlenbergia luteola Terrestrial | Herb Perennial
Wilsonia backhousei Floodplain | Herb Perennial
Wilsonia humilis Floodplain | Herb Perennial
Wilsonia rotundifolia Floodplain | Herb Perennial
Wolffia angustata Aquatic Free floating Annual

3.3.2 The Conceptual Model

The quality, rate of flow and depth to the uncoefiraquifer is highly variable across
the South East region and this is a reflectiorheftopography, soil type and recharge
rates (MacKenzie and Stadter 1992). Depth to tbargiwater varies both seasonally
and geographically; the shallow groundwater leeelsur in the lower lying areas,
such as the interdunal flats, and seasonal (Madkemd Stadter 1992) fluctuations
can range from 0.05-1.5 m (Mensforth 1996). Theonfined aquifer is recharged
locally, mainly by diffuse rainfall on the flats @lunal ranges (when rainfall exceeds
potential evapotranspiration), however contribusitnom surface water discharge
into sinkholes and drainage wells, and wetlandssavaimps are also important
(Paydar, et al. 2009). The magnitude of the re@aagies according to the nature of
the soil, the depth of the water table and theneadfithe vegetation and variations in
land management practices (MacKenzie and Stadé#, 19SEDS&FMP 1993). Over
winter, as a result of the recharge the depth fiteersoil surface to the unconfined
aquifer decreases. As the groundwater rises,ataapts the base of groundwater
dependent wetlands. When the soil moisture reacdyeacity and with continued

rainfall, surface water is generated. These twaocgsuof water; unconfined aquifer
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water (W,aw) and surface water (Y) (SEWCDB 2004), both move into wetland

basins, causing the wetlands to fill (Figure 3-2a).

In the South East region, groundwater salinityasbetween less than 5a8 cn' in
the south and greater than 50Q@cmi* in the north of the region (DWLBC 2009,
MacKenzie and Stadter 1992, Mensforth 1996, Payda,. 2009). Hence, high
conductivity aquifer water that enters the wetlalgb brings salt. In contrast, the
surface water is fresh with lower conductivitieggfuently <100S cm*. When
filling, the resulting salt content of the wetlawdter (W) at any particular moment
in time will be a product of the mixing of thedlyand W,aw plus any as described

by Equation 1.

Equation 1

C(WUAW) |N/(VVUAW) + C(VVSW) |N/(VVSW)
V(WUAW) +V(WSW)

CW,) =

where: C is salt concentration; and
V is volume.

The main groundwater discharge process is evaperiaiss; where groundwater is
within 2 m of the soil surface, capillary rise casisvater (and solutes) to be carried up
to the soil surface where water evaporates andatés left behind (MacKenzie and
Stadter 1992, Mensforth 1996). This occurs overraamand causes the depth to the
unconfined aquifer to increase (DFW 2010, Figur&lR The combination of this,
and the effects of evapotranspirationgy\fesults in a decrease in the water level of
the wetland (Figure 3-2b). Evapotranspiration reesowater from the wetlands but
leaves salt behind, resulting in an increase irstiecontent of the remaining water.
This process is termed evapoconcentration. Theathadfect is an increase in the
conductivity of the wetland water and MacKenzie &tadter (1992) report that
monitoring indicates that salinity increases siigaifitly during the summer period
due to evapoconcentration. As the unconfined agefeedes, there is evidence that
some salt is lost from the water column, most likelthe sediments (James, et al.
2009).

When the wetland is dry and the depth to the unoedfaquifer has dropped below
the base of the wetland, salt which was in theamethvater will remain in the
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sediment of the wetland, at or near the surfaceoddh capillary action, moisture
from the soil and the unconfined aquifer is broughthe surface where the water
evaporates, leaving salt behind (Figure 3-2c).rAffelated or small rainfall events,
water will move laterally through the soil and irihee wetland (as depicted by the
dashed arrows in Figure 3-2c) and this water &yiko further contribute salt. As a

result, salt is accumulated in the wetland basin.

Water in wetlands will remain fresh as long asaheunt of salt exported through
seepages is the same as that imported througlaltaoninward seepage of saline
groundwater. If the groundwater flow through thelamd is relatively fast, the
salinity of the wetlands will reflect that of thersounding groundwater (Mensforth
1996). Based on this, due to the groundwater degrexydof wetlands in the South
East, and by applying Equation 1, it would be exgdthat the salinity of the
wetlands would be similar to the salinity of thersunding unconfined aquifer, or

fresher due to fresh surface water inputs.
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Figure 3-2: Conceptual diagrams illustrating the interaction between the water in the unconfined aquifer

and surface water when a wetland is: a) filling; b) drying; and c¢) completely dry.
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Prior to land use changes, in dry periods salt dibalve been carried into wetlands
and often concentrated by evaporation. Howeversd#ftehat accumulated in the
sediment of wetlands was removed by flushing duttregnext high-flow event
(Mensforth 1996, Nielsen, et al. 2003). In the Uppeuth East, where wetlands
occur along water courses or part of ‘fill and Bgihain of wetlands, this is also the
case. However, wetlands that are at the end ofinafreystem or occur as an isolated
basin, flushing flows will not occur. Surface watgrality changes with season and
flow conditions; low flow conditions will result ihigher levels of salinity in the
surface water as a result of seepage of shallowngheater and runoff from the upper
parts of the catchment (Mensforth 1996). Wetlangetation relies on the regular
flushing of salt from the root zone for continueshgval. A change in hydrology that
led to the constant presence of a shallow salinentable would reduce the leaching
of salt from the root zone and cause a declineegetation health (Cramer and Hobbs
2002). Many of the wetlands in the South East plteemeral and most have
experienced extended dry periods. During this tiins,likely that salt has
accumulated in the wetland sediments due to theegs®s described in Figure 3-2.
As a consequence of the drought conditions thag¢ wezsent from 2003 through to
the end of 2009, most wetlands have not receivedldolvs required to flush the salt

from their sediments.

3.3.3 Evidence to support the Conceptual Model - Compghiydrology pre- and
post-2000

The discharge records demonstrate a reductioreindlume of water flowing past all
of the gauging stations in the post-2000 periocbimparison to the pre-2000 period
(Figure 3-3). The records at the Callendale Regukatd at Mosquito Creek indicate
that there were wet years in the early 90s up a88i7; after this flows were much
reduced with smaller flows recorded in 2004 and52dMe record at Rowney Road
for the Marcollat watercourse indicates that theeee some small flows in 2000,
2001 and 2003 but thereafter it was dry. This satggghat there would not have been

sufficient water in wetlands to enable any sabedlushed from the wetlands.
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3.3.4 Evidence to support the Conceptual Model - Commpsurface water and

groundwater salinities

There is a strong salinity gradient in the surfaeger of the wetlands recorded in
November 2009 and the groundwater salinities resmblibtween August and October
2009 (Figure 3-4). The conductivities of the unaoed aquifer are less than

500uS cm-1 (dark blue) in the southern region of thetB&ast increasing to greater
than 1000QuS cm-1 (red) in the north. Table 3-3 documentsctheuctivities
recorded in wetlands in October and November 20@0January 2010. The increase
in salinities in all wetlands as the season pragess evident with salinities more
than doubling in Bloomfield Swamp, Wrongway WetlaBaniths Swamp and Double
Swamp. This is due to evapoconcentration. The atthdiies recorded between
August and October 2009 at Obswell bores locateskdo the wetlands are also
displayed in Table 3-3. Bool Lagoon is an extensiredland and therefore both the
minimum salinity reading, which was recorded in tiogth east section of the main
basin, and the maximum salinity which was recoraletthe outlet are included. For
some wetlands, where there was more than one Olswvelclose to the wetland,
salinity readings from both are provided. The tablews direct comparison between
wetland salinities and that of the nearest obsenvditore. A majority of wetlands
have conductivities greater than that of the assedibore except for Bloomfield

Swamp, Dine Swamp and some areas of Bool and Hagkens.
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Figure 3-3: Discharge recorded at gauging stations at; a) Rowney Rd on the Marcollat Water Course, b)

Mosquito Creek and c) Callendale Regulator, upstream from the Bakers Range water course

36



‘LT QBEEK
o

LUCINDALE
°

@)

Legend
Conductivity

* ® JMILLICENT

100 - 1000
1001 - 1500
1501 - 2000
2001 - 2500
2501 - 3000 ®
3001 - 5000 N °

5001 - 10000
10001 - 50000 0 10,000 20,000 40,000 Meters ®

@ O OO OO 0 o
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2009.
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Table 3-3: Conductivity readings of the surface water of wetlands and unconfined aquifer from neighbouring Obswell bores recorded in the 09/10 season.

SURFACE WATER SALINITIES GROUNDWATER SALINITIES

WETLAND Easting | Northing | November Salinity (uS cm-) | January Salinity (uS cm-) | Obswell Unit No | Easting | Northing | August-October Salinity (1S cm-)

Bia Telowie Swamp | 402207 | 5965161 | 580 7100

Bloomfield Swamp | 449680 | 5920019 | 590 1200 WLMO11 440346 | 5918000 | 1100

Hacks Laaoon 475840 | 5893502 | 1600 DRY JOAQ26 481846 | 5888674 | 1400

Bool Laaoon 471598 | 5893726 | 1500 DRY ROB004 466663 | 5892895 | 2900

Boal Lagoon 469201 | 5888364 | 14000 DRY ROB013 474267 | 5889402 | 2100

Bunburv CP 406729 | 6001204 | 121700 DRY MCN022 400250 | 5993277 | 1700

Canes Swamp 433729 | 5934043 | 7300 DRY LOCO013 461664 | 5928040 | 2700

Dine Swamp 408394 | 5879308 | 345 420 JES004 491878 | 5909420 | 1600
JES054 488622 | 5902345 | 1800

Wrongway Wetlands | 397390 | 5984599 | 15600 35400 MSNOQ1 388039 | 6002195 | 2600
NVL001 388910 | 5981038 | 4100

Mandina Lake 402182 | 5984966 | 12400 22400 WEL001 407770 | 5984992 | 3500

Mandina Marshes 404936 | 5980685 | 15900 51100

Lake Hawdon South | 408014 | 5879282 | 3700 DRY ROS005 409645 | 5888220 | 1800
WATO011 399720 | 5883431 | 1100
WAT027 401594 | 5883338 | 700

Morella Basin 380332 | 6001224 | 25900 19600 MSNOOQ1 388039 | 6002195 | 2600

North Swamp 437882 | 5953002 | 9000 DRY MARO027 442170 | 5957695 | 1400

Prettv Johnnvs 412622 | 5968185 | 7600 DRY

Rushy Swamp 409193 | 5903360 | 6100 DRY BOWO006 403224 | 5901031 | 550
MTB009 399100 | 5907679 | 570

Rockv Swamp 411048 | 5952156 | 5300 7400

Reedv Swamp 437973 | 5952504 | 16000 DRY MAR029 446715 | 5952790 | 1100

Schofield Swamp 433727 | 5934052 | 4200 DRY

Smiths Swamp 411882 | 5950481 | 5300 8700

Double Swamp 410765 | 5953228 | 5300 10700
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The difference between the salinity of the surfaeger in the wetlands and the
salinity of the groundwater was plotted againsti#itikude using the WGS84 global
reference frame (Figure 3-5). The correlation betwthe average annual rainfall and
the distance north was also plotted. At a nortlwh§894100, the annual rainfall is
640 mm and the conductivity difference is closedw. As the distance north

increases, average annual rainfall decreases ardiffarence in salinity increases.
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Figure 3-5: Correlation of difference in salinity between surface water in wetlands and the surrounding
groundwater and distance north (yellow circles) and average annual rainfall and distance north (blue
circles) with the dashed lines indicating the 95% confidence intervals.

3.4 Discussion

3.4.1 Change in species composition

Compared with the pre-2000 surveys, the post-200@:ys indicate an overall
change in species composition. This change is apganmd by a shift from fresher to
saltier conditions and from wetter to drier coramhs. Species requiring fresh
conditions are rarer or not recorded and are repldy species preferring more saline
conditions. These changes in species compositearalogous to those reported in
the Wheatbelt of Western Australia (Lyons, et 8048); Azolla filiculoides,
Myriophyllum propinqgum, Utricularia sp, Spirodelp andWolffia angustatavhich
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are considered to be salt sensitive (Morris, e2@0D9) and these species have been
lost from the wetlands in this study whilst presbuun-recorded species that are salt
tolerant Lepilaena cylindrocarpa, Lepilaena patentifolia,di@ena pressiand

Ruppia tuberosaave colonised the wetlands. The quality of watexétlands in
Lower South East region of South Australia sucRigak Swamp, Piccaninnie Ponds,
Ewans Ponds, The Marshes and Honans Scrub renaingesh (<100QuS cm-1)

and these wetlands are a stronghold for freshwmadéerophytes in the region
(Ecological.Associates 2010) and are therefore wapprtant and valuable sites. The
change in species composition in relation to ingireasalinity is consistent with the
other studies (Brock 1981, Smith, et al. 2009)wandk that has documented the
reduction in germination, plant growth, biomass aadvival at elevated salinities
(James and Hart 1993, Macek and Rejmankova 200itjdvemd Ganf 2001, Nielsen,
et al. 2003, Salter, et al. 2008, Warwick and Bail@97).

A survey of 96 species in the Wimmera district aét@ria found that 79% were
negatively associated with increasing salinity (®met al. 2009). Geographically the
Upper and Lower South East wetlands are relatigielge to the Wimmera district of
Victoria where Smith et al. (2009) investigated tekationship between the
probability of occurrence of 96 aquatic macrophgess a salinity gradient that
ranged from <1000 to > 1000Q cmi*. They concluded that two species
Lamprothamnium macropog@ndRuppia polycarpavere positively correlated and
75 were negatively correlated with salinity.

There is evidence that adult freshwater macroplhgdassurvive at elevated salinities
for short periods of time (Goodman, et al. 2010J garmination from seed banks that
have been exposed in elevated salinities for ghdses is unaffected (Nielsen, et al.
2007). The loss of plants from the wetland compderehe South East indicates that
salinity effects have not been a once off, shamteffect but rather a factor which

has been acting over a longer period of time.

3.4.2 Changes in hydrology and comparison of surface maate groundwater
salinities

The volume of water flowing through the water casré the South East and filling

wetlands was much less in the period 2000-2009 ithaas from 1990-1999. This

decrease, coupled with the elevated salinity camagons recorded in the wetlands in

comparison to the surrounding groundwater, supplbetprocesses described in the
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conceptual model. The reduced volume of water vedeby the wetlands from 2004
to the end of 2009 was insufficient to flush sedinfi the sediments. Therefore it is
probable that every time the wetland is inundaseatt,from the sediment comes out of
solution and more salt enters the wetland fromuti@onfined aquifer. This has
caused the concentration of salt in the wetlanddeease. The effects of these
changes can be seen in the changing floristic ceitipo of wetlands in the South
East region; salt sensitive species present pr@-at®being lost and salt tolerant
species are occurring. With the continual accunuratf salts in wetland sediments,

increases in salinity may become exponential thndirge (James, et al. 2009).

Groundwater that is low in salinity has a benefioigpact on wetland ecology which
can be diminished in dry periods when groundwageels, and hence, inflows to
wetlands are reduced or even cease. Conversehguhdwater is saline, and inflows
increase due to raised groundwater levels causéachys such as land use change
and river regulation, then this may have a detri@mempact on the ecology of a
wetland and its surrounding areas (Jolly, et @b&0Whilst a majority of the points
indicating the difference in salinity between tluieface water and the groundwater
fall within the 95% confidence intervals (FiguréBthere were some points that were
outside. Those that were above the upper 95% camdelinterval are wetlands where
the difference in the groundwater and surface wsdnity is greater than that which
would be predicted by the regression line andriay indicate that these wetlands
have an increased chance of suffering salinisaGomversely, wetlands the fall
below the lower 95% confidence interval are wettatidht are not at risk of
salinisation. A combined approach of soil salimtgnitoring (to determine if the salt
concentration in the soil is increasing throughpghaecesses described in the
conceptual model), groundwater salinity and depdmitoring (to determine if the
groundwater is close enough to the surface fortgdde drawn to soil surface through
capillary action), and monitoring of wetland watgrality may give early warning
signs of wetlands that are at risk of secondaiypisakffects. Currently there is no
index to quantify the relationship between theeadghce in groundwater salinity and
wetland salinity and the response of non-halophytesuild such an index more
data indicating the rate at which saline groundwedeses increased salinisation of
wetlands would be required. A greater knowledgthefsalt tolerance of non-
halophytic species would be necessary and subseciugpters of this thesis address
this.
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4 Predicting probability of occurrence of wetland p lants

under elevated salinity regimes

4.1 Introduction

World wide, fresh waters are experiencing declindsodiversity (Darwall and Vie
2005) far greater than those in the most affeaa@strial ecosystems and if trends in
human demands for water remain unaltered and splesses continue at current
rates, the opportunity to conserve much of the neimg biodiversity in fresh water
systems will vanish (Dudgeon, et al. 2006). Methasisd for identifying areas for
conservation include: prioritising areas where Heglels of human threats and
biodiversity coincide (Ricketts and Imhoff 2003jptecting areas because of their
unique, rare or endangered flora and fauna (Mdl#841); identifying "hotspots' such
as areas featuring exceptional concentrations @émic species and experiencing
exceptional loss of habitat based on species emstenaind degree of threat (Norman
Myers, et al. 2000). It is also important to conseaireas that although might be
degraded, support a large proportion of the biagdityeand contribute greatly to

available habitat.

In many parts of the world, fresh water is subjectevere competition among
multiple human stakeholders (Dudgeon, et al. 20@8he United States the greatest
wetland losses have occurred as a result of agrraliiconversion which has
accounted for 87% of wetland loss since colonmaks, and furthermore agricultural
conversion has been the force behind the reduofiaretland area in Europe over a
much larger timescale (Maltby 1991, Ricketts anddfh2003). In the South East
region of South Australia, land use changes indgidigriculture and the
accompanying drainage schemes and forestry arectmgan wetlands. It is a
landscape which is characterised by a strong remtith surface water and
groundwater salinity gradient. Based on floristenposition and structure, and water
and salinity requirements twenty different wetldappoes have been described for
wetlands in the region (EASSOC. 2009). These rédmge naturally occurring
hypersaline wetlands in the northern areas, withisas gradually declining with
distance south, through seasonal brackish aquadis to freshwater emergent
sedgelands and aquatic beds. In this region, ¥f ‘tiotspot’ areas or those under
direct threat are conserved, it is likely that mahyhe wetland types currently

identified will not be protected and may be losinfrthe landscape.
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Macrophytes contribute greatly to the structurakdsity of wetland environments
(Reid and Brooks 2000), however most freshwateatgplants are intolerant of
high salinity levels (Hart, et al. 1991, JamesleR003, Nielsen, et al. 2003).
Secondary salinisation is an important issue itspafrcentral and South America,
large tracts of northern and southern Africa, thddie East and central Asia, and
many parts of Australia (Williams 1999). In the 8okast region of South Australia,
changes in the salinity and water regime resuftiogn secondary salinisation, are
already affecting the floristic composition of thetland complexes (Chapter 1,
(Taylor 2006). Although the effects of increasimdjrisation on aquatic biota have
been extensively reviewed, the ecological consecpgeaf salinisation in Australian
freshwaters are not well understood (Hart, et29.11 Morris, et al. 2009, Nielsen, et
al. 2003) and our understanding of the effecteeobadary salinisation on the
biodiversity of non-riverine wetlands is limitedades, et al. 2003). The effects of
even small increases in the salinity of fresh weatamn be profound (Williams 1999)
and therefore secondary salinisation of freshwatgtands is likely to markedly and

negatively impact upon non-riverine wetland macgiplassemblages.

A continuation of forestry and associated infragtuee such as pulp mills, continued
drainage, agriculture including vineyards and fkeimate change effects (Kingsford
2011) will ensure that there are continued chairgésth salinity and water regimes
in the South East region. Comparisons between gua collected pre-2000 and
post-2000 show that salt sensitive glycophyte gselesave been lost from some areas
in the post-2000 surveys, and that salt toleralugtgyte species that were not present
in the pre-2000 are now recorded (Chapter 3). Thexgetools that can help predict
the ecological response to these changes are iampofthis study will examine the
probability of occurrence of species across a ggliange. Smith, et al.(2007)
produced curves relating species occupancy ate @csthe salinity of that site for
species found in the Wimmera region of Westerndfiat This study aims to employ
a similar approach so that curves predicting tlod@lbpility of occurrence in relation to
salinity can be produced for species common inamet$ in the South East of South

Australia.
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4.2 Materials and Methods

4.2.1 Wetland Surveys

In November and December 2009, 26 wetlands in thehSEast were sampled to
assess the occurrence of macrophytes in relatisalitty (Figure 2-1, Table 4-1). In
January 2010, nine of the wetlands (those stililimgj water) were re-surveyed.
Where a salinity gradient was present or there@xigsbvious spatial differences in
the macrophyte community within the wetland, mudipites were surveyed in the
wetland. The sample sites were selected to ensatall the species present at each
wetland were recorded. At each site, a twenty nletrg quadrat, consisting of
twenty 1 mx0.5 m cells was surveyed. In each ted presence of macrophyte
species was identified and recorded. For each epetie number of cells in each
transect containing that species was calculatedfi@xjuency of occurrence (e.g. 4 of
20). Conductivity readings were taken at eachatigpproximately 10 cm above the
soil surface using a TPS WP-81 conductivity meterexrt at standard temperature of
25°C. Within each time period, species data froohegetland were pooled and
conductivity readings averaged. Using the packag@ré version 5 (McCune and
Mefford 2006) relationships between the plant comityuand conductivity between
November/December 2009 and January 2010 were a&adbysNMS ordination.

4.2.2 Probability of Occurrence Curves

A Generalised Linear Model (GLM) is an extensiodinéar regression but unlike
regression models, GLMs can be used when the wari@mot constant and the errors
are not normally distributed (Crawley 2007). Thare three important properties of a
GLM: the error structure, which is defined by alpability distribution; the linear
predictor, which is the linear sum of the effedtsh@ explanatory variables; and the
link function, which relates the mean value of tbgponse variable to its linear
predictor (Crawley 2007, Zuur, et al. 2009). Fos thata set, the response variable
(i), was the proportion out of 20 that a speciespvasent in each quadrat.
Proportion datasets are strictly bounded as ibigpnssible to have a proportion
greater than one or less than zero and therefamerbal distributions are used to

describe the errors.
Taking this into account, the general form for aNGlor proportional data is:

Y ~ B(n, 7n7), (describing the binomial error distribution)
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E(Y)) = 77 % n;, (the linear predictor)
logit (1) = a; + B x X (the link function)

where:n; is the number of quadrats sampled;
/ris the probability of success;
E(Y)is the expected value ¥f
a is the intercept parameter (the mean probabilityaziurrence) anfl is the
slope parameter (slope of the change in occurrestbel unit change in (log)
salinity) which are estimated by the model and;

X is the independent variable, in this case dalifduur, et al. 2009).

In this dataset, the independent variable (X),es@nted salinity and was a fixed
effect. The random effect of the wetlands also rddd be accounted for and
therefore, a type of GLM called a Generalized Lindaed effect Model (GLMM)
was used (Crawley 2007, Zuur, et al. 2009).

Probability curves were generated for the 44 sigdtiat were recorded, however due
to a lack of positive recordings, only 15 of thevas were informative. The curves
for the remaining 29 species were uninformativeyshg no or little change from a
probability of zero with increasing salinity. Togaluce curves foaMyriophyllum
meulleri, Stuckenia pectinatus, Ruppia megacarpgpit polycarpa, Ruppia
tuberosa, Sarcocornia quinqueflora, Triglochin peoemandTriglochin striatum

data points that were responsible for causing fadswergence for the curves were
removed. In most cases, these data points wei@udla wetland in which the species
was not found at all, and when this was the case data point from that wetland was
left in the data set and the others removed.

4.3 Results

The conductivity of the wetlands sampled variedrfr®50—12170QS cmi' and 44
macrophyte species were recorded (Table 4-1).driNttvember/December 2010
surveys a maximum diversity of 32 species was fatrilool and Hacks Lagoon with
conductivities ranging from 1440-14008 cm®. The highest diversity in a single
guadrat occurred in Rushy Swamp, where a totabafpkecies were recorded at a
conductivity of 644QuS cm® (Figure 4-1a). Nine wetlands in the Marcollat wate
course ranging in conductivity from 910-45@8 cmi' contained no aquatic

macrophytes andemna minomwas the only species found at Dine Swamp with a
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salinity 350uS cni'. The highest conductivity reading occurred in adrat in

Bunbury Conservation Park, where three speciesemeeordedtepilaena

cylindrcarpa, Ruppia tuberosandSarcocornia quinquefloréExcept for Morella

basin, in all wetlands sampled in both Novemberdddwer 2009 and January 2010,

there was an increase in conductivity from Noveribecember to January. There

was a release of water from Morella Basin at tineetof the January sample and it is

likely that this release was flushing salt from Besin, resulting in a decrease in

conductivity.

Table 4-1: Summary of wetland salinity and diversity where “Total No. Species” is the total number of

species recorded across all quadrats in each wetland over both survey periods.

Wetland Total No. Nov/Dec Conductivity Jan Conductivity
Species Range (uS cm-) Range (uS cm-)

Schofield Swamp 0 4190
Bullocky Swamp 0 3890
Little Reedy Swamp 0 3560
South Reedy Swamp 0 3220
The Muddies 0 1280
The Sisters 0 910
Park Hill 0 4000
Lever Swamp 0 960
Jaffray Swamp 0 1480
Dine Swamp 1 350 420
Bunbury CP 3 113000 - 121700
Bloomfield Swamp 4 530610 1250
Pretty Johnnys 5 7560
Morella Basin 6 25040 - 27100 19600
Canes Swamp 9 7210 - 7380
North Swamp 9 9050 - 10000
Reedy Swamp 11 15880 - 16910
Lake Hawdon 12 3380 - 4550
Snugagery Swamp 14 4760 — 5250 10670-10930
Rocky Swamp 15 4740 - 5280 7370-7410
Big Telowie Swamp 16 5310 — 5840 6880-7090
Wrongway Wetland 16 14940-15960 13470-35400
Rushy Swamp 16 6120 - 6440
Smiths Swamp 17 4650 - 5500 8720-8750
Mandina Marshes 20 11740 - 15880 22400-51100
Bool and Hacks Lagoon 32 1440 - 14050
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The position of the wetlands in the 2-D NMS ordioat(stress=16.5) from both time
periods is scattered (Figure 4-2). There is ncepain the movement of wetlands
from the November/December 2009 survey to the Jsr@10 survey. The
positioning of the species does not show any caticel with the conductivity vector.
Even for wetlands such as Snuggery Swamp, SmitlasrywRocky Swamp and
Mandina Marshes, which had the greatest percemiagease in conductivity, there

was not a strong correlation with the vector.
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Figure 4-1: Number of species recorded in a single quadrat for wetlands of different conductivities in (a)
November and December 2010; and (b) January 2011.

Informative probability curves were produced fordLi of the 44 species detected in
the study (Figure 4-3). The probability curves e population level predicted mean
relationship between salinity and occurrence, thayg represent the mean
relationship averaged over all wetlands. The aoldliti random effect variance, which
Is due to between wetland differences, accountmian differences in the
occurrence-salinity relationship in the model amd tneans that the fitted curve
would shift up or down (on the logit scale) accagiio each specific wetland. If a
curve were plotted for each wetland (though thisasestimated directly) they should
fit the observed data more closely. Similarly, tbafidence intervals do not include
the between-wetland variance; they are confidemtsavials for the population level

effect only of salinity.
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Figure 4-2: 2-D NMS ordination (stress equals 16.5) comparing the plant community of nine wetlands
surveyed in November/December 2010 (black triangles) and January 2011 (grey triangles) with the
conductivity vector displayed in red.

Lemna minor, Lileaopsis polyantha, Myriophyllummaeosum, Stuckenia pectinatus,
Ruppia polycarpa, Schoenoplectus pungamsTriglochin procerumwere all
negatively associated with increasing salinity, leehepilaena cylindrocarpa,
Lepilaena preissii, Myriophyllum meulleri, Ruppi@gacarpa, Ruppia tuberosa,
Sarcocornia quinqueflora, Selliera radicaasdTriglochin striatumwere all
positively associated with increasing salinBguckenia pectinatusndRuppia
polycarpawere predicted to occur at salinities between 30®@ni* and
20000pS cm’® andRuppia tuberosandTriglochin striatumup to 5400QS cni™.

These species have the broadest range of salahance.
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Figure 4-3: Curves predicting the probability of occurrence vs log conductivity for macrophyte species
where dashed lines are the 95% confidence intervals and the different colour dots represent different

wetlands and the modelled occurrence of the species at those wetlands.
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4.4 Discussion

The curves display a wide range in tolerances adtas 15 species and highlight the
variance due to between wetland differences. Tineesypredicting the mean
relationship between salinity and occurrence (ayetaver all wetlands) indicates
thatL. minorandL. polyanthaare the most salt sensitive species and that they &
probability of occurrence of less than 10% at stdis greater than 600 and

1000pS cm’ respectively. The response of these species actie of the individual
wetland, however, indicates that they may be abtelerate higher salinities (Figure
4-3). ForL. polyanthathe modelled points (light green dots) indicdiat &t
Wrongway Wetland this species could be found anisials close to 1600QS cmi*

with a probability of 50%. Similarly, the modellpdints predict thalt. minorcan
persist at salinities of up to 450@& cm’ at Bool Lagoon (orange dots) and Lake
Hawdon South (light blue dots) and the Australialt sensitivity database (Morris, et
al. 2009) lists 1000QS cmi* as the upper salinity tolerance. The salt serisitiv
database also lists 10008 cni'as the upper salinity tolerance fbrprocerum
(Morris, et al. 2009), and James and Hart (19980pmed sublethal effects but no
deaths at a salinity of 70QG cmi’. In this study the curve indicates tHatprocerum
has less than a 10% chance of occurrence at &igiteater than 2706 cm®, but
the modelled points from Bool Lagoon (orange datg) Rocky Swamp (light pink
dots) show that in these wetlands there is a 60&acaahof findingl. procerumat a
salinity of 6250uS cni®. The curve foS. pungenidicates a less than 10%
probability of occurrence at salinities above 16@0cni', yet this species is reported
to have a wide salinity tolerance (King, et al. 98mith, et al. 2009). The modelled
points for the individual wetlands of Canes Swagmeé¢n dots), Lake Hawdon South
(light blue dots on the right) and Wrongway Wetlghght blue dots on the left)
support a wide tolerance for this species; at WinangWetland there is a greater than

50% probability of occurrence at a salinity of 18Q® cm’.

For all species, the data clearly show a differdyeteveen the curves predicting the
mean relationship between salinity and occurrewb&h is averaged over all
wetlands, and the modelled points for the individuetlands. These differences are
particularly large for the salt sensitive specied there could be several reasons for
this. This study uses a dataset from 26 wetlandsadmist these wetlands encompass

a broad salinity range, they do not allow for reglion of salinity conditions at
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different wetlands. Therefore, if a species ispresent at a wetland, in this study it is
considered to be as a consequence of the salinity surface water in the wetland.
As the probability curves are calculated usingatherage from all the wetlands, in a
small dataset the absence of a species at eadmnadths a large effect on the
calculation of the curves. If a greater number eflands with overlapping salinity
conditions had been surveyed, the absence of &espsca wetland within a particular
salinity range would not have such a large impacs.also important to consider that
the salinity of the surface water in a wetlandas the only factor that determines the
distribution of a species. Factors such as samisgl water regime (Blanch, et al.
1999, Brownlow 1997, Casanova and Brock 2000, L2965, Nicol and Ganf 2000),
and grazing effects (Blanch and Brock 1994, Niebkl. 2007) also have a role.

The halophytic specids cylindrocarpa, L. preissii, R. megacarpa, R.ywalrpaand

R. tuberosaas well asT. striatum have all been reported to have a positive
association with increasing salinity (Brock 1981o&k 1981, Sim, et al. 2006, Smith,
et al. 2009). Reported salinity tolerances areoup8000uS cm’ for L. cylidrocarpa
11000-25000QS cm’ for L. preissii,20000-35000QS cni' for R. tuberosand
7000-7200QuS cmi' for R. megacarp#Brock 1981), and the curves in this study
support these salinity tolerances, indicating thatprobability of occurrence of these
species is high at salinities above 60p®cm’. Ruppia spandLepilaena sphave
lifecycle patterns and morphology enabling theraurvive in ephemeral saline
environments; during the aquatic phase they prothrge numbers of viable seeds
that can survive desiccation and extreme salidtp¢k and Lane 1983). Brock
(1981) measured an increase in the proline coret@mtrin the tissue dR. tuberosa,
R. megacarpandR. polycarpaand found that it occurred with an increase initaab
salinity for all three species. This suggests finaline could make a significant
contribution to the cytoplasmic osmotic potentiadlde a mechanism of salt
tolerance within the genus. In contrast to othedists, bottR. polycarpaand

S. pectinatuslisplayed negative associations. Findings by Siral.€2006) showed
that the survival oR. polycarpawvas negatively affected by increased salinity tuad
60000-7000QuS cmi* was the critical threshold for adult survival hawethe curves
in this study indicate that the probability of oo@nce ofR. polycarpas much lower

with an upper tolerance of 80@& cm’.
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Despite the discrepancies between the averaged and/the modelled points for the
individual wetland, for most species the salinapges found in this study fall within
those reported in other studies. The differencesrarst likely a reflection of the field
conditions present at time of sampling. Saliniteas demonstrate considerable
temporal and spatial variability and thereforeridygorted salinities that organisms
have been found at in the field on single occasinag not always accurately
describe the salinities they are exposed to owelaiger term (Morris, et al. 2009).
Observations made at a time when salinities areddlaan usual will result in an
artificially lower tolerance limit for the existingpecies (Morris, et al. 2009).
Conversely, the maximum field salinity at whichpesies has been found is reflective
of its salinity threshold, but may not be the abtmaximum salinity that the species
can tolerate. This may be due to a limited sunf&yrteor lack of suitable habitat at
higher salinity sites (Kefford, et al. 2004).

The curves produced in this study support work shiggests that increasing salinity
beyond 150@S cm’ will adversely affect many freshwater plants amat t

6250uS cmi' is the upper tolerance level for most freshwapecies (Nielsen, et al.
2003, Smith, et al. 2009). Unlike the predictiorsd® by Smith, et al. (2009) that the
number of macrophyte species would decrease watle@sing salinity, in this study,
the number of species increased with increasirigisalip to 6440uS cni’, after

which they declined. Smith, et al. (2009) suggesitatithe number of species
observed in low salinity wetlands was less thampiieelicted due to species being
present but not detected. However, in the low gglimetlands sampled in this study,
such as those in the Marcollat water course, obsiens of: methane in the sediment;
water colour indicative of high dissolved organgelion; low numbers of
phytoplankton; and high numbers of zooplankton weaele. These observations
indicate that the levels of dissolved oxygen inwaer may have been very low. Low
dissolved oxygen inhibits germination and this rhaywhy species numbers were low
in these wetlands (Leck 1996).

Of the 44 species recorded, curves for 29 of themewninformative, showing no or
little change from zero in probability of occurrenwith increasing salinity. This was
because these species were only recorded a few timtlee surveys, providing
insufficient data points to fit a model to. In ady by Brock and Lane (1983), all
macrophytes recorded from fresh water were frormpeent habitats, not from
ephemeral habitats and this may indicate thatréshivater species of submerged
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macrophytes are in general not adapted to suritietuations of salinity and
permanence. However, the wetlands surveyed irstbiy were recovering from a
period of extended drought and for many of thera winter of 2009 was the first
they had held surface water in up to eight yedaggré 3-1 indicates that over a 15
year period, conditions have got drier and sattrering a shift in species composition
from species preferring wetter and fresher cond#tito those favouring drier and
more saline conditions. There was not a consigtattérn in the position of
November/December 2009 survey points and the qoyreing January 2010 points
in the ordination (Figure 4-2). Despite an increiasgalinity at all sites except
Morella Basin, the points showed no correlatiorhviiicreasing salinity. As the
season progressed and the wetlands dried andigalimcreased, the species
composition in the wetlands underwent little chaniges adds further evidence that
the loss of plants from the wetland complexes énSbuth East is not the result of a
‘one off’ or short term salinity effect but a factwhich has been acting over a longer
period of time. It also suggests that the wetlandhe South East are ‘slow response’
wetlands for which seasonal variability has a wiegact on the ecosystem
properties of stability, resilience and speciebmg&ss—mean salinity relationship (Jin
2008).

These curves, used in combination with knowledgeeaghfrom other studies (eg
(Morris, et al. 2009, Smith, et al. 2009) enablengs thresholds to be set for many of
the common species found in the South East reiomloying these thresholds to
drain operation will allow wetlands to be managed way that will promote the
occurrence of target species. In this way, it maypteferable for some of the northern
wetlands to have salinities of greater than 20@8@ni* so that salt tolerant species
such adl. striatum, R. megacarpa, R. tuberosa, L. cyliedrpaandL. preissiican

be maintained in the landscape. A target of s&@miess than 30005 cni* may be

set for wetlands further south so that appropatalitions are maintained for species
such asvl. verrucosum, L. polyantha, L. minandS. pungensThis study has only
considered the factor of salinity in predicting ttezurrence of aquatic macrophytes,
however other variables such as dissolved oxygesplyed organic carbon and pH
will also affect their distribution. The interactilbetween hydrology and salinity

regimes is also likely to have a large affect.

While preservation of intact freshwater bodies tvadr biodiversity remains a

priority, it is important to recognize the potehtiaat partly degraded habitats may
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have to support significant portions of their anigi biodiversity (Dudgeon, et al.
2006). While saline systems may not be as speibsas their ‘fresh’ counterparts,
they do possess a distinctive flora and fauna aweé hetained their ecological
function despite their reduced diversity (Strehletval. 2005). The future
management and prioritisation of wetland ecosystesesls to strike a balance
between conserving the most pristine and non-ingglehvironments and protecting
habitats which maybe degraded but contribute gréattegional biodiversity; with
the goal of sustaining all habitat types in thelkrape.
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5 Investigating the effects of seasonal evapo-

concentration on three aquatic macrophytes

51 Introduction

Many Australian aquatic systems are characteriggddh temporal variability in
dissolved salt concentrations (Hart, et al. 2088)yever wide and irregular
fluctuations of environmental parameters has maatemand salinity regime
generalizations difficult (Brock and Lane 1983)nion-modified systems, periods of
high flow often coincide with low salinity and loflow with high salinity (Hart, et al.
2003, Nielsen, et al. 2003) resulting in the ocence of both high-flow flushing
events, and occasions of low-flow events in whigh soncentrations may exceed
thresholds critical for biota (Nielsen, et al. 2D0Bhe alteration of flow through
modification of temporal and spatial patterns cedphith secondary salinisation, has
diminished this relationship such that, with thatooual input of salt but no flushing

flows, the concentration of salt in the sedimentseases (Nielsen, et al. 2003).

Intermittent and temporary wetlands are particyladinerable to salt impacts
because of the concentrating of salt in the waikmen during drawdown and the
subsequent build up of salt in the sediment pr@Hart, et al. 1990). Soil salinities
can be considerably higher than water column seseven in waterlogged soil due
to transpiration (Salter, et al. 2007). Althoughargk of temporary wetlands are
generally considered to be well adapted to dynawaier regimes, human-induced
changes such as secondary salinisation may impoese get of limits on the ability
of a given species to tolerate fluctuating wateele or markedly different wetting
and drying cycles (Salter, et al. 2008). Deterngrimpacts of secondary salinisation
on aguatic ecosystems has become an increasingbyrtiamt issue because of the
widespread occurrence of secondary salinisatidgfrica, the Middle East and
central Asia, and many parts of Australia (Williat®99), particularly in southern
Australia (Strehlow, et al. 2005).

Salt stress in plants affects all the major proggssich as growth, photosynthesis,
protein synthesis and energy and lipid metaboliBne detrimental effects are
observed at the whole plant level as death or eedse in productivity (Parida and
Das 2005). It is thought that juveniles are far eniotolerant than adults to elevated

salinity conditions (James, et al. 2003). Howevereothey are established, plants
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become increasingly tolerant to salinity duringetadgtages of growth (Maas 1993) and

this has important management implications.

To better manage and rehabilitate degraded wetlénelsnteractive effects of wetting
and drying need to be examined in combination walithnges that take place
simultaneously in other key environmental variapieAustralia the most important
of these is likely to be salinity (Salter, et 2008). The aims of this study were; to
assess salinity evapoconcentration effects on gpeeies of freshwater aquatic
plants; to determine the consequences of longtgpuoseire to elevated salinity
conditions; and to investigate the difference betwadult and juvenile salt
sensitivity. In order to assist with this goBhumea arthrophylla, Bolboschoenus
medianusand adult and juvenil€riglochin procerumyere grown in soil from two
wetlands with differing previous salinity histond exposed to four different starting

salinities.
5.2 Materials and Methods

5.2.1 Species and soil description and collection

Three species were investigated: the strap leafeshpialTriglochin procerumboth
adult and juvenile plantsjhe slow growing sedg@aumea arthrophyllaand the fast
growing sedg@®olboschoenus medianusl] three species prefer stationary or slow
moving water and have an emergent growth form;ewbielow the surface of the
water with leaves or stems that grow up throughathter column to either float or be
held above the water’s surface (Sainty and Jac003)2Soil was collected from Big
Telowie and Snuggery wetlands on th& add 11" of November 2008 (Figure 2-1).
In October 2008 the salinity of the Big Telowie g&aluggery wetlands were 4000
and 1300QuS cni' respectively and 5000 and 20008 cmi* just before they were
completely dry. To minimise disturbance to the,gbilvas cut out of the ground in
blocks which could be easily slipped into pottiragb.B. arthrophyllaandB.
medianusvere sourced from stands growing in ponds at Tiigeysity of Adelaide
on the §' and 28 of December 2008 respectivelly. procerunplants and seed were
collected from the Laratinga wetlands in Mount BarkSouth Australia on thé®f
December 2008.
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5.2.2 Experimental design

Plant performance was assessed under four stadlimgties; 1500, 6250, 12500 and
18750uS cm?, and from soils sourced from two different wetlanBig Telowie and
Snuggery. These salinities were selected becaG8@pB cmi*is considered
freshwater, 625QS cni' is recognised as a threshold salinity above whimtmally
widespread freshwater aquatic macrophytes disappearwetlands (Brock 1981);
12500uS cm’was the starting salinity in Snuggery wetland i62@nd therefore
representative of salinities experienced in thetlS&ast region; and 18756 cni*
(one third seawater) which is not uncommon in bisdekvater wetlands (Salter, et al.
2008). Soil analyses were conducted by CSBP SdiPdant Analysis Laboratory and
are shown in Table 5-1. There was a significarfetéhce in the soil conductivity
(ECy.sdry soil:water extract) between the two wetlands36-03, p=0.0039. There
were also significant differences in the nitrogeingsphorus, potassium and sulphur
content of the soils, however in order to mitigdese differences, complete nutrient
slow release fertilizers Osmocote® and Osmocote®@luere added to both soils in
the proportion of 7:3 to achieve a nutrient loadéogivalent to 100 g N ¥ For all
species, on the day of collection, fresh weights$ leaf (or stem) lengths and numbers
were recorded. Individuals were planted directlyp ithe wetland soilT. procerum
seed was germinated on damp sand and on thefZBecember 2008 (when the
seedlings were approximately 2 weeks old) they wargsplanted into the wetland

soil.

Table 5-1: Analysis of soil from Big Telowie and Snuggery wetlands

Wetland Texture | Nitrogen | Phosphorus | Potassium | Sulphur Org. Carbon | Conductivity | pH
mg/kg mg/kg mg/kg ma/kg % uS cm-t

Big Telowie | 3.5 3.3106 | 6.7£2.1 412.0+23.3 | 48.0+19.4 | 1.910.4 800+200 8.20.1

Snuggery | 2.5 20.745.7 | 16.7+1.2 331.3+31.1 | 170.3£35.0 | 1.6+0.4 290004600 | 8.0+0.0

To provide replicate salinity treatments, cleardigVC chambers,

60 cmx 60cm x 57cm high were used. Four replicasenbers were used for each

salinity and wetland soil combination. To allow forssible plant deaths, three

individual plants of each species were placed ah&hamber; a total of 12 plants per

chamber (three adult. procerumthree juvenilel. procerumthreeB. medianusand

threeB. arthrophyllg. The 12 pots were a tight fit and as a resuétreélwere minimal
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gaps between the pots and the bottom of the chawdmeeffectively filled with soil.
The chambers were randomly divided between thrégoou ponds (4.5 m x 3.5 m x
1.2 m deep) in which they were semi-immersed tamige temperature fluctuations.
Seawater was diluted to the required salinity wétiiculated water. On the 99
December 2008, water of the appropriate salinitg added to each of the chambers.
The chambers were filled to a depth of 18 cm sottiesoil was covered with 1-2 cm
of water. The water depth was maintained by reptpaiater lost from the chamber
via evaporation with reticulated water. Initiallyet salinity increased as salt came out
of the soil and into solution. Once it had stabtlisthe salinity was held constant.
Where necessary, salt was added to some chambamsuce that replicate treatments
remained similar to each other. After tHe@& March 2009, water levels were no
longer maintained and due to evapoconcentratioaraag under ambient conditions,
water levels in the chambers began to decreassadimity increased. By the end of

the experimental period, the water level had drdgpel5-17cm below the soil level.

A data logger recording salinity (temperature aidjidsand depth was deployed in
Snuggery wetland from the 1®f September 2008 until the wetland dried on & 2
October 2008. At the start of this period, the esed was 50 cm deep and had a
salinity of 13200uS cni'. Over the course of 30 days, the wetland completeéd

and the final salinity was 197Q(5 cm’, an increase of more than 30%. The salinity
profile recorded in Snuggery was replicated in @xiperiment. In order to reproduce
the 30% increase in salinity over the 30 day tireeqal, salt was added to the
chambers as necessary. On th8 @March, the water level dropped to the surfaice o
the soil and no more salt was added. After thigtiwater level and salinity fluctuated

as a result of the ambient conditions.

Throughout the experimental period, leaf numberlandth were recorded
approximately every three weeks for adult and jueeh procerumand stem number
and length were recorded Br arthrophyllaandB. medianusCommencing on the
12" of March 2010 all plants were harvested and thal fiiry weight biomass was
measured. Where more than one plant of each spgagepresent, the final dry
weight was averaged. Two soil samples from eachvpot collected; a sample from
the top 0-5 cm and a sample from 5-10 cm. Sampégs wven dried at 65°C to
constant weight and the replicates were then grewtida mortar and pestle to <2mm
and analysed for electrical conductivity. The efeat conductivity was determined

following methods of Slavich and Petterson (1998)ereby soil was overlain with
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deionised water to 1:5 soil:water. After 24 hrsamnorbital shaker the electrical
conductivity was measured (E€}. Soil was only sampled from pots which had a live

plant present at the end of the experiment.

5.2.3 Statistical analysis

The statistical software package JMF I(\ersion 4) was used to carry out the
statistical analyses. Two-way ANOVA with the fact@f salinity regime and soil
type and an interaction term (salinity regime A sgie) were used to determine if
there were differences in the final dry mas8oéarthrophyllaandB. medianus
between treatments. To test the difference betwssh. procerunreatments, three
factors were considered: salinity regime, soil tgpd lifestage (adult or juvenile),
and a three-way ANOVA was used. Two-way ANOVAs witle factors salinity
regime and soil type and an interaction term (gglnegime x soil type) were used to
determine if there were differences between treatsia the conductivity (E(s) of
the soil at the end of the experimental periodc@mpare the conductivity (BG) of
the 0-5 cm soil sample and the 5-10 cm sample wighch treatment, a one-way
ANOVA was used. For all data, normality was tesisthg a Shapiro-Wilk test,
homogeneity of variance with the O'Brien test amel Tukey HSD test was used to

compare means.

5.3 Results

In the first week of the experiment, salinity lev@icreased as salt came out of the
soil and into solution (Figure 5-1). As summer pesged and the water level
dropped, the salinity continued to increase. Okentinter period, the water level
increased and salinity levels decreased for akinents. By July 2009, for
corresponding salinity treatments, the salinityaaariration in soils from Big Telowie
and Snuggery were very similar. In the summer @Q2P010, as evapotranspiration
occurred and water levels dropped, salinity agatneased. As the water levels
continued to drop, the salinity concentration pekkeit not as high as the previous

summer, and then reduced rapidly as the water dymioached 0 cm.

5.3.1 Survival

For all species, there was generally higher moytalithe 1875QS cni’ salinity
treatment than in the other salinity treatmentsulAd. procerunplants had a higher

survival rate in soil from Big Telowie than from &jgery, and across both wetland
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soils; the adult plants had higher survival rabestthe juvenild. procerunplants
(Figure 5-3).
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Figure 5-1: Salinity and water depth profile over the course of the experiment where black, dark grey, light
grey and white represent 1500, 6250, 12500 and 18750 uS cm-! respectively and the squares and
continuous line represent Big Telowie treatments (BT) and the triangles and broken line represent

Snuggery treatments (S).
Triglochin procerum

There was a three-way interaction between lifestagietype and salinity regime for
the number of leaves per plant (Figure 5-2 andd &k). The soil had a significant
effect; there were more leaves on plants grownignT&lowie soil than for those
grown in Snuggery soil. Adults and juveniles perfed similarly under the salinity
regimes of 1500 and 6255 cmi*but adults had higher leaf numbers at

12500uS cm’ and both lifestages had reduced leaf numbers7&ags cm’. Under
1500, 12500 and 18758 cm’, all plants had less leaves when grown in soihfro
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Snuggery compared to Big Telowie, except for tHogke 625QuS cmi' salinity
treatment where the leaf number stayed constamrallywhile adults performed
better than the juveniles at higher salinitiesirthbility to do so was moderated by

the wetland soil in which they were grown.
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Dry Weight (g ) Dry Weight (g)
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Total Leaf Length (cm)
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Figure 5-2: Final (a) dry weights of
morphological features, (b) number
of leaves and (c) total length of
leaves for adult and juvenile
Triglochin procerum exposed to
starting salinities of 1500 uS cm-!
(black); 6250 S cm-! (dark grey);
12500 S cm (light grey); and
18750 pS cm! (white) in soil from two
wetlands; Big Telowie (BT) and
Snuggery (S), represented by
squares and triangles respectively
(Table 5-2). 62



Table 5-2: F and p values for the three-way ANOVA (salinity regimexsoil typexlifestage) for Triglochin procerum and the two-way ANOVA (salinity regimexsoil type) for the dry weights
and measures Baumea arthrophylla and Bolboshoenus medianus.

Total Leaves Below Ground Tuber Roots Leaf No. Leaf Length
F | p F p F | p F p F p F | p F | p
Triglochin procerum
Salinity 37.23 | <0.0001 | 12.22 | <0.0001 | 37.60 | <0.0001 | 17.59 | <0.0001 | 39.36 | <0.0001 | 10.09 | <0.0001 | 13.59 | <0.0001
Soil 30.27 | <0.0001 | 6.76 0.012 | 30.94 | <0.0001 | 7.13 0.01 | 36.18 | <0.0001 | 9.22 | 0.0039 5.97 0.018
Lifestage 17.87 | 0.0001 | 2.79 010 | 20.26 | <0.0001 | 9.12 0.004 | 17.34 | 0.0001 | 1.34 0.25 2.69 0.11
SalinityxSoil 741 | 0.0005 | 1.37 0.26 7.36 | 0.0004 | 1.27 0.29 | 10.04 | <0.001 04 0.75 0.52 0.67
SalinityxLifestage 3.85 0.015 | 041 0.75 431 | 0.0091 | 239 0.08 | 3.71 0.018 | 0.54 0.66 04 0.75
SoilxLifestage 0.87 0.35 | 0.061 0.81 0.98 0.33 | 0.018 0.89 | 1.03 0314 | 1.1 0.3 | 0.0066 0.94
SalinityxSoilxLifestage | 1.19 032 | 179 0.16 1.1 035 | 043 073 | 1.31 028 | 373 0.017 2.73 0.054
Baumea arthrophylla
Total Stem Below Ground Rhizome Roots No. Stems Stem Length
F p F p F p F p F p F p F p
Salinity 9.89 | <0.001 | 12.75 | <0.001 9.95 | <0.001 | 11.90 | <0.001 | 845 | <0.001 | 26.16 | <0.001 | 21.02 | <0.001
Soil 6.76 0.016 | 6.61 0.017 717 0.013 | 8.62 0.007 | 6.02 0.022 | 7.85 0.01 7.99 0.009
Interaction 0.58 0.64 | 046 0.71 0.49 070 | 037 0.78 | 0.67 058 | 1.60 0.21 0.51 0.68
Bolboschoenus medianus
Total Shoot Below Ground Corm Roots No. Shoots Shoot Length
F p F p F p F p F p F p F p
Salinity 12.94 | <0.001 | 10.94 | <0.001 | 11.86 | <0.001 | 14.19 | <0.001 | 5.31 0.006 | 5.73 0.004 9.99 | <0.001
Soil 0.22 0.65 | 099 0.33 0.10 076 | 0.15 0.70 | 0.10 0.76 | 0.03 0.87 2.22 0.15
Interaction 1.48 025 | 063 0.60 1.57 022 | 141 026 | 1.04 039 | 1.02 0.40 0.57 0.64
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The interactive effect of salinity regimexlifestaged salinity regimexsoil type was
significant for the total, below ground and rootg @eights. In all cases the salinity
regimexlifestage interaction resulted in similay dreights for both adults and
juveniles at 12500 and 1875& cm® but much higher dry weights for the adult
plants than for the juveniles at 1500 and 6@50cni*. Overall, the salinity
regimexsoil type interaction resulted in higher dmgights for plants grown in Big
Telowie soll, than for those grown in Snuggery .sdibwever, in Big Telowie saill,
plants grown at 1500S cmi' had the largest dry weight but in the Snuggerly soi
plants at 625QS cni' had the largest dry weight.

5.3.2 Baumea arthrophylla

For this species there was no interaction betweemptimary factors. Wetland soil
and salinity had significant effects for all measu(Figure 5-3, Table 5-2). The total,
stem and roots dry weights from the 13 cni' treatment were significantly higher
than those from the 12500 and 187&cni' treatments, and the 187(8 cmi'
treatment which was the lowest, was only similathe 1250QuS cm’ treatment. The
6250uS cm* salinity treatment is transitional; the dry weigfiom this treatment are
not significantly different from those in the 1580d 1250QuS cmi* treatments. The
dry weights of the rhizomes and the combined bejoywund structures responded
differently to the effect of salinity regime. Theydveights from the 1500 and
6250uS cni' treatments were significantly heavier than thosthé 12500 and
18750uS cm’ salinity treatments. The response of stem numbetength is similar;
plants grown in the 1500 and 628 cm’ treatments had a greater number of stems

with a longer total length, than those grown in liigher salinity regimes.

5.3.3 Bolboschoenus medianus

The wetland soil the plants were grown in did retdna significant effect on any of
the dry weight measures or the shoot length andoeusind there were no
interactions. Salinity regime had a significaneeffon all dry weight measures and
the shoot length and number (Figure 5-4, Table. 3-@) the total, shoot and below
ground dry weights, plants grown at 1508 cm* had the highest dry weights and
were only similar to those at 625& cm’. Those grown at 125065 cni' were

similar to plants from both the 625 cni® and the 1875QS cni® treatment. This
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response was mirrored in the final total shoot flerwghere there was a distinct
difference with the longest total shoot length releal for plants in the lowest salinity
treatment and plants in the highest salinity trestimecording the shortest total shoot
length. For the corm dry weight, the salinity effezsulted in those grown at

6250uS cni* being similar to both the 1500 and 1253 cni' treatments but those
grown at 1875QS cm® were significantly different to all the others.rfbe roots and
the shoot number, the significant salinity effexticated that the 62506 cmi’

salinity treatment was similar to both the 1500 a8800uS cm’ treatments while

the 1875QuS cm’* treatment was significantly different to all bbet1250QuS cm*

treatment.

5.3.4 Soil Salinity

A 2-Way ANOVA was used to determine if the salinégime or the wetland soil
influenced the amount of salt deposited in the a®ithe water level dropped Table
5-3). For all of the species the salinity regimd hasignificant impact on the
concentration of salt left in the top 5 cm of soithe pots (F=10.73%<0.001 for adult
T. procerum F=5.14p=0.017 for juvenileT. procerum F=9.29 p<0.001 forB.
artrhophyllaand F=15.20p=<0.001 forB. medianus For adultT. procerumandB.
arthrophyllaandB. medianussoil from the 1500 and 62505 cni® salinity
treatments had the lowest conductivity. Soil sgliof the 12500 and 187506 cm’
treatments were significantly higher. For juvenilgorocerumthe salinity effect
resulted in the 62500S cni' treatment being similar to both the 1500 (whicH tee
lowest soil conductivity) and 125Q05 cni' treatments but the conductivity of soil
from the 1875QS cni' treatment was significantly higher than all thieess.B.
medianusvas the only species for which wetland soil didéhasignificant effect
(F=9.55,p=0.005); for each salinity treatment, the soil aactevity from pots
containing Big Telowie soil was higher than thosataining Snuggery soil. There

were no interactions.

For all species in all salinity treatments, theas\a significant difference between the
soil salinity in the 0-5 cm layer of soil and the.6 cm layer of soil (Table 5-3). The

soil in the 0-5 cm layer was significantly higherdases.
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Figure 5-3: Final (a) dry weights of morphological features, (b) number of leaves and (c) total length of
leaves for Baumea arthrophylla exposed to starting salinities of 1500 puS cm (black); 6250 puS cm- (dark
grey); 12500 pS cm-! (light grey); and 18750 uS cm-! (white) in soil from two wetlands; Big Telowie (BT)
and Snuggery (S) (Table 5-2).
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Figure 5-4: Final (a) dry weights of morphological features, (b) number of leaves and (c) total length of
leaves for Bolboschoenus medianus exposed to starting salinities of 1500 uS cm-! (black); 6250 uS cm-!
(dark grey); 12500 S cm-! (light grey); and 18750 uS cm- (white) in soil from two wetlands; Big Telowie
(BT) and Snuggery (S) (Table 5-2).
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Table 5-3: Results of one-way ANOVA comparing 0-5cm sample to the 5-10cm sample for each salinity

treatment
Species Salinitv (uS cm™) | F P
1500 15.02 | 0.0017
Triglochin procerum - Adult 6250 13.38 | 0.0026
12005 7.66 | 0.015
18750 31.80 [ 0.0013
1500 8.70 1 0.012
Triglochin procerum - Juvenile | 6250 7.76 | 0.015
12005 3.89 | 0.069
18750 10.55 | 0.018
1500 15.35 | 0.0015
Baumea arthrophylla 6250 5.98 | 0.028
12005 10.22 | 0.0065
18750 9.83 | 0.0073
1500 7.38 |0.017
Bolboschoenus medianus 6250 5.98 | 0.028
12005 15.23 | 0.0016
18750 6.07 | 0.027
5.4 Discussion

5.4.1 Depth-Salinity Regime

The distinctive inverse relationship between watgth and salinity in this
experiment is similar to those recorded by (Strehlet al. 2005) in Western Australia
lakes and reflects the pattern described by Nied$eh (2003). The lower salinity
peak in the second summer compared with the fiditates that salt was lost from
the water column, most likely to the sediments /mdncorporated into plant biomass
to balance to the loss of salt from the water col@a®s suggested by James, et al.
(2009). The bathymetry of each wetland is differ@md it is this which dictates the
depth-salinity relationship and hence the ratedagtee of salinity increase
experienced as the wetland dries. The period dinaation can influence a plants
salinity tolerance; generally, the longer an anitved been acclimated to a particular
salinity regime, the more tolerant it becomes (Hetral. 1991). In this study the rate
of salinity increases was modelled on the saliditgnges observed at Snuggery

wetland as it dried up during September and Octabé8, but it is important to
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recognise that this rate of change will be diffé@reach wetland and consequently

the response of the plants may be different.

5.4.2 Salinity Treatment

There are many examples of the sub-lethal affdctalmity exposure on aquatic
macrophytes and in particular, the reduction i ¢teashoot length and number
(James and Hart 1993, Macek and Rejmankova 200itjdvénd Ganf 2001, Salter,
et al. 2008, Warwick and Bailey 1997). Munns andmiaat (1986) state that under
elevated salinities, root growth is almost alwasslaffected than shoot growth and
so the root:shoot ratio is increas®@llisneria australigplants submerged at a salinity
of 18 mS crit showed a decline in leaf lengths but an increaslee number of

ramets per pot (Salter, et al. 200Bp/boschoenus medianhas been shown to
reallocate biomass in response to salinity by pcodufewer leaves and shorter culms
and simultaneously increasing tuber biomass (Mams Ganf 2001). They reported
that under a salinity of 13 mS &nand a nutrient loading of 100 g N3rbelow

ground biomass accounted for 64% of the total bssnhn this study, the percentage
of biomass allocated to below ground structures/85, < 90, < 75 and < 80% for
adult and juvenild. procerum, B. arthrophyllandB. medianusespectively, across
all salinity treatments suggesting that long texpasure to elevated salinity
conditions results in a large investment in beloaugd biomass by all species. This
Is consistent with work done by Salter, et al. @0@ho suggest that the shift in
biomass allocation byallisneria australisfrom leaf growth to vegetative
reproduction may represent a tolerance mechanismchwvould allow it to persist in

saline environments.

The earliest response to salt stress is a reduictithe rate of leaf expansion (Munns
1993)and this was seen in adult and juvenilprocerumand inB. medianust all

salinity levels in the first season. Growth of leaand shoots resumes when the stress
is relieved (Parida and Das 2005) and this was seacross all salinity treatments for
all species when the water level increased andisaWas reduced. In the second
season, as the salinity level increases, redugtitime leaf or shoot length and number
only occurred in the 12500 and 18788 cni® treatments fro juvenil&. procerum

andB. medianusind there was no reduction in stem length of nurfdyer

B. arthrophyllafor any of the treatments. This may indicate iasesl salinity

tolerance
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Salinity effects occur at various stages in the fiilstory of a plant (Hart, et al. 1991,
James, et al. 2003, Nielsen, et al. 2003). Stuzhdwe effects of salinity have
generally focused on impacts on adult life stagésch are potentially the most
tolerant life stages (Nielsen, et al. 2003). Thiglg shows that the initial lifestage at
exposure to the salinity regimes had a signifiedfect on the final dry weights of the
T. procerunplants The differences in the dry weights and leaf lerayid number
were greatest between adults and juveniles at 486@G25QS cmi’, with the adults
having much larger weights and measures. At higakmity, adults and juveniles
performed similarly and this suggest that the julesrare only more salt sensitive
than the adults at lower salinities. At salinitigeater than 6250S cni', the

sensitivities of adults and juvenile procerunplants are very similar.

5.4.3 Wetland Soil and Salinity Interaction

For both adult and juvenil€. procerumandB. arthrophylla,almost all dry weight

and morphological measures were significantly affeédy the wetland soil they were
grown in with plants grown in soil from Big Telowi&ving higher dry weights. The
major difference between the two soils was theah#alt content. Despite both soils
having the same starting salinity treatments img@ptes difference caused salinity
concentrations to be higher in treatments with fsorh Snuggery than in Big Telowie
for a majority of the experimental period. HowebgrJuly 2009, the salinities for
both soils were very similar. Therefore, the efi@fcsoil really indicates that even
when exposed to the same salinity conditions fgmoaving season, the elevated

salinity effects of the previous season will sisult in plants with a reduced biomass.

The interaction between salinity regime and wetlsoitlwas only prominent in dry
weight measures fdar. procerumand this interaction is reflective of the effecttthe

soil salt had on the salinity regimes.

5.4.4 Soil Salinity

Increases in salinity may become exponential thndirge due to the continual
accumulation of salts in wetland sediments (Jaetes, 2009, Nielsen, et al. 2003).
The results from this study support this with tighlest soil salt concentration
occurred in the top (0-5cm) of soil in the highealinity treatment for all species. The
significantly higher soil salt concentrations i tlop layer of soil than in the 5-10 cm

layer support the conceptual model outlined in @ap in which the process of
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capillary action continues to bring salt to thefsce even once the water level has
dropped below the surface of the soil. Watt, e(2007) have recorded the effects of
this in a seasonally flooded Mediterranean wetldingty observed that although the
distribution of macrophytes and the emergent veégetavas most likely influenced
by the direct effects of water levels rather thgrsbil salinity, brackish assemblages
were found where water levels were near the surfasammer and autumn leading

to increased salinity.
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6 The response of freshwater plants to salinity pul ses

6.1 Introduction

Despite being recognised as areas of ecologicaplaxity and conservation
importance (Davis, et al. 2006), wetlands contittuke among the world’s most
threatened ecosystems (Zedler and Kercher 200%) oDthe threats to wetlands is
salinisation, which is the process by which thecemtration of solutes, such as the
dissociated cations NaK*, Ca and Md, and the anions GISQ;, NOs;, HCOs, and
CO5%,increases. As salinity increases, biota becomeasingly stressed, resulting in
reduced growth and reproduction (Sim, et al. 2@0®) ultimately death (Kefford, et
al. 2007, Nielsen, et al. 2003), leading to a ahecin species richness (Hart, et al.
1990). Aquatic systems which comprise rivers, fldads, riparian zones and
wetlands, are going to be the most severely affieoyesalinisation as they occupy the
lowest areas in the landscape where salt can adaten(Brock, et al. 2005, Hart, et
al. 2003, James, et al. 2003, NLWR 2001, Walkea).2002)

While salinisation occurs due to natural proce¢&dmssemi, et al. 1995), the rate of
salinisation has increased significantly as a tefuhuman activity, such as land
clearance (Cramer and Hobbs 2002, Halse, et aB,2dért, et al. 1991) and irrigation
(Eamus, et al. 2006). The impact of anthropogersichédrges of saline water into
wetlands is of particular concern. Such dischaegesommon in landscapes affected
by waterlogging and dryland salinity, in which ex¢evze drainage networks have been
constructed to collect saline groundwater (Tangl Krelen 2002). While this water
can potentially be reused for agriculture, coolrigpower plants, aquaculture,
agroforestry or salt harvest from evaporation pd@sssemi, et al. 1995, Tanji
1990), conditions are often unsuitable for thess@eptions and disposal to existing
water bodies is the most widely used practice (1220). Consequently, resource
managers responsible for discharging saline waterwetlands require information
on the response of biota to increasing salinitgroher to develop management
regimes that will minimise salinity damage to séwusispecies (Warwick and Bailey
1998).

It is known that freshwater ecosystems underde ktological stress when subjected
to salinities up to 150QS cm (Hart, et al. 1991). At salinities above 1508 cmi*

freshwater macrophytes have reduced growth raksemluced development of roots
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and leaves (Nielsen, et al. 2003) and field suniayse shown that normally
widespread freshwater macrophytes are no longexdfati salinities of around
6250uS cm' (Brock 1981). However, while there have been metoglies on the
impact of increased salinity on the growth andritistion of freshwater macrophytes,
specific knowledge about how to manage the timoogcentration, frequency and
duration of releases of salt water in order to mise the impact on aquatic biota is
scarce (James, et al. 2003, Nielsen, et al. 2008¥®@en less is known about plant

recovery after salinity stress (Howard and Menadias1999).

In this paper, the survival, salinity tolerance aedovery of selected wetland species
that are subjected to a pulse of saline watersesaed for the Upper South East
region (USE) of South Australia, which is boundgdtie towns of Salt Creek
(36°12'S, 139°65'E), Keith (36°11'S, 140°37'E), &taorte (36°95'S, 140°75'E) and
Kingston SE (36°84'S, 139°86'E) and covers an are&er 1 million ha. Only 7% of
the original area of wetlands in the region rensaid are of high conservation value
(USEDS&FMP 1993). The wetland complexes are ephainsgstems that are often
dry during summer, and historically they were flley freshwater during the winter;

the majority of which was generated from surfageofti

In recent years, the wetlands have been isolated fineir original source of water by
a 650 km network of drains constructed to mitightethreat of water logging and
secondary salinisation. However, flow in the drassegulated, enabling water in the
drains to be discarded to sea or to be directedtimg wetlands. Consequently, the
drainage discharge has the potential to be of gamabbenefit to the wetlands,
depending on its salinity. From a management petisjee there is a need to assess
the impact of a pulsed discharge of saline draiveater of varying concentrations
and durations on key wetland species in an eftodetermine how to make best use
of the scarce water resources in the region (gigmore beneficial for the wetlands
to discharge saline drainage water of a certaiceaination to the ocean or to divert it

to the wetlands for a certain period of time?).

In this studyBaumea arthrophylldNees. Boeckeleiriglochin procerunR. Br,
Myriophyllum simulan©rch. andCotula coronopifolial., were exposed to a pulse of
saline water at two salinities, for two duratiomsl aheir subsequent recovery
assessed. Plants were chosen to represent fundroo@s (Blanch, et al. 1999)

inhabiting different areas in the wetlands, ancedasgpon their presence and
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vulnerability to salinity in wetlands in the USE $buth Australia. To address these
two salinity effects, the survival, salinity toleie and recovery of the selected
species, subjected to a pulse of saline water as&sessed on the following two
levels: (a) their overall survival and gross growdrameters including relative
growth rates and biomass; and (b) the effect ahisalon individual plant
components, including biomass of leaves, stemss lad tubers and morphological
measures. The ‘functional equilibrium’ concept asatibed by Brouwer (1983)
(Poorter and Nagel 2000, Van der Werf and Lamb@&6)l, will be used to see if a
six week salinity pulse followed by a four weekaeery period alters the way in

which the plants allocate biomass to the photostittorgans.
6.2 Materials and Methods

6.2.1 Species description and collection

Baumea arthrophyllas a rhizomatous emergent perennial sedge withawytal
photosynthetic stems which grow 1-2 m in heighs$d@ and Toelken 1986), able to
withstand extended periods of flooding and dryifgglochin procerunis a tuberous
perennial emergent with strap like leaves up to i tength inhabiting stationary or
slow moving water bodies (Sainty and Jacobs 20@@jiophyllum simulanss a
submerged perennial with long trailing stems andned leaves and emergent
flowering stems and is found in all mainland stateAustralia in fresh or brackish
water bodies (Sainty and Jacobs 20@3)tula coronopifoliais a herb land species
often found on flooded soils with bright yellow but-like flowers and can be found
in fresh water and brackish tidal areas (Romanod88B). All species were collected
from the field in September 200Baumea arthrophyllavas collected from Bool
Lagoon in the south east of South Australiaprocerumwas collected from a disused
treatment wetland in Willunga, South Australia &hdsimulansandC. coronopifolia
were collected from Tolderol Game Reserve near ld&randrina, South Australia.
Plants were potted in tubes in sandy-loam; indigidhizomes oB. arthrophyllaand

T. procerumandstem segments &fl. simulansandC. coronopifoliaand allowed to
establish.

6.2.2  Experimental design

Plant performance under three conductivity regimas examined; control

(<1500uS cm), 6250uS cmitand 1250QuS cm’. Plants were exposed to salinity
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pulses of either three weeks and six weeks (hereiitmed 3 or 6 week exposure),
followed by a four week recovery in water with andactivity of less than

1500uS cmi'. Sea water diluted with reticulated water was useatljust
conductivities. Conductivities of 6255 cni® correspond to the threshold salinity for
aquatic macrophytes (James and Hart 1993), ancbtiductivity of groundwater
drains in the USE of South Australia is commonlpa@uS cm’. Initial fresh mass

of the plants were taken and they were re-potterdbags 19 cm x 19 cm x 20 cm
filled with loam containing Osmocote® and Osmodekes®, which are slow release,
complete nutrient fertilisers in the proportion7o8 to achieve a nutrient loading
equivalent to 30 g fhof nitrogen (Morris and Ganf 2001), and toppechveiay. For
each species, 84 plants were established undér#&&500uS cni') water logged
conditions for four weeks before the salinity treahts were imposed. At the end of
the establishment period, 12 plants of each spaees randomly selected and
harvested for initial dry mass so that a relatignéletween leaf length and dry mass
could be determined to enable the estimation ofthding dry mass of the remaining
plants. The remaining 72 plants were randomly ithisted between the eight salinity-
duration treatments, each with four independenta&ges, with three plants per
replicate. At the end of the salinity pulse expedigither three or six weeks), for each
salinity treatment, one plant from each of the fieplicates was harvested leaving
two plants per replicate. The treatments were &eet to less than 15Q(5 cni*

using reticulated water, with the water depth bemaintained. The treatments were
allowed a four week recovery period after which ii@aining two plants were

harvested. At harvest, final morphological and assxmeasures were taken.

To isolate the different salinity-duration treatrtegrclear rigid PVC chambers,

60 cm x 60 cm x 57 cm high were used. These waeedlin two outdoor ponds

(4.5 x 3.5 x 1.2 m deep). Two of the four replisaieatments were assigned to each
pond and the chambers arranged randomly withipéimels. The chambers were
semi-immersed within the ponds to minimise tempgeavariations. It was assumed
that the salinity of the soil pore water was theeas that of the surrounding water as
the plant pots were perforated with numerous himesable the free exchange of
ions between the sediment and external mediumsand in which the plants were
grown is a coarse and permeable soil. A maximunthdefpwater of 15 cm above soill
level forB. arthrophylla, T. procerurandM. simulansvasimposed Cotula

coronopifoliawas raised such that the maximum inundation thetperienced was
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five cm above soil level. This was done to enshat &ny stress response would be

due to changes in salinity and not caused by aemet water regime.

Morphological measures including stem or shoottle@egnd number of new stems or
shoots were taken at approximately 10 - 14 dayvats.

6.2.3 Growth analysis during exposure and recovery phase

The relative growth rate (RGR) was determined usiiegfollowing formula (Harper
1977):
AT
Equation 2

where W and W represent plant dry mass (g) at times 1 and Z2odisiely andAT
represents the difference between times 1 andy&)d&iglochin procerumhas a
high leaf turn over rate and so the RGR for thescggs was calculated including the

mass of the turned over leaves but the final biewass not.

For the three and six week exposure treatmentgdier to calculate the RGR it was
necessary to estimate the dry mass of plants ataneof the experimental period
(time 1). This was achieved using the relationfl@fween leaf length and dry mass
for T. procerumand stem length and dry mass for the other spé€igare 6-1). As
there were no differences between the leaf lengthday mass relationship between

the salinity treatments, data from all harvesteoh{d were included in the regression.
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Figure 6-1: Total dry mass (g dry mass) to leaf length (cm) relationship for (a) T. procerum and total dry
mass (g dry mass) to stem length (cm) relationship for (b) M. simulans, (c) C. coronopifolia and (d)

B arthrophylla.

To calculate the RGR during the four week recoyrgse the dry mass at the

beginning of the recovery phase was estimateche@adlationships in Figure 6-1.

6.2.4 Statistical analysis

Statistical analyses were carried out using thiis§tzl software package JMP
(version 4). For each species, one-way ANOVAs weed to determine if there were
differences between final plant dry mass after sypeto the three conductivities for
either three or six weeks and after plants wemstered to freshwater

(<1500uS cm) for four weeks. Two-way ANOVA's, factor one satin(three

levels), factor two duration (two levels) and atemaction term (salinity x duration)
was used to determine if there were differencewdet final dry mass measures for
plants exposed to three salinity levels for différéuration periods (three or six
weeks) and the subsequent plant responses whemwdreytransferred to freshwater

for four weeks. Normality of the data was testeitgis. Shapiro-Wilk test,
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homogeneity of variance with the O'Brien test aimel Tukey HSD test was used to

compare means.
6.3 Results

6.3.1 Triglochin procerum

A three week exposure to the three salinities didmfluence RGR, total, leaf or
tuber dry mass but both below ground mass andmass were highest at
conductivities of 625QiS cmi* (Figure 6-2). However, an additional effect ofirsigy
became apparent when plants were transferredsbvirater for four weeks; total
mass, leaf mass and root mass were highest foisptaposed to 1500S cni' and

lowest for plants previously exposed to 12H®cmi’.

Exposure to the three salinities for six weeksraitleffected plant mass but did RGR
because of the rapid leaf turn over which was ipemated into the calculation of
RGR. On transfer to freshwater for four weeks thaaats that had been exposed to

12500uS cni’ recorded the lowest mass measurements.

The duration, three or six week, that plants wemosed to salinity influenced the
final total dry mass (F=9.88 p = 0.0056), the lmadl root mass (F=14.07. p = 0.0015;
F=12.84, p=0.0021) but not the RGR and there wasfh@ence of salinity nor was
there evidence for an interaction between salimty duration (Figure 6-2). During
the four week recovery phase tuber mass was irgeeby an interaction between
salinity and duration (F=4.31 p=0.0295) whereaalfdry mass (F= 4.25, p=0.0308)
and leaf mass (F=19.36, p=<0.0001) was influengeshlinity (Figure 6-2). Root
mass responded to both salinity and duration (RB=p=0.0089; F=4.86, p=0.0408)
but below ground mass only responded to duratie®.(#4, p=0.0243). To calculate
the RGR ofT. procerumit was necessary to take into account for itsc dguf

turnover rate. After the four week establishmeraga) the number of leaves
increased in all treatments but there were no idiffees among the number of leaves
per pot or total leaf length with treatment. Afgeshort lag, leaf numbers at

12500uS cm’ in both the three and six week exposures respopdsitively to fresh
water. After a four week recovery, the final numbgleaves for plants grown at
6250uS cmi' (11+1.1 and 11.4+4.2) and 12508 cni* (13.6+3.7 and 12.4+3.6) were

similar for both the three and six week, respedbfive
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Figure 6-2: (a) RGR (g g! dry mass d-'), (b) Total (g dry mass), (c) Leaves (g dry mass), (d) Below ground
biomass (g dry mass), (e) Tubers (g dry mass) and (f) Roots (g dry mass), for T. procerum exposed to
conductivities of <1500 uS cm! (black bars), 6250 uS cm (dark grey) and 12500 puS cm (light grey)
where 3 ex and 6 ex represent the three week and six week exposure periods and 3 ex re and 6 ex re
represent the exposure periods plus a four week recovery period. SE bars are shown and where letters are
present, they refer to significant differences within a time period, due to salinity effects, as determined by
a one-way ANOVA.

Plants at 150QS cm® for the three week exposure plus four week regohad
consistently more leaves than the other treatmémtsach salinity level, the final

number of leaves was similar for both the threeknazed six week exposure followed
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by a four week recovery. For the six week treatmethiere was a clear separation of
average leaf lengths between the different salinéggtments; however in the recovery
phase there was a decrease in average leaf lexigthited by all salinity treatments.
For both the three week and six week exposuredognd of the recovery period the
average leaf lengths were similar across salinggttments with leaf lengths of
between 38.2+3.4 and 43.9+4.0.

6.3.2  Myriophyllum simulans

The only influence that a three week exposure edlthee salinities had was a small
but significant increase in the root mass at the twgher salinities (Figure 6-3). On
transfer to freshwater for four weeks, the stemrdags was significantly lower for
those plants that had been exposed to 1S06mi* but there were no detectable
differences in the other parameters (Figure 6-&erfexposure to the three salinities
for six weeks, RGR, total and stem dry mass weghest at 625QS cm’. On

transfer to freshwater for four weeks those plamas had been exposed to

1500puS cmi* had the highest total dry mass compared to thasehtd been exposed
to the higher salinities. During the exposure pirRGR and stem dry mass was
influenced by an interaction between salinity aodcation (F= 14.71 p=0.0002;
F=3.59, p=0.0490); the origin of the interactiorsvexposure for three weeks at the
three salinities did not influence RGR or stem niagsafter six weeks exposure the
RGR and stem mass at 6288 cni' was significantly greater than at the other
conductivities. During the four week recovery phtsefinal dry mass was negatively
influenced by salinity (F=10.0 P=0.0012), RGR bg tluration of exposure ((F=5.34,
P=0.033) and stem mass by an interaction betwditygand duration (F=3.80,
p=0.0419).
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Figure 6-3: (a) Dry weight RGR (g g-! day"'), (b) total dry weight (g), (c) dry weight of stems (g), and (d) dry
weight of roots (g), for M. simulans exposed to conductivities of <1500 uS cm-! (black bars), 6250 uS cm-!
(dark grey) and 12500 S cm-! (light grey) where 3 ex and 6 ex represent the three week and six week
exposure periods and 3 ex re and 6 ex re represent the exposure periods plus a four week recovery
period. SE bars are shown and where letters are present, they refer to significant differences within a time

period, due to salinity effects, as determined by a one-way ANOVA.

6.3.3 Cotula coronopifolia

The experiment was unable to detect any statitisggnificant differences in the
response of any of the plant measurements to salifithin either the three and six
week exposures or the four week transfer to fretgmw&igure 6-4). Two-way
ANOVA's showed that during the exposure phase, ttimanfluenced the final dry
mass (F=13.90, p=0.002), leaf dry mass (F=14.88,Q832) and stem dry mass
(F=16.25, p=0.001).
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Figure 6-4: (a) Dry weight RGR (g g-! day*'), (b) total dry weight (g), (c) dry weight of stems (g), (d) dry
weight of roots (g) and (e) dry weight of leaves (g), for C. coronopifolia exposed to conductivities of

<1500 S cm (black bars), 6250 uS cm- (dark grey) and 12500 puS cm-* (light grey) where 3 ex and 6 ex

represent the three week and six week exposure periods and 3 ex re and 6 ex re represent the exposure

periods plus a four week recovery period. SE bars are shown and where letters are present, they refer to

significant differences within a time period, due to salinity effects, as determined by a one-way ANOVA.

Root dry mass was influenced by an interaction betwsalinity and duration

(F=4.25, p=0.036) which was probably as a resulhefroot mass being highest for

plants exposed to 15Q(5 cni’ for six weeks whereas there was no difference
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between the salinities for the three week expositer the recovery period there

were no detectable differences between the plarackeristics.

6.3.4 Baumea arthrophylla

No differences were detected between salinity tmeats for each time period (Figure
6-5). During the exposure phase the experimenttigtean effect of duration on root
dry mass (F=5.04, p=0.039) and during the recotreatment an influence of
duration on stem dry mass (F=4.75, p=0.043).

6.3.5 Survival and biomass allocation

All four species survived exposure to salinity psl®f three and six weeks. However,
one of the replicateC. coronopifoliaplants exposed for six weeks to 6289 cni*

and 1250QS cni’ died by the end of the recovery period After arfaeek recovery
period all species showed an increase in the doyatnass compared with the total dry
mass immediately before the salinity exposure. &mesults suggest that the four
species can tolerate salinity pulses of betwee® 626l 1250QS cni'. For each
species in the six week exposure followed by a foeek recovery treatment the total
plant biomass was plotted against the photosymthissue dry mass. The
relationships were linear. Fat procerumy=0.23x + 1.66,30.94, p=<0.0001,

n=24; forM. simulansy=0.86x + 0.14,%=0.99, p=<0.0001, n=24¢r C.
coronopifolia,y=0.11x + 1.17,%0.81, p=<0.0001, n=2&nd forB. arthrophylla
y=0.53x + 0.16,%24, p=<0.0001, n=24
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Figure 6-5: (a) Dry weight RGR (g g-! day*'), (b) total dry weight (g), (c) dry weight of stems (g), (d) dry
weight of roots (g) and (e) dry weight of leaves (g), for B. arthrophylla exposed to conductivities of
<1500 S cm (black bars), 6250 uS cm- (dark grey) and 12500 puS cm-* (light grey) where 3 ex and 6 ex
represent the three week and six week exposure periods and 3 ex re and 6 ex re represent the exposure
periods plus a four week recovery period. SE bars are shown and where letters are present, they refer to

significant differences within a time period, due to salinity effects, as determined by a one-way ANOVA.
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6.4 Discussion

6.4.1 Survival

Previous field work has shown that common freshivai@crophytes such as the
species used here are not found at or above cdwidiestof 6250uS cm’ (Brock
1981). However, in this study plants experiencewoativities of 1250QS cm’*

and the 100% survival exhibited By procerum, M. simularsndB. arthrophylla
shows that these plants can tolerate exposurepftw gix weeks in saline conditions.
These results show that the toxic effects of elvaalinities are not immediate, but
are due to long term exposure. The fatalities w@iforC. coronopifoliaoccurred in
the four week recovery period after six weeks eypoand were plants that had
performed poorly throughout the experiment. Theeefois likely that these deaths
can be attributed to an inability of the plantesbablish rather than the treatments to

which they were exposed.

6.4.2 Above Ground Biomass

Munns and Termaat (1986) state that the earlisporese of a non-halophytic plant
exposed to an elevated salinity is that leaves gnone slowly.Triglochin procerum
demonstrated this by producing fewer leaves ratier a reduction in average leaf
length, a finding that is contrary to that reporsdlames and Hart (1993), who
recorded a decrease in leaf length but no differémaiumber of leaves produced. A
reduction in leaf length also corresponds to acedn in the photosynthetic area,
resulting in a decrease in the amount of carbormlduet is able to acquire for growth
and ultimately the ability to complete its lifecgcMyriophyllum simulanshowed a
reduction in stem mass as salinity levels increaBeth T. procerumandM. simulans
have a large proportion of their biomass direatlgontact with the water in which
they grow and it is perhaps this aspect of theirphology that makes it more
difficult for them to tolerate saline environmethanC. coronopifoliaor B.

arthrophylla

6.4.3 Below Ground Biomass

Differences in the total below ground biomasd oprocerumonly became apparent
in the recovery phase, suggesting that it is capablithstanding short periods of
exposure to saline conditions but its ability toaeer is compromised when exposed

to conductivities of 12500S cm®. The ability of T. procerunto accumulate biomass
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in the recovery period was compromised at highkmigas at both pulse durations as
were the root dry mass. To exist in a saline emvirent, plants must take up water
whilst excluding salt. Under saline conditions tiegter potential gradient between the
external media and the xylem is lower, impedinguptake of water by the roots and
leading to internal water deficits (Colmer 1999 énder-developed root system
may also reduce a plant’s ability to obtain nutisesind minerals required for growth

and this compromises the long term survival andwigf the plant.

Triglochin proceruntubers are thickened fleshy underground storagens which
accumulate reserves. The length of time the plaete grown impacted the mass of
the tubers and roots. Even under fresh conditioteok the plants more than seven
weeks to start producing tubers, however the glabisty to do this was also
affected by salt exposure. The mass of tubers asect after six weeks exposure and
four weeks recovery and the effect of salinity coalso be detected. Without these
storage organs, the plant has no reserve to draamdntherefore the health and
survival of the plant is likely to be reduced.dpeat pulsed salinity releases are to be
carried out, the plants would have a much bettancé of recovering if they had
storage reserves and hence the time it takesdgetteserves to be accumulated
should be factored into the time between pulsesgls. Salinity exposure has been
shown to reduce the belowground biomass of othmrtproducing wetland plants.
(Martin and Shaffer 2005) showed that under colado$alinity, hydrologic regime
and substrate typ&agittaria lancifoliaL had a reduced belowground biomass
production at a conductivity of 88Q cm’ in comparison to plants which were

grown at 150QuS cni'.

6.4.4 Total Biomass

Biomass is often used as a surrogate for carban @ae reduced total biomass in the
elevated salinity treatments, exhibitedThyprocerumafter the recovery phase,
indicate that up to six weeks exposure to salimeltmns did not affect the plants’
ability to accumulate biomass. However, their &piio recover from the changing
conditions from saline to freshwater was comprouahise contrast, foM. simulansa
difference in total dry biomass between salinigatments was detected after six
weeks exposure and after four weeks recovery, atidig that for this species, a
greater than three week exposure to saline conditdfects its growth and

subsequent recovergotula coronopifoliavas unaffected by the treatments with
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large variation in the results making conclusiotfadilt. This species can be
associated with more saline conditions (Sainty dambbs 2003) and therefore it is
expected to thrive in the higher salinity condisott is also a species that may be
associated with disturbances and therefore woulddseaffected by changing
conditions. Stress may upset the functional equulib of a plant (Brouwer 1983 cited
by Poorter and Nagel 2000). (Poorter and Nagel pOBOwed that variations in light
and nutrient supply resulted in biomass allocatisanges ifGeum urbanuni.
However in this study, after a six week exposursaimity followed by a four week
recovery period, the response of all species inedcthat exposure to salinity did not
affect the proportion of the total biomass the fdailocated to photosynthetic

material.

6.4.5 Relative Growth Rate

The RGRs off . procerumwere different after six weeks exposure and a tvag-w
ANOVA showed that the duration of the exposureaiingy was the major factor
discriminating between the recovery treatments.Nfasimulanghe variable results
suggest that the significant salinity — duratioteraction may be a product of this
variation. The source of the variation is most jaally the initial plant material;
although the plants may have appeared ‘equal’eabéginning of the experimental
period, there may have been ontogenic differenegdgting in large differences in the
final measures. No differences between the RGR& cbronopifoliawere detected
within treatments between salinities. Between recpwreatments both salinity and
duration were statistically significant factors.wkver, the variation within and
between treatments obscures any biological corariudihe salinity treatments had
very little effect on the growth of the sedgearthrophylladuring exposure and in
recovery and this may be attributed to its very rawth rate. Despite the variability
in the RGRs measured in this study, they are ctamdigvith the RGRs recorded for
aquatic macrophytes in previous studies; 0.02 day" for Vallisneria americana
Michx. (now Vallisneria australisS.W.L.Jacobs & Leq)Blanch, et al. 1998),
between 0.03 gbday® and 0.042 g §day* for Bolboschoenus median(.J.Cook)
Sojak (Morris and Ganf 2001), 0.044 §dpy* B. medianugBlanch, et al. 1999) and
0.4 g g-day” for T. procerumand 0.036 g §day’ B. arhtrophylla(Rea 1992). Rea
(1992) also records negative RGRsBorarthrophylladuring the summer months.
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Plant growth is dependent on leaf expansion toigeothe photosynthetic material
required for carbon fixation and growth. Growthrobt material is important for
water and nutrient uptake. As soon as there islaibition of these factors, the total
biomass of the plant is affected. Harprocerumdespite having reduced leaf, root
and total dry mass at the higher salinities, theae no difference in RGRriglochin
procerumis a species that has a high leaf turnover radetlam leaves that were grown
and then died were included in RGR calculationsif less at different salinities was
similar but plants grown under fresher conditiorsdpiced more leaves than those
grown in saline conditions. As a consequence aghdbe final masses differed the
proportional increase was similar leading to simi&Rs. Therefore, unlike in
mangroves where leaf drop has been widely accegst@dsalt tolerance mechanism
(Thomlinson 1994) iff. procerumjncreased salinity does not increase leaf drop but
reduces new leaf growth. This is in contrast ta thported by Warwick and Bailey
(1997) where conductivity exposure up to 8§@cmi* had little effect on leaf gain

or loss.

6.4.6 Management implications

It is important to assess both the immediate, deom and long term effects of
exposure to saline conditions. For the plants teshes study demonstrates that the
immediate effect of high salinity environments anshalophytic plants is not
detectable after three to six weeks of exposurethgushort term impact of the pulse
does affect the ability of submerged plants to vecoNielsen et al. (2007) showed
that there was no immediate or short term impadheremergence of aquatic plants
from wetland sediments which were exposed to a sadjinity pulse of water of short
duration (2 weeks) followed by a return to freshatWick and Bailey (1998) reported
thatPotamogeton tricarinatus.Benn. exposed to conductivities of up to

8800puS cmi' immediately after turion emergence survived algfowere reduced in
size, however, those exposed 34 days post-emergepeeienced catastrophic leaf
loss. Therefore the timing of the pulse releasmortant and needs to coincide with

the life stages of the plants.

Vallisneria australisan Australian native, freshwater macrophyte hsisndar
growth form and thrives in similar environmentahddions toT. procerum Research
by Salter et al. (2008) showed thataustralisgrown at 1690QS cm®, submerged

for 20 weeks had a 100% survivorship but reducechbss and leaf length compared
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to those grown at 950S cni'. However, they concluded that under fluctuating or
adverse water conditions, such as drying for upBtaveeks followed by
submergence, salinity strongly compromised thdieasie ofV. australis.The initial
condition of the plants in the wetland is a criti@ctor in determining if the
application of the water, even in a pulsed regwi# be beneficial to the plants.
Work by Morris and Ganf (2001) usigy medianuslemonstrated that under saline
conditions (up to 1220AS cm?), increasing the nutrient load increased plant
performance. Therefore, if saline water is to bedus wetlands, it should be ensured

that the nutrient load of the water is sufficiemmtitigate against the toxic effects.

The emergent sedges suctBasrthrophyllaand the herb land species such as

C. coronopifoliamay be more resilient to short term salinity effettowever the long
term consequences of pulsed salinity regimes asd to be considered. In wetlands
it is important to ensure that the salt water catteed be purged from the wetland but
due to the ephemeral nature of many of Australi@tands, as they dry the salt will
accumulate in the sediment. Historically, in wetlaithat are linked to watercourses
or in flow paths, it would have been flushed outinly the next high-flow event
however many wetlands no longer receive the higivslrequired for flushing
(Nielsen, et al. 2003). Over time this accumulatiauld lead to a build up of salt in
the basin, which has the potential to be re-dissblvhen the wetland next receives
water. This would add to the overall salt loadre water in the wetland and could be
a potential risk for rivers if a pulse release aoed during a low flow period. The
long term impacts of salinity on flowering and Viaseed set need further
investigation. Plants growing in ephemeral wetlaadsat risk because if a saline
pulse slows their growth they are unlikely to coeteltheir life cycles before the
wetlands dry, and therefore fail to leave behinmppgules resulting in a depletion of
the seed bank of the wetlands. In this trial, ahi/C. coronopifoliaflowered. It is
important to recognise that when combined with ofteessors that are experienced
under field conditions such as herbivory, companitand flooding, the results from
this controlled experiment may underestimate tifecebf elevated salinities on plant
health.
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7 The effect of inundation and salinity on the germ ination

of seed banks from wetlands in South Australia

7.1 Introduction

In many regions, the hydrologic cycle is modifiemhtnually by land use and climate
change. In Southern Australia the latter is likelyesult in hotter, drier conditions
and more variable wetland water regimes (Warwiak Brock 2003). Periods of low
surface water availability often coincide with ieased salinity (Hart, et al. 1990,
Nielsen and Brock 2009, Nielsen, et al. 2003), beeavapo-transpiration causes

salts to accumulate in both surface water and sadifdames, et al. 2009).

In wetlands subject to wide environmental fluctaas$i, regeneration of plant
communities depends upon a seed bank or vegematypagules (Brock, et al. 1994).
The maintenance of a propagule bank is a majoorfactthe continued existence of
many plants common to Australia’s temporary wettailants survive by building
up a seed bank during favourable conditions, whits as a refuge (Warwick and
Brock 2003). Leck and Brock (2000) reported thadsefrom Australian species all
tolerated drying, and most germinated rapidly eficdeding; a prerequisite for

survival in temporary wetlands.

Both salinity and water regime influence germinati@asanova and Brock 2000,
Keddy and Constabel 1986). Increasing salinity megiuce viability of the seeds,
thus reducing seed bank potential, block the dugisttigger emergence, leaving
propagules alive but dormant in the seed bankpbafiect emergence but seedling
death follows quickly (Nielsen, et al. 2003). Unéiégh salt conditions, this may act
as a pre-selection pressure such that species wsbeds are intolerant to such
conditions are selected against. At salinities alt500uS cni' species richness and
abundance of freshwater aquatic plants decreaseskBet al. 2005, James, et al.
2009, Nielsen, et al. 2003, Smith, et al. 2009jtdpent water regimes, and the
duration of flooding events in particular, resultdifferent assemblages of species
(Casanova and Brock 2000) and previous environrheatalitions experienced by a
wetland may also influence emergence from the baa#l (Britton and Brock 1994,
Brock, et al. 2005). Warwick and Clarke (1993) destoated a pronounced increase
in variability among replicate samples from peradlreatments in a variety of
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environmental impact studies. They suggest thaalaity in itself may be an

identifiable symptom of perturbed situations.

The Upper South East (USE) region of South Austriadis over 200 ephemeral
wetlands; however dryland salinity has lead todtwestruction of a network of deep
groundwater drains, often running adjacent to wetleomplexes. This has lead to a
drop in local groundwater levels, impacting the toyolgy of many wetlands. This, in
combination with drought conditions, has resultediany of the wetlands
experiencing extended dry periods; up to eighty@asome cases. Consequently the
USE is a region in which water for environmentalgmses is becoming scarce and it
is therefore important to know how wetland seedkbarspond to re-wetting under a
range of salinities and water regimes after expeng extended periods of dry

conditions at varying soil salinities.

This study investigates the combined stressorsenfipus hydrology and salinity
regimes on seedling emergence from the seed baité different water regimes and
concludes whether or not saline drainage waterldhHmiused to stimulate
germination. The following hypothesis was testedthee length of time for which a
wetland seed bank has experienced drought andtigslin 1500uS cm*increases,
the diversity of species emerging from the seed bal decrease, irrespective of the
water regime or salinity treatment imposed. In 8tigdy, sediments from three
wetlands in the USE representing a gradient of wastr regimes and salinity, were
subjected to water of four salinities: <7@8S cmi*, 1500uS cm’, 4400uS cm'; and
7350uS cmi', under two water regimes: drained and flooded itimms. The
germination response; the number of individualsnieating and the number of

species present, was examined.
7.2 Materials and Methods

7.2.1 Site description and soil collection

Three wetlands; Rocky Swamp, Hanson Scrub and Byr®B, were selected on the
basis of their previous salinity and hydrologic idweristics (Table 7-1) so that
previous surface water salinities ranged from 4b0P9400uS cm’ and the time

since last inundation from 2 to 5 years.
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Table 7-1: Summary of site characteristics for Rocky Swamp, Hanson Scrub and Bunbury CP.

Characteristics Rocky Swamp Hanson Scrub Bunbury CP
Location (WGS84, 54H) 426424E, 5952589N 411078E, 5952230N 406922E, 6002632N
Last Inundated (SEWCDB unpublished) 2005 2004 2002

Salinitv at last Inundation (uS cm-") 8800 4100 29400

Approximate Avg Winter Rainfall (mm) 233 187 165

2003, 2004, 2005 & 2006 Winter Rainfall 325, 261, 260, 74 267, 241, 189, 61, 212,195, 181, 82
Soil Type Light Clay Sandy Loam Heavy Clay

Soil Salinitvse (US cm") 120007350 19504600 691000424000

At each wetland, soil samples were collected frova focations at three elevations:
the deepest part of the wetland; midway betweenléepest part of the wetland and
the high water mark; and at the high water matkta of 15 samples per wetland.
Each sample consisted of a 15 cm x 15 cm % 5 cip sl@écore. Samples were
collected on the 11th and 12th of April 2007. Thé samples were oven dried to a
constant weight at 35°C. The soil was sieved takorg sediment and gross organic
matter was removed. The composition of the seell bay differ depending on
elevation however in this study the response otdked wetland seed bank was under
investigation. For each wetland, five composite giasconsisting of a sample
randomly selected from each of the three diffesdewations were produced. This

ensured that each sample contained sediment repaige of the whole wetland.

7.2.2 Experimental design

Aluminium trays (19 x 11 x 7 cm) were filled withredy loam to a depth of 6.5 cm.
150 g of dried, sieved sediment from each compasiteple was spread out on top of
the sandy loam. The large sandy loam to sedimdotmeratio ensured that the
influence of the initial soil salinity was minimidgeA slow release fertilizer
(Osmocote® and Osmocote Plus®) was added to giwgaivalent nitrogen loading
of 100g n¥ year'. To mitigate fungal infection each sample wasteeavith a
fungicide (Fungaride®).

Samples were placed in a glasshouse to minimispdeature extremes (Britton and
Brock 1994), under the assigned water regimesnédaand flooded; and salinity
treatments: <73fS cn’; 1500uS cm'; 4400uS cm’; and 735QuS cm®. The

treatments were imposed by placing samples in bfmiowater treatments, each

treatment containing the water with a differentrsg} treatment. Holes were pierced
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in the bottom of each tray to enable the exchargeater and ions. The salt
concentration and depth of the water in the treatsme&as monitored and maintained
every two to four days. By sitting the sample oa blottom of the treatment a flooded
regime (under two cm of water) was imposed. Trdgsan on a step within the water
treatment experienced drained conditions, as d@ywery base of the tray was
exposed to the water. As seedlings emerged, they egeinted and removed from the
trays fortnightly. The seedling emergence techniggexd by Brock et al. (1994) was
followed. An individual of each species was growntilut could be identified. Plants
were identified by Rosemary Taplin from the Soutisalian State Herbarium. The
experiment lasted 16 weeks (27th April 2007 to 20tigust 2007) after which no

more seedlings emerged.

7.2.3 Statistical analysis

Because salinity was not replicated the statisacalysis only compared the factors
wetland (site) and water regime within each salitiéatment. The means and
standard deviations of the total number of gerntnand number of species in each
treatment were calculated. A 2-way ANOVA was useddmpare the effects of
different water regimes and wetlands on the nurobgerminants and the number of
different species germinating within each of thing#g treatments. A 2-way
PERMANOVA was used to determine if significant etieoccurred between
treatments and if there were any interactive e$feegtthin each of the different
salinity treatments. The analysis was conductedguBRIMER 6 (V6.1.10) +
PERMANOVA (PRIMER-E). Using the same input datd@ashe PERMANOVA, a
2-D NMS ordination was produced using the PC-Oedseftware (McCune and
Mefford 1999).

7.3 Results

7.3.1 Seedling Emergence

A total of 25 species were recorded in the seet@tdahthe three wetlands; 21 species
in Rocky Swamp, 19 in Hanson Scrub and 13 in Bupianservation Park. Five
taxa could not be identified as attempts to grosntho a stage where they could be
identified were unsuccessful. The mean number edlsggs emerging ranged from
1270 n¥ in Rocky Swamp under drained conditions at 188G to 0 m? in

Hanson Scrub under flooded conditions at 78S&ni* (Figure 7-1). Within each
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salinity treatment, only water regime had a sigaifit effect on the total number of
germinants, (73RS cm'; F=18.45, p=0.0001, 15Q06 cm®; F=12.13, p=0.0012,
4400pS cm'; F=15.21, p=0.0004 and 735 cni'; F=5.70, p=0.0220) with a higher

number of germinants recorded under drained camdit(Figure 7-1).

For the total number of species germinating wittach salinity treatment there was
an interaction between water regime and site irV88&.S cm’* treatment (F=4.63,
p=0.016). Water regime had a significant effechvhitgher total number of species
recorded under drained conditions (15®cm’*; F=28.73, p<0.0001, 44Q€5 cm’;
F=32.68, p<0.0001 and 735 cm’; F=6.02, p<0.019). Site was significant in the
1500pS cm’ treatment (F=5.63, p=0.007).

2500 + 12 4
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< Flooded
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Salinity Bath Salinity Bath

‘l Rocky Swamp @ Hanson Scrub O Bunbury CP ‘ ‘I Rocky Swamp @ Hanson Scrub @ Bunbury CP

Figure 7-1: (a) Mean number of seedlings m-2 and (b) the number of species; that emerged from the three
different wetland sediments under drained or flooded water regimes in each of the different salinity

treatments (S cm-!). Bars represent standard deviations.

Numerically, Rocky Swamp was dominated by floodplspecies which were greater
than five times more abundant than aquatic speemsHanson Scrub, exotic
terrestrial species were the most abundant witlatgapecies accounting for less
than a fifth of the total number of species. Simylafor Bunbury Conservation Park,
exotic terrestrial species were most abundant whéenative terrestrial species had
the smallest number of individuals. For both HanSorub and Bunbury
Conservation Park exotic grass@sé€na spandHordeum sp.accounted for a

majority of the exotic terrestrial individuals.

7.3.2 Two-way PERMANOVA

The results for a 2-way PERMANOVA examined theuefice site (the previous
hydrologic and salinity history of a wetland) ahe effect of the imposed water

regime within each salinity regime on the numbeindividuals of each species that
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germinated. There were significant interactionsvieen the water regimes and site at
all salinity treatments. At 735, 1500 and 44®cni‘at Rocky Swamp (F=2.61,
p=0.003, F=2.29, p=0.003 and F=1.93, p=0.004) amaskn Scrub (F=2.41, p=0.001,
F=2.09, p=0.001 and F=1.97, p=0.001) there wengfgignt differences between
germination response under drained and floodedittons, but there was no
difference at Bunbury CP. For 738 cm'the interaction only occurred at Hanson
Scrub (F=2.20, p=0.002).

7.3.3 Ordination

A 2-D ordination (stress=9.48) shows a separatfaites (Figure 7-2) with the
majority of the Rocky Swamp samples located inupper right hand corner of the
ordination, Hanson Scrub in the upper left, andlBugm CP samples in the lower left
hand corner. The vector representing water regiateam ¥=0.5 however the vector
representing salinity was only significant at & 0r1. No germination response was
recorded for Hanson Scrub samples under floodedittons and therefore they

cannot be shown on the ordination.

1500 Drained Wetland
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*
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Figure 7-2: 2-D Ordination (stress =9.48) of samples (labelled triangles) in relation to the associated

species (dots) with the vectors representing water regime (r2=0.5) and salinity (r2=0.1) displayed.
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7.4 Discussion

The position of the drained and flooded sites @ndidination are consistent with the
vector representing water regimé&0.5) with the drained samples situated towards
the top of the ordination and the flooded samptébeabottom. Various studies have
demonstrated higher germination rates and divewsitier drained rather than flooded
conditions (Boedeltje, et al. 2002, Brock, et 802, Robertson and James 2007, van
der Valk and Davis 1978) and this work supportsé¢hiendings. The positions of the
native aquatic and riparian species which are commavetlands in the South East
region of South Australia are associated with #mages from Rocky Swamp and
Hanson Scrub, the wetlands with the fresher pristyiswhich were exposed to

drained conditions.

Previous work by Brock et al. (2005) and Nielsenale{2003) has demonstrated that
as salinity increases above 158 cm’ there is a decrease in species richness and
abundance of the plants germinating. Site wasrafgignt factor under salinit