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DESCRIPTION, HISTORY, AND WATER CHEMISTRY OF THE RECENTLY
RESTORED WATERVALLEY WETLANDS IN THE
SOUTHEAST OF SOUTH AUSTRALIA
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Abstract:  The southeast of South Australia has a history of drainage of wetlands 1o increase the amount of
land available for agriculture. Recently, some landholders have reversed this trend by restoring the wetlands
on their land to provide habitat for wildlife. The Watervalley Wetlands are the most extensive of these
restored wetlands. The water is high in nutrients, hard, alkaline, and variably saline. The salinity of these
wetlands varies in both time and space. Seasonal variations in salinity within the wetlands are conducive to
high productivity, and the variation between wetlands ensures diversity of habitat, However, careful mon-
itoring is required to determine whether the observed seasonal cycles of rising and falling salinities will
continue or whether salinity will increase to undesirable levels at some time in the future. Long-term
monitoring is also neccssary 1o determine whether the present high productivity will continue under the
prevailing water regime or whether that productivity is an artifact of the recent restoration.
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INTRODUCTION

The southeast of the state of South Australia con-
tains some of its most valuable agricultural land. How-
ever, much of that land is low-lying and prone to flood-
ing and became suitable for agriculture only after ex-
tensive drainage systems were constructed. Since the
carly 1980s, some of the landholders in the upper
southeast have restored the wetlands on their prop-
erties with the goal of encouraging the return of wild-
life, particularly waterbirds. This study focuses on one
such area: the Watervalley Wetlands. The nature of
the Watervalley Wetlands is controlled by natural
landscape features and the use of the land since Eu-
ropean settlement in the 1840s.

The topography of the upper southeast of South Aus-
tralia is characterized by a series of low, relict beach
dunes, locally referred to as “ranges,” although most
are less than 35m above sea level. Broad swales three
to ten kilometres wide sgparate the ranges (Blackburn
1964). This senes of dune ranges and swales runs
roughly parallel to the present coastline and was formed
by the action of waves as sea levels rose and fell over
the last 400,000 years (Schwebel 1983). The Coorong
(Figure 1), a long, narrow, almost land-locked lagoon
separated from the sea by beach dunes is the current
expression of the formation of these features. There
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are no defined streams in these swales, but in the past,
they tended to flood annually during winter rains and
are often referred to as “watercourses.” The water was
shallow, spreading over much of the widih of the swales
and flow was slow. The overall topographic gradient
in the direction of flow (northwest) is 1:5000 (EWS
1991). Large areas of seasonal swamp and even some
small permanent lakes formed in the lowest areas of
the swales. Although evidence is sparse, in many years,
water made its way along the full length of swales and
drained into the southern lagoon of the Coorong at Salt
Creek (Figure 1) or, especially in the east, discharged
underground through sink-holes (Blackburn 1964).
Since settlement by Europeans, the low-lying land
has been progessively drained by the construction of
a 1467-km network of generally shallow drains (SEWC
1991) and the higher ground cleared of native vege-
tation. The soil in the swales is relatively fertile, but
that on the higher ground is sandy and of low fertility
(Blackburn 1964). This process of drainage and clear-
ing has had economic benefits but has led to enormous
loss of wildlife habitat over very large areas of the
southeast of South Australia. It is estimated that the
arca of permanent wetlands in the region is now 8%
of the original (Jones 1978). Seasonal and ephemeral
wetlands have also been reduced in area by an unstated
amount. Recently, the loss of native vegetation has



248

WETLANDS, Volume 15, No. 3, 1995

B

U

g

Eq

1

P et
um

m \

© Tintinara

Figure 1. The upper south east of South Australia showing the location of those of the Watervalley Wetlands described in

this paper.

been implicated in the increasing incidence of soil sal-
inization through rising ground water (EWS 1991).
The Watervalley Wetlands are a series of complexes
of wetlands covering a total of 5600ha—individual
wetlands range from 13ha to 1865ha—along the Mar-
collat and Bakers Range Watercourses (Figure 1). In
this paper the term *““wetlands™ is used in its local sense
as a general term covering any inland water body, nat-
ural or constructed, permananent, seasonal or ephem-
eral and includes lakes (Pajjmans et al. 1985). The
Watervalley Wetlands constitute one of the largest pro-
jects for the conservation of wetlands for wildlife un-
dertaken in Australia by private enterprise. Each of the
wetland complexes is made up of one or more seasonal
and/or permanent swamps, with or without associated
shallow (< 2 metres deep) lakes as defined by Paijmans
et al. (1985). Waters within the Watervalley Wetlands
vary from fresh to saline in both time and space.
The Marcollat and Bakers Range Watercourses were
originally fed by several ephemeral sireamns (Figure 1)
that carried water from western Victoria and the lower
southeast of South Australia in a generally northwest-
erly direction, flooding the lower-lying areas in all but
exceptionally dry years. These streams now discharge

into a series of constructed drains, some of which di-
vert water southwest to the sea and some of which flow
in the direction of the original water courses towards
the northwest. These constructed drains are the major
source of water for the Watervalley Wetlands. Local
precipitation events produce low runoff volumes be-
cause of the extremely sandy soil that covers most of
the region (Blackburn 1964}. Most of the region is used
for agriculture and grazing by sheep and cattle, al-
though 68km? are declared as reserves under the Na-
tional Parks and Wildlife Act (Jones 1978).

In 1992, we began a long-term project monitoring
water chemistry, invertebrates, and vegetation on six
of the Watervalley Wetlands. The purpose of the pro-
Jject is to develop guidelines for the management of the
Watervalley Wetlands to maintain and enhance their
value as wildlife habitat, especially for waterbirds. As
a first step, we set out to determine the chemical char-
acteristics of the water in some of the wetlands and to
monitor seasonal changes in water chemistry.

In this paper, we give a brief history of the wetlands
and identify the principal ions constituting the salinity
of the waters in the wetlands, changes in pH and sa-
linity, and the nutrient status of the waters at each
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study site. We offer explanations for the high levels of
nutrients frequently observed in the water and com-
ment on the observed variations in salinity and the
consequences of altered drainage patterns. The data
presented in this paper are preliminary results of the
monitoring program on the Watervalley Wetlands.

Prior work in the region focused on the more un-
disturbed water bodies in the region, particularly the
volcanic lakes further south (Bayly and Williams 1964,
1966), the shallow, saline coastal lakes to the southwest
(D¢ Deckker and Geddes 1980, Brock 1981), and the
freshwater lakes near the mouth of the Murray River
to the north (Geddes 1984). Some earlier studies in-
clude descriptions of some of the Watervalley Wet-
lands (Jones 1978, Atkins 1988), but these are based
on inadequate data, often collected during a single visit
to a site. Therefore, before plans for the long-term
management of these and similar wetlands in the re-
gion can be completed, further data are needed (NRCSA
1993). Where management plans are already written,
monitoring programs are needed (Harper and Weinert
£992, NRCSA 1993).

HISTORY OF THE WATERVALLEY WETLANDS

The land immediately surrounding the study area
was only sparsely settled before 1945 (EWS 1991), and
native vegetation, especially on the dunes, was sub-
stantially intact until then. Prior to this time, land-
holders further east held grazing leases over large tracts
of this land, and sheep were grazed on low lying areas
vegetated with native grasses and herbs that grew on
these wetter areas (Brinkworth pers. comm.), Large-
scale clearing of native vegetation did not take place
until the 1960s, and 6000ha of land surrounding Bon-
neys Camp (Figure 1) have never been cleared. How-
ever, from 1960 until 1983, when the South Australian
government effectively banned the clearing of native
vegetation, both the swales and many of the relict dunes
were cleared and pastures of introduced species were
established over most of the region (EWS 1991). Wa-
tervalley is one of the extensive pastoral properties that
were set up during this period of agricultural expan-
sion. Both sheep and cattle are grazed on Watervalley,
as is the case on most of the properties. Peak regional
stocking rates were reached in 1976 when the 617,000ha
of grazing land supported 3.25 million dry sheep equiv-
alents (DSE —a measure of grazing capacity e.g. a cow
and calf to weaning = 12 to 15 DSE); by 1990, stock
numbers were reduced to 2.71 million DSE as a result
not only of vagaries of the weather and market prices
but also of deteriorating pastures due to soil saliniza-
tion (EWS 1991).

Each of the Watervalley Wetlands was affected by
the regional drainage scheme that began in the 1860s,
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Figure 2. Schematic diagram of flow through the Water-
valley Wetlands from Jip Iip to Bonneys Camp.

with the greater impact occurring after the 1960s. In
1964, a major drain was constructed that was esti-
mated to reduce the flow of water to the study area by
50% (EWS 1991). Private local drainage works con-
tinued in the region through the 1980s, which contin-
ued to reduce the amount of water reaching the wet-
lands. In spite of this, all of the wetlands continued to
be subject to at least partial seasonal flooding in most
vears, and two deep waterholes at Jip Jip and the deeper
parts of Cortina Lakes and Bonneys Camp retained
small areas of permanent water.,

The Watervalley Wetlands were restored progres-
sively from 1984 to 1991 by constructing levees and
controlled inlet points that intercepted and directed
water into the wetlands through the system of con-
structed drains, This had the effect of turning some
pasture into seasonal swamps, some seasonal swamps
into semi-permanent swamps, and restoring perma-
nent swamps and lakes to an approximation of their
pre-drainage depths. Herbaceous vegetation in some
parts of the wetland basins was plowed before flooding
to provide a mosaic of open water and vegetated areas.
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Figure 3. Mandina Lakes. The sampling site is at the bottom left of the photograph and Mandina Marshes lie between the

hills in the middle distance and those on the far horizon.

The amount of water flowing into the wetlands can be
controlled, but it 1s not possible in all cases to drain
the basins; some can only be dried by stopping inflow
and allowing the remaining water to cvaporate. Sheep
and cattle are now excluded from most of the wetlands
and their margins.

All the wetlands arc linked by the constructed drains
that flow through pastoral land between Jip Jip in the
south and the interconnected Mandina-Cortina com-
plex and thence to Bonneys Camp in the north (Figure
2).

The wetlands were restored initially to provide in-
creascd opportunities for duck hunting, but that aim
was soon extended to conserve increased areas of hab-
itat for all wildlife associated with the wetlands. The
whole wetlands cnterprise is now vested in the Wet-
fands and Wildlife Trust, a non-profit oranization ded-
icated to the conservation of wildlife. The uncleared
native terrestrial vegetation at Bonneys Camp is also
conserved in perpetuity under a Heritage Agreement
with the State Government of South Australia.

STUDY SITES

Six of the Watervalley Wetlands are the focus of this
study. The sites were chosen in order to cover a range
of waters from fresh (Jip Jip) to saline (Mandina Lakc)
and to include examples from longer cstablished wet-
lands (Jip Jip) to thc most recently restored ones (Bon-
neys Camp). All figures for surface area when full, water
depth, and vegetation cover arc from Harper and Wei-
nert (1992) and dates of restoration are from T. K.
Brinkworth {pers. com.). Definitions of classes of sa-
linity arc those of Halse et al. (1963).

Site I: Mandina Lake (area 480ha; mean water depth
100cm; brackish to hypersaline; date of restoration
1989). This shallow lake is largely surrounded by cleared
grazing land (Figure 3). The sampling site supports
dense areas of Ruppia sp., but there is virtually no
emergent vegetation. At the sampling site, the bottom
is fine mud over sand, and during the study period,
the depth of water varied from 30 to 100 cm but began
drying back rapidly in the summer of 1993-94. In
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February 1994, the sample site was moved 20m further
towards the center of the lake in an attempt to remain
in the water. Although the water level in the lake varies
secasonally (maximum September to January; mini-
mum May to July), it does not dry completely. Sub-
stantial isolated hypersaline pools remain in the deeper
areas even in years of below mean rainfall. However,
because of the shallowness of the lake, smali changes
in depth produce large changes in the area under water.

Site 2: Mandina Marshes (area 1865ha; mean water
depth50 cm; fresh to saline; date of restoration 1989).
Mandina Marshes are bordered by grazing land to the
west and native vegetation to the east, but a belt of
native terrestrial vegetation is being allowed to regen-
erate along much of the western fringe. The marshes
include large areas dominated by the shrub Melaleuca
halmaturorum F. von Meuller and others with dense
stands of mixed Bgumea spp.. Harper and Wienert
(1992) state that the area of open water is 1% but
observations suggest this is an underestimate. The bot-
tom is similar to that of Mandina Lake. The sampling
site supported little aquatic vegetation and dried com-
pletely for part of the study period. In years of low
rainfall when there is no flow of water through the
constructed drains, the whole area drics out during the
summer. Water levels in this system can be manipu-
lated to some extent.

Site 3: Cortina Lakes (area 350ha; mean water depth
250cm; fresh to marginally saline; near-permanent
shallow lake with deeper permanent waterholes fringed
by swamps). Cortina Lakes are bordered in part by
grazing land but also by substantial patches of native
woodland. This water body is about 50% open water,
and the rest is dominated by emergent Baumea spp.
with submerged charophytes. There is a small patch
of Phragmites australis (Cav.) Trin. ex Steudel in this
system. The sampling sitec had 30% basal area cover
of two species of Baumea with submerged charophytes;
the bottom is sandy. Throughout the study period, the
sampling site retained water that varied in depth from
50 to > 100cm.

Site 4:  Jip Jip (area 56ha; mean water depth 100cm
but deliberately lowered to 80cm from 1992; fresh to
marginally brackish; date of restoration 1984). This
site is surrounded by 164 ha of native woodland and
contains small areas of both Melaleuca halmaturorum
and Eucalvptus camaldulensis Dehnnardt swamp.
Fmergent vegetation covers only 10% of the surface.
This wetland was drained to complele the work nec-
essary to lower the water depth in early 1992, and water
levels were not restored until September 1992, It was
drained again for maintenance in autumn of 1993 and
remained dry from June 1993 until the end of the study

period. The sampling site supported no emergent or
submergent vegetation, and the hottom is clayey sand.

Site 5 Bonneys Camp South Lagoon (area 620ha;
mean water depth 120cm; fresh to brackish; date of
restoration 1991). This site is separated from Bonneys
Camp North Lagoon by a narrow spit of land bisected
by a natural channel that connects the two lagoons
when water levels are high.

Site 6: Bonneys Camp North Lagoon (area 360ha;
mean water depth 80cm; fresh to brackish; date of
restoration 1991). The north and south lagoons to-
gether are surrounded by 6,112 ha of native woodland
and heath. About 70% of the south lagoon and 40%
of the north lagoon is open water. The rest is covered
with sedges. Both lagoons are on sand.

Climate

The region has a typical Mediterranean climate with
cool, wet winters and warm, dry summers. Precise rain-
fall data are not available; the two nearest rainfall sta-
tions are at Kingston {mecan annual rainfall 595mm}
and at Tintinara (mean annuat rainfall 472mm). The
Watervalley Wetlands lie between these two stations
(Figure 1). Evaporation exceeds rainfall in all months
except May to August (figures provided by Bureau of
Meteorology, Adelaide).

METHODS

We established permanent sampling points in the
six wetlands described above between April and July
1992, In December 1992, high water levels made ac-
cess to the site at Bonneys Camp North difficult, so
this sampling point was moved about 400 m south
until lower levels again allowed access in February
1993, At the other five sites, all samples were taken
from these fixed poinis. Water was sampled at four-
to six-weekly intervals between July 1992 and April
1994. Seven major ions that contribute to salinity (so-
dium, potassium, calcium, magnesium, chloride, sul-
phate, bicarbonate) and nitrate, nitrite, phosphate, dis-
solved oxygen, surface temperature, pH, and conduc-
tivity were measured. Water samples were collected
from 10 to 30cm below the water surface adjacent to
20-m transects established for invertebrate studies. The
water samples used to test for nitratc and nitrite were
collected in plastic bottles previously washed in hy-
drochloric acid and those for all other ions and nutri-
ents in bottles washed in nitric acid. Water 1o be an-
alyzed for dissolved oxygen was collected in a glass,
stoppered bottle with the bottle submerged for at least
two minutes.

Except for sodium, all analyses were conducted on
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Tabie 1. Summary of chemical and physical characteristics of the Watervalley Wetlands.

Conductivity Surface Turbidity Dissolved O, Alkalinity
mScm ! pH Temp °C FTU mgL-! mglL-!
Mean (SD) Mean (SD)  Mean (SD) Mean (SD) Mean (SD} Mean (SD)
Site (N) Range Range Range Range Range Range
Mandina Lake (17) 18.9 (14.9) 8.9 (0.4) 18 (5) 61(39) 8.2(2.3) 787 (431)
6.6—69.3 8.4-95 10-24 30-175 4.9-12.5 470-2130
Mandina Marsh (14) 7.4 (3.5) 8.4 (0.3) 16 (6) LM 8.3(2.3) 522(113)
2.4-16.8 8.0-8.9 7-25 20-51 5.8-12.0 296-762
Cortina Lake (18) 9.3(3.1) 8.5 (0.3} 18 (4) 9 (4) 8.6 2.0y 553 (135)
5.6-16.1 8.1-8.9 10-25 3-17 6.3-13.6 248-868
Jip Jip (7) 3.8(1.9 8.9(1.0) 19 (7) 18 (5) 9.2 (1.2) 25947
2.1-5.6 7.6-10.1 9-26 13-29 8.1-11.8 156-280
B’s Camp South (17) 6.1 (1.4) 8.6(0.4) 18 (6) 6(2) 9.3(1.8) 485 (53)
4293 7.8-9.1 10-27 1-9 6.8-13.9 424-596
B’s Camp North (18) 6.7 (1.6) 8.3(0.6) 19 (6) 14 (5) 7.1 (2.1} 583 (174)
4.3-11.2 6.5-8.9 9-27 3-20 4.4-10.1 188-910

site and completed less than two hours after collection
using a Hach DREL/2000 portable analysis kit. Ni-
trate, nitrite, phosphate, sulphate, potassium, and tur-
bidity were determined by spectrophotometry, and cal-
cium, magnesium, chloride, bicarbonate/alkilinity, and
dissolved oxygen were determined by titration. Tem-
perature was measured initially with a mercury ther-
mometer and later by TPS probe. Conductivity was
measured by a Hanna Instruments probe and pH by
either a TPS probe or an ICI probe—the two were
calibrated against cach other. Sodium was determined
from stored samples by flame photometry in the lab-
oratory using a Cormning Clinical Flame Photometer.

The choice of field analytical methods was a trade-
off between loss of accuracy during storage and trans-
port from the study area, which 1s remote from the
laboratory, and the (possibly) greater accuracy that
might be obtained by use of laboratory instruments
(Briggs et al. 1985, Tominaga et al. 1987).

RESULTS

All sampling sites except Jip Jip (which had been
drained) had been flooded at least since the date of
their restoration. Winter rainfall, which contributes
most to the flow of water through the drainage system,
had been above average since 1988. Over the 22 months
of the study, we experienced two extreme seasons.
Rainfall was about 120% of the annual mean in 1992
and about 75% in 1993. The total for the first three
months of 1994 was again below average with February
receiving less than 40% of the monthly mean and no
rain at all fell in March,

On 16 September 1992, water flowed from the drains
into Jip Jip, the southern-most of the wetlands, and
flowed through to the northern-most site at Bonneys

Camp (50km north north west) less than one month
later. Water ceased flowing along the drainage system
in late January or early February 1993. The water level
at all sites peaked in December 1992. No water entered
the wetlands from the drains after February 1993. Any
recharge to the wetlands after January 1993 was the
result of local rainfall. The structures controlling the
water level in Mandina Marshes were left open after
the flush of water went through in the summer of 1992-
93 to permit the marshes to dry out in January 1994
(this is a routine procedure necessary every three years
to maintain the health of Melaleuca haimaturorum).
Jip Jip was drained for maintenance of the outlet con-
trol in June 1993 and was dry for the remainder of the
study.

Table 1 summarizes the range of salinity {measured
indirecily as conductivity), pH, surface temperature,
turbidity, alkalinity, and dissolved oxygen at each of
the sampling sites.

The salinity of these alkaline waters ranged from
fresh through brackish to, in the case of Mandina Lake,
hypersaline. Salinity at all sites varicd seasonally, with
lowest levels experienced in spring and summer and
highest levels in autumn and winter (Figure 4). Tons
contributing to salinity were strongly dominated by
sodium and chloride, with the cations generally in the
order Na* >> Mg+ > Ca** > K* and anions Cl-
>> HCQ,~ > 80,2~. However, in the saline Mandina
Lake, K+ exceeded Ca+* and SO,2~ exceeded HCO,~
at most times except when salinity was reduced by
inputs of freshwater. In Mandina Marshes, Iip Jip, and
Bonneys Camp South, the three freshest of the wet-
lands, Ca** concentrations always exceeded K+, and
at Cortina Lake and Bonneys Camp North K~ ex-
ceeded Ca*+* only in the last months of the study. As
the water bodies dried back to varying degrees towards
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Figure 4. Changes in salinity measured as conductivity from July 1992 to April 1994, Note different scale on y axis for

Mandina Lakes.

the end of the summer of 1993-94, SO,2- concentra-
tions exceeded HCOQ,~ at all sites except for Bonneys
Camp North.

The variation in the proportion of monovalent to
divalent cations (M:D) was greatest in Cortina Lake,
with a range of 2 to 6. The range within all other
wetlands was similar, and there was no apparent dif-
ference between the more saline wetlands and the

fresher ones.
All of the sites had relatively high, but variable, Iev-

els of nutrients (Table 2). There was no apparent sea-
sonal trend in the variation of nutrients. None of the
wetlands was recorded as being in oxygen deficit at any
time.

DISCUSSION

This paper was intended to set the scene for further
papers that will arise out of the long-term monitoring
program commenced in 1992. In it, we have placed
those restored wetlands in historical and social context
and have described the chemical characteristics of the
water —a necessary first step towards management. We
do not yet have sufficient data on which to base defin-
itive plans for management, but cven these preliminary
results allow us to make some recommendations. These
will be discussed below.

It should be noted that because each of the water
bodies is so large, it would be unwise to consider that
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Table 2. Summary of nutrient levels.

Nitrate mgL-! Nitrite mgL—! Phosphate mgL !

Mean (SD) Mean (SD) Mean (SD)

Site (N} Range (N) Range (N} Range

Mandina Lake 1.0(0.9) 0.033 (0.025) 0.14(0.28)
(17) 0-3.7 (13) 0-0.063 (17) D094

Mandina Marsh 0.2(0.1) 0.077 (0.113) 0.05 (0.04)
(14) 0-0.6 (7) 0.015-0.330 (14)  0-0.15

Cortina Lake 0.8(0.3) 0.028 (0.023) 0.09 (0.18)
(18)0.2-1.4 (13) 0-0.082 (18)0.01-0.78

Jip Jip 1.4{2.0) 0.004 (0.006) 0.08 (0.10}
(730.1-5.3 (6) 0.001-0.016 (7y 0-0.25

B’s Camp Sth 0.8(0.3) 0.019 (0.016) 0.07 (0.06)
(17n0.2-14 (16) 0.001-0.059 (16) 0-0.24

B’s Camp Nth D.9(0.3) 0.030 (0.020) 0.19 (0.03)
(18)0.2-1.4 (13) 0.001-0.079 (18) 0.01-0.88

the sampling sites are necessarily representative of the
whole. For example, because the sampling sites are
near the shore, the levels of nutrients are likely to be
higher than would be measured further out. Likewise,
conductivity is probably higher than would have been
the case had the sampling sites been closer to parts of
the wetlands where flow is greater. We are nonetheless
confident that the observed results do give a reasonable
picture of the order of changes that would have oc-
curred in each of the water bodies as a whole.
Generally speaking, the waters of the Watervalley
Wetlands are typical of those found in dryer inland
regions of Australia. All sites, except Jip Jip, had a
wide range of salinities, wider than those given by
Harper and Weinert (1992) for the same wetlands.
Mandina Lake showed by far the greatest vanation. In
that lake, conductivity increased by an order of mag-
nitude in Afteen months. Increases of this order are
not unusual in Australian inland waters, and many
organisms are adapted to extremes greater than those
found within the Watervalley Wetlands (Brock 1985,
Williams 1985, Timms 1987, 1993). However, as
Mandina Lake continued to dry back during the au-
tumn of 1994, conductivity rose to 116.0mS/cm in a
large, isolated pool less than 50m from the sampling
site. When the lake next fills, it is possible that the
water retained in such remaining hypersaline pools will
not mix with the incoming fresh water, although this
is unlikely in such a shallow body of water that fre-
quently experiences strong winds. However, if mixing
does not occur, each time the lake dries back, these
pools will become increasingly hypersaline at the bot-
tom and maintain areas in the lake where the growth
of rooted macrophytes will be impossible. The high
levels of salinity in Mandina Lake in comparison with
the other Watervalley Wetlands result from its limited
outflow coupled with the very high rate of evaporation

from such a large body of very shallow water devoid
of emergent vegetation. Without careful management,
this waterbody could become permanently hypersaline
and lose its value as wildlife habitat. Continued mon-
itoring of this site is crucial.

Before Mandina Marsh dried, salinity rose to levels
one and a half times those previously recorded. The
vegetation on this wetland is such that drying is nec-
essary once every three years to maintain the health
of the melaleucas, which provide valuable breeding
habitat for colonial nesting waterbirds (Harper and
Weinert 1992). As mentioned earlier, this wetland
presently can only be dried by evaporation. The fea-
sibility of providing a means of draining this wetland
more quickly should be investigated. If this is not done,
the base level of salinity is likely to rise each time it
is dried out.

The 1onic dominance of the wetlands is typical of
Australian inland waters {Williams and Buckney 1976,
Geddes et al. 1981, De Decker 1983, Hart and
McKelvie 1986}, and the excess of bicarbonate over
sulphate agrees with Williams’ (1981) generalizations
for waters of the range of salinity found at Watervalley.
The degree of dominance by sodium and chloride re-
flects both the proximity to the coast (less than 60 km)
and the marine origin of the soils on which the wetlands
lie. The perhaps unexpected pattern of lower salinity
in summer (Figure 4) in this area of predominantly
winter rainfall is related to the dependence of the wet-
lands more on water coming through the drainage sys-
tem than on winter rainfall. However, this pattern of
low salinity in the spring and summer might be skewed
because the winter rains began later than usual in both
vears of the study. Even in the wet year of 1992, rainfall
in May, June, and July was below average. In years of
rainfall closer to mean conditions, the period of lowest
salinity might occur earlier. Only continuing monitor-
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ing over many years will determine this. However, the
study does show that, even with no fresh water entering
the wetlands from the drains, local rainfall alone is
sufficient to depress the salinity of the water from the
autumn and winter highs in all of the wetlands. How-
ever, 1t is reasonable to assume that if fresher water
does not flow through the system in most years, the
wetlands will gradually become more saline. Indeed,
past interference to the natural patterns of flow by
draining may be contributing as much to the problem
of increasing soil-salinity in the region as the oft-cited
rise in ground water resulting from the clearance of
native vegetation.

Williams (1981) suggests that with increasing salin-
ity, the proportion of monovalent to divalent cations
also increases. This was not noticed on these wetlands,
with the proportions being similar throughout (M:D
= 210 6), and the range of the proportions experienced
in one wetland, Cortina, which is intermediate in sa-
linity, was greater than the range between all the other
wetlands. Ratios of monovalent to divalent cations of
1 to 14 support the growth of algae (Reynolds 1984).

The pH of the wetlands was alkaline throughout ex-
cept one reading of 6.5 at Bonneys Camp North. In all
cases, the lowest measurements of pH were recorded
early in the study. This was most likely due to the
influence of the incoming water carrying dissolved hu-
mic substances from vegetation that had decayed in
the beds of the drains over summer. Soils in the region
are generally alkaline (Blackburn 1964), being derived
largely from marine sediments, particularly in the im-
mediate region of the wetlands. This accounts for the
pH readings generally being in the range of 8 to 9,
similar to those reported by Williams (1981), Tom-
inaga ct al. (1987), and Timms (1987, 1993) for saline
lakes in other inland areas of Australia. The pH in Jip
Jip and to a lesser extent Mandina Lake reached very
high levels as they dried back in the autumn of 1993,
The cxtreme readings at both sites were made late in
the afternoon on clear days. This is consistent with
Timms’ {1993) findings of daily fluctuations in pH in
saline lakes in inland New South Wales,

All of the wetlands had relatively high levels of nu-
trients, well in excess of levels measured by Tominiga
et al. (1987) in much more saline lakes on Yorke Pen-
insula, South Australia, but comparable with those
found by Briggs et al. (1985) in wetlands in south-
western New South Wales and by Timms (1987) in
Queensland. It is the practice of farmers and pastor-
alists in the region to apply phosphate fertilizers to the
soils cach year, usually in the autumn. Fertilizer on
Watervalley is spread by a broadcaster on the ground,
rather than from a light aircraft, but it is inevitable
that this will have some effect on those wetlands ad-
jacent to pastures. Nutrients levels at Jip Jip were ini-

tially very high. The first analyses were conducted
within days of the swamp filling after a dry period and
so releasing nutrients. Also, the water that flooded Jip
Jip came from shallow drains that also had been dry.
After these drains empty in summer, they provide one
of the few sources of green feed for stock and so are
heavily grazed. They must have carried very high nu-
trient loads. The level of nutrients quickly fell, indi-
cating that when Jip Jip returns to its usual state of
near permanent water, its nutrient levels are likely to
be much lower.

The high levels of nutrients at other sites can be
attributed to the activity of stock (Mandina Lake) or
to the breakdown of recently flooded vegetation (Bon-
neys Camp). The depth of the Bonneys Camp lagoons
means that they will become valuable refuges for wa-
terbirds as some of the smaller and shallower wetlands
dry out in drought years, and so it is desirable that
they remain productive.

The high levels of sulphate present in all of these
wetlands might ensure that phosphate in the systems
remains available for growth of algae and plants rather
than being locked up in the sediments {Caraco et al.
1989). This could lead to problems of cyanobacterial
blooms (not yet observed on these wetlands but ex-
perienced in others [Harper and Weinert 1992]) as-
sociated with low N:P ratios, which are likely anyway
from the source of the water (Downing and McCauley
1992). Although native terrestrial vegetation is being
encouraged to regenerate around the perimeter of those
wetlands where this is not already the case, this is likely
to have little effect on the nutrient status of the more
southerly wetlands where the influence of the input of
nutrients from the drainage system is greatest. It might
be advantageous to plant reed beds at the entry point
to all of the wetlands il problems due to excessively
high levels of nutrients become apparent.

The objective of the restoration of the Watervalley
Wetlands was to provide habitat for wildlife; therefore,
highly productive wetlands are desirable. Nonetheless,
cyanobacterial blooms due to excessive levels of nu-
trients are undesirable in any system, and the nutrient
status of the wetlands will continue to be monitored
closely to ascertain whether their current nutrient sta-
tus, and hence productivity, continues or is simply an
artifact of their recent restoration.

IMPLICATIONS FOR FURTHER
RESTORATION OF WETLANDS

The deterioration of pastures in the upper southeast
of South Australia due to increasing soil salinization
was alluded to earlier in this paper. There has been a
series of investigations into methods for alleviating the
problem (NRCSA 1994). Many of the areas threatened
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by salinization are in the broad swales, which, before
the constructed drains altered the natural hydrology,
were subject to flooding with shallow water in most
vears during the winter rains. One solution to salini-
zation includes plans to restore more of the former
wetlands south of the Watervalley Wetlands as well as
others in the watercourses that run parallel to the Bak-
ers Range and Marcollat Watercourses, The success of
the restoration of the Watervalley Wetlands indicates
that such restored wetlands can rapidly provide highly
productive areas for wildlife.

At present, there is not sufficient flow, even in the
wettest years, for the water to reach its natural, pre-
drainage, outlets. The engineering structures, that could
increase the flow should the decision be made to do
so, are in place. Both the Bakers Range and Marcollat
Watercourses terminate in wetlands to the northwest
of the Watervalley Wetlands. These will become in-
creasingly hypersaline unless an outlet is provided. The
observed fluctuations in salinity in Mandina Lake in-
dicate that although flushing with fresher water can
quickly depress salinity, without such flushing any re-
stored waterbodies, especially those in areas already
suffering salinization, are likely to reach a state of per-
manent hypersalinity in quite a short time. Guidelines
for the management of these svstems are yet to be
finalized, but indications so far are that flows of water
through the system as often as possible will be a crucial
factor. Careful monitoring of the whole system is re-
quired to determine whether salinity will increase to
undesirable levels at some time in the future.

The range of salinity currently experienced in the
Watervalley Wetlands is conducive to high productiv-
ity and diversity of habitat. Within three years of res-
toration, the melaleuca swamps of Mandina Marshes
supported over 2000 nests of egrets, ibis, spoonbills,
and cormorants (Harper pers. comm.) and all the wet-
lands support a large and diverse community of wa-
terbirds and other wildlife (Harper and Weinert 1992,
our unpublished data). There are many areas in the
region that are similar to the Watervallcy Wetlands
before they were restored. If those areas were similarly
restored, they should provide equally diverse and pro-
ductive wetlands and begin to redress the past destruc-
tion of wildlife habitat particularly during the last 30
to 40 years. The provision of additional wetland hab-
itat is an important consideration in a state that is often
quoted as being ‘“‘the driest state in the driest conti-
nent.” Also, wetlands in this area arc of national im-
portance in terms of the conservation of waterbirds
{Harper and Weinert 1992). The wetlands of the ranges
and adjacent coastal plains of the whole of southeastern
Australia provide essential drought refuge for nomadic
species of waterbirds that are largely dependent on the
ephemeral wetland systems of inland Australia for

breeding (White 1987). Wetlands in all these refuge
regions have been severely depleted by urban and ag-
ricultural development and flood mitigation schemes.
This part of South Australia does not have the pressure
of human population that the wetland areas nearer the
east coast have, so the opportunities for restoring large
areas of wetland are greater. Land that might never
again be productive in agricultural or other more con-
ventional economic terms could become highly pro-
ductive and valuable wildlife habitat.
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