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Abstract: Wetland degradation in the Upper South East of South Australia is an 

urgent management concern. Scant recent environmental data is available for the 

region and long term monitoring data is lacking. Usually a palaeoecological 

analysis is able to reveal environmental change in the medium to long term past. 

However, the region is not conducive to palaeoecological investigation due to a 

fluctuating upper groundwater aquifer and alkaline soils which have destroyed 

most microfossils. It was found that the diatom assemblage was preserved in the 

wetlands of the region for the period of European settlement. Analysis of the 

diatom assemblage enabled production of an inferred salinity curve. In 

combination with a small amount of historical information that was available, the 

salinity trend for the wetlands, for the period of European agricultural activities, 

was identified. It was found that while groundwater salinity has been increasing, 

the wetland areas have experienced a freshening of surface water. This is due to an 

increase of through flow of surface water, a result of constructed drainage systems 

flushing salts from the wetlands. Despite the freshening of wetlands they continue 

to degrade due to the changed hydrology, an impact of the drainage structures.  
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Introduction 

Many regions of Australia are currently experiencing environmental degradation 

and have little or no records of the pre European environment. In addition, records 

of environmental change can be short term and of poor spatial quality. In these 

instances, a fine resolution palaeoecological record can often provide information 

on recent environmental change as an alternative source to historical records 

(Hunter et al., 1988; D'Costa et al., 1989; Birks, 1993; Birks, 1996). However, this 

is not feasible at all sites, usually due to poor preservation of microfossils or low 

resolution biostratigraphy, which may be a result of alkalinity, erosion, disturbance 

or sedimentation rates. In such instances, where both historical and 

palaeoecological information is incomplete but there is an urgent need for 

knowledge of an areas environmental history, alternative sources of information 

must be sought to provide the most comprehensive environmental history 

available.  

The above describes the current situation in the Upper South East of South 

Australia (Figure 1). The Upper South East has experienced extensive dryland 

salinization as a result of European agricultural activities, presumably due to large 

scale vegetation clearance (Young, 1976; Nance and Speight, 1986; Barnett, 1989; 

Environmental Impact Assessments Branch, 1995). The South Australian 

Government is under considerable pressure to install regional management 

strategies in an attempt to curb further salinization. However, pre European impact 

conditions are unknown, as is the extent of European impacts. To set effective 

rehabilitation goals within regional management strategies it is important to 

determine the “natural” state of the Upper South East environment and the causes, 



directions and extent of its deterioration (Doe, 1983; Wasson and Clark, 1985; 

Clark, 1990; Dovers and Dargavel, 1991; Creagh, 1993; Crosby, 1995; Powell, 

1996). 

An attempt to construct the environmental history of the Upper South East through 

a fine resolution palaeoecological analysis was made. However, the soils of this 

region are alkaline (typical pH 10) and have a shallow but fluctuating groundwater 

table. Most microfossils have been destroyed or extensively deteriorated. It was 

found that the diatom assemblage was the only available option to investigate the 

environmental history of the wetlands in the Upper South East. 

Diatoms are increasingly being utilized as indicators of environmental change 

because they are abundant in all aquatic environments and are highly sensitive to 

water quality changes (Gasse et al., 1987; Battarbee, 1988; Round, 1991; 

Battarbee et al., 1997; Kelly et al., 1998). In particular diatoms are becoming 

increasingly used to reconstruct past changes in salinity (Hecky and Kilham, 1973; 

Fritz et al., 1991; Gasse et al., 1997; Gell, 1997). Diatoms have well defined 

ecological optima and tolerances enabling reconstruction of water quality changes 

over long periods of time (Battarbee, 1986; Birks, 1994; Moser et al., 1996). They 

are well preserved within palaeoecological sites, where other evidence is most 

likely to be degraded, because their external structure is composed of silica which 

is very resistant to degradation in alkaline conditions, especially where wetting and 

drying of the soil column occurs (Round, 1964; Moser et al., 1996).  

A secondary advantage of the use of diatoms, is that changes in diatom inferred 

salinity from stratigraphic records can be readily compared with historical 



documents to determine the extent to which salinity change is related to climate or 

human activities (Fritz et al., 1991; Gasse et al., 1997). In this study the historical 

records of the Upper South East were also investigated in an attempt to relate any 

detected salinity change to natural or anthropogenic causes. 

This study identified the impact of dryland salinity upon the wetlands of the Upper 

South East of South Australia through analysis of the wetland diatom assemblage. 

This task was made feasible by the existing salinity calibration set for south 

eastern Australia constructed by Gell (1995). In addition, the historical record was 

investigated and was compared to the diatom inferred salinity trends.  

The study area and background information 

The Upper South East is the area of South Australia south of the River Murray 

mouth and north of the Padthaway Ridge (Figure 1). The region has a unique 

environment primarily due to a combination of topography, climate and 

groundwater resources. The topography is composed of a series of sand ridges 

running parallel to the modern coastline. These ridges are stranded coastal dune 

systems formed during sea level fluctuations of the Pleistocene period. 

Topographic uplift of the region throughout the Quaternary has resulted in the 

preservation of the dune remnants. The ridges are no higher than forty meters and 

are situated upon a plain with an east to west gradient. In addition, there is a 

secondary topographic fall to the north west of generally less than 1:5000 (Bakers 

Range/Marcollat Watercourses Working Group, 1991). The innermost and oldest 

ridge has been dated at 700 000 years old (Cook et al., 1977). The ridges become 

progressively younger westward towards the modern coastline. They are 



approximately ten kilometers apart and continue west of the present coastline. 

Between the ridges are extensive swampy plains within the interdune corridors. 

These corridors were originally estuarine but have developed into ephemeral 

lacustrine swamps. They are infilled with estuarine to lacustrine marls and clays 

which formed during and following the transition from marine to lacustrine 

wetlands (Schwebel, 1984). 

 

The climate of the Upper South East is a Mediterranean one, with dry summers 

and wet winters. The rainfall varies latitudinally with higher rainfalls recorded in 

the south, and is moderately high with an average of 500 to 550 mm per year. 

Rainfall exceeds evaporation during the winter and spring months, resulting in 

surplus surface water supplies for that period (Jensen, 1983). The groundwater 

resources of the Upper South East of South Australia are essentially contained 



within two major aquifer systems: an upper, unconfined surface aquifer, and a 

deeper confined aquifer (MacKenzie and Stadter, 1992). The deep aquifer is 

recharged in western Victoria and regional groundwater movement is in a west 

north westerly direction (Bakers Range/Marcollat Watercourses Working Group, 

1991). The unconfined, surface aquifer is locally recharged from rainfall. Depth to 

the water table varies considerably throughout the region, groundwater being 

shallowest in the interdune areas.  

Surface water drainage has been unable to develop along the east to west gradient 

because the dune systems hamper the path of water flow towards the sea. Surface 

water is instead diverted to the north west along the interdune corridors, forming 

several large linear wetlands (Upper South East Dryland Salinity and Flood 

Management Plan Steering Committee, 1993). The wetlands extend over one 

hundred kilometers in length and are composed of a chain of swamps which 

become connected in periods of flood as surface water moves north north west 

(Figure 1). The wetlands terminate in swamps in the north of the study area. 

Vegetation clearance in the Upper South East did not begin until the late 1940s. 

Prior to this the region was used only for pastoral squatting. However, 

development of the region to the south was well progressed and influenced the 

hydrology of the Upper South East through drainage strategies (Taffs, submitted). 

Vegetation clearance, grazing and cropping has altered the natural environment: 

eighty eight per cent of native vegetation has been cleared (Upper South East 

Dryland Salinity and Flood Management Plan Steering Committee, 1993) and 

many drainage lines have been constructed (Taffs, submitted). The removal of 

native vegetation is believed to have caused a rise of the groundwater table and 



hence the development of dryland salinization (Assessments Section, 1980; 

Barnett, 1989; MacKenzie and Stadter, 1992; Upper South East Dryland Salinity 

and Flood Management Plan Steering Committee, 1993). 

A realization of the link between vegetation clearance and dryland salinization by 

land owners culminated after 1981 when a large flood inundated the region and 

left problems of flooding and dryland salinization for several years afterwards. 

Local landowners then requested that an environmental impact assessment be 

conducted by the State Government to develop regional management strategies. 

Even at the completion of the environmental impact assessment conclusive 

evidence as to the extent, development and increase of dryland salinization was not 

evident (Environmental Impact Assessments Branch, 1995). This paper aims to 

illustrate how the use of diatoms can contribute to determining the degree of 

environmental change that has occurred within the period of European impact 

upon wetlands in the Upper South East of South Australia. 

Methods of sampling and analysis 

In June 1995 three cores from key wetland areas of the Upper South East were 

extracted (Figure 1). A core 70 cm deep was extracted from Jaffray Swamp which 

was selected as representative of the eastern portion of the study area (within 

Marcollat watercourse). The Jaffray Swamp depositional environment may be 

responding to changes occurring in western Victoria as Jaffray Swamp is fed by 

Morambro Creek which originates on the Victorian side of the state border (Figure 

1). A core 80 cm deep was extracted from Bonney’s Camp Lagoon which was 

selected as representative of a wetland in the main portion of the Bakers Range 



watercourse, and hence receives through flow of surface water from the south. 

Lastly, a core from Reedy Lake which was 60 cm deep was extracted. Reedy Lake 

is a ground water fed lake and is perched on the edge of the Bakers Range 

watercourse and should reflect regional changes of groundwater quality. Sediment 

from the cores was described using Gunn et al. (1988). 

Contiguous 1cm
3
 sediment samples were taken from each core. Diatom extraction 

was conducted following the method of Gell (1995). The diatoms were identified 

from information and photographic plates in Krammer and Lange-Bertalot (1986, 

1988, 1991a and 1991b) and Foged (1978). Canonical Correspondence Analysis 

(CCA) was used to ordinate the samples, using the calibration set of Gell (1995) to 

determine the diatom inferred salinity of the sample. All ordinations were 

performed using the computer program CANOCO (version 3.12) for diatom 

species which attained a relative abundance > 2 %.  

In addition, chemical analysis of the samples was conducted to determine the 

organic and calcium carbonate content of each sample of each core. The procedure 

of Bengtsson and Enell (1986) was followed for duplicate samples using three 

milliliters of fresh sample. Sediments were dated using Lead-210 dating and 

Accelerated Mass Spectrometry (AMS) Carbon 14 techniques. Lead dating was 

conducted by the Department of Chemistry, University of Melbourne according to 

the method outlined by Smith and Hamilton (1985). AMS pre processing was 

conducted by the Quaternary Dating Center at the Australian National University 

and then dated at the Australian Institute of Nuclear Science and Engineering 

(Grants No. 94/171, 95/064). In addition Pinus radiata pollen was extracted from 



sediment samples using the method of Ogden (1996) as an indicator of the time of 

European settlement. 

In addition to the palaeoecological analysis, historical records of the salinity 

changes in the Upper South East were collated. The only sources of information 

were agricultural land capability assessments made prior to World War Two 

(Taylor, 1933; Melville and Martin, 1936; compiled by Foale and Smith, 1991) 

and a salinity map constructed from recent aerial photograph interpretation (Upper 

South East Dryland Salinity and Flood Management Plan Steering Committee, 

1993). More recently groundwater water quality from discrete locations across the 

Upper South East (South Australian Department of Primary Industries and 

Resources) have been monitored and selected well results are illustrated (Figure 5). 

Stratigraphy and diatoms 

Jaffray Swamp 

The Jaffray Swamp core was composed of a clay substrate with varying amounts 

of sand (Figure 2). The organic content illustrates minor fluctuations at depth in 

the core, a peak at 15 cm and an increase of organic material peaking at the surface 

of the core. These fluctuations may indicate a change in the water depth, changes 

in aquatic vegetation, or an influx of organic material which has influenced the 

productivity of the lake. The carbonate content of this core was low throughout, 

gradually decreasing towards the surface of the core. An AMS date of 1230 ± 110 

BP (OZC256) was obtained at 40 cm. At a depth of 5 cm an AMS date of 

“modern” (ANSTO sample no. OZC255) and a Lead-210 date indicated an age of 

100 years. The pine pollen rapidly diminishes at a depth of 15 cm indicating that 



this portion of the sediment core may have been deposited within the period of 

European influence (Figure 2).    

The core from Jaffray Swamp (Figure 2) gave the best preservation of diatoms of 

all the wetlands. The diatom record was well preserved to a depth of 42 cm, below 

which dissolution began occurring and the diatom count was no longer considered 

accurate (Barker et al., 1994). A total number of 31 diatom taxa were found in the 

Jaffray Swamp core, 26 of which occurred at abundances of greater than 2 %. The 

dominant species were benthic. At the base of the core (30–42 cm) the diatom 

assemblage was dominated by Diploneis elliptica, Epithemia adnata and Navicula 

lanceolata. Cocconeis placentula  dominated the 7-30 cm section of the core. In 

the upper levels of the core (0-7cm) the diatom assemblage was dominated by 

Cocconeis placentula, Cyclotella meneghiniana and Navicula cincta form minuta.  

Other species were present at very low levels throughout the core.  

The salinity history was inferred using Gell’s (1995) calibration set. The inferred 

salinity curve indicated fresh water (< 3 ppt) conditions existed below 25 cm, with 

a peak in salinity occurring at 32 cm demonstrated by the increase in the Epithemia 

adnata population. A change from fresh water conditions to brackish   



  



 (> 15 ppt) occurred above 25 cm depth and returned to fresh water conditions at 

10 cm and above. The period of European occupation appears to correspond with 

the change from brackish to fresh lake water, indicating that European activities in 

this wetland have not produced a significant increase in surface water salinity. 

Neither the organic nor the carbonate content fluctuations correlate with the period 

of European occupation suggesting fluctuations of these factors are a result of 

natural climatic change.  

Bonney’s Camp Lagoon 

The Bonney’s Camp core (Figure 3) was composed of light clay from the base of 

the core (80 cm) to 59 cm. The central section (22 to 57 cm) was composed of 

sand, presumed to be aeolian deposited dune sand material. Between 8 and 23 cm 

was composed of loamy sand, which changed to clayey sand at the surface of the 

core. The change in stratigraphy from clay substrate to sand substrate and back to 

clay substrate suggests that this lake has experienced two wet, ephemeral periods 

(zones one and three) and one dry, aeolian influenced period (zone 2). Similarly, 

the organic and carbonate content of the sediments peak in zones one and three and 

are very low in zone two, also suggesting climatic changes. Dates indicate that the 

surface layer of clayey sand at Bonney’s Camp wetland may have been deposited 

within the period of European influence. AMS dates of 390 ± 90 BP at 15 cm 

(OZC471), 200 ± 115 BP at 6 cm (OZC253) and “modern” at 1 cm (OZC254) were 

supplemented by a Lead-210 date of 100 years at 2 cm. A reduction of pinus 

pollen at 8 cm all indicated the surface sediment horizon has been deposited in the 

period of European influence (Figure 3). 



 



Diatoms were well preserved in the surface samples of Bonney’s Camp Lagoon 

(Figure 3) but not very well below a depth of 8 cm, thus providing a salinity record 

of the surface samples only. A total number of 40 diatom taxa were found in the 

Bonney’s Camp core, 16 of which occurred at abundances > 2%. The dominant 

species were benthic. At the base of the diatom record (6 to 8 cm) the diatom 

assemblage was dominated by Cocconeis placentula, Nitzschia linearis, and 

Rhopalodia brebissoni. Denticula tenuis, Mastogloia smithi and Navicula tuscula 

dominated the central section of the diatom record (3 to 6 cm), and the diatom 

assemblage in the surface sample (0 to 3 cm) was dominated by Amphora veneta 

and Navicula bulnheimii.  

The inferred salinity curve constructed from the diatom assemblage shows a 

general decrease of salinity towards the surface of the core, except for a dramatic 

increase in the surface sample. All dating techniques indicated that the entire 

diatom record was contained within the past 250 years. The surface increase in 

salinity may be due to the contemporary lake conditions at the time of sampling, as 

the water level in the lake was shallow after a dry year when the lake would be 

more saline than normal. If the surface layer is omitted, the diatoms in the lake 

indicate a trend of decreasing salinity during the period of European settlement. 

The record from Bonney’s Camp Lagoon appears to reflect both climate change 

and human impacts. The chemical and stratigraphic changes in zone two and three 

are likely to be climate induced. The surface samples, correlating with the period 

of European activities, indicate that salinity has been reduced over time at this 

location during the probable period of post European occupation. 



Reedy Lake 

The Reedy Lake core (Figure 4) was composed of sandy loam interspersed with 

one layer of sandy clay loam (7 to 14 cm). The lack of variation in the stratigraphy 

suggests that the sediments may have all been deposited in an environment very 

similar to that of the present. Despite the homogeneity of the substrate there are 

several fluctuations in the carbonate levels. Peaks occurred at 60 cm, 22 cm and 

5cm. The organic content increased towards the surface of the sediment core. In 

Reedy Lake a Lead-210 date of 100 years was obtained at 4 cm, the same depth at 

which Pinus pollen reduced indicating that the period of European settlement is 

contained within the upper few centimeters of sediment (Figure 4).  

Diatom preservation was adequate for analysis of only the top seven centimeters of 

Reedy Lake (Figure 4). A total number of 31 diatom taxa were found in the Reedy 

Lake core, 13 of which occurred at abundances of > 2%. The dominant species 

were benthic. The diatom assemblage in the 5-7cm section was dominated by 

Amphora veneta, Denticula tenuis and Diploneis smithi. The central section of the 

diatom core (3 to 5 cm) was dominated by Achnanthes coarctata, Hantzschia 

amphioxys and Navicula cincta forma minuta. The diatom assemblage of the 

surface of the core was dominated by Mastogloia smithi and Navicula tuscula.   

The inferred salinity curve constructed from the diatom assemblage indicated 

increasing salinity levels, which reached a peak at the surface of the lake sediments 

(the present). The increase in salinity correlates with the period of European 

occupation as determined by the dating results.  



 



Historical Records 

Table 1 illustrates the change in soil salinity of selected wetlands (Figure 1) as 

determined by comparing the land capability assessment maps compiled by Foale 

and Smith (1991) with the Upper South East Dryland Salinity and Flood 

Management Plan Steering Committee’s (1993) salinity map (constructed from 

aerial photograph interpretation). Results indicate that the Salt Creek and Alf’s 

Flat wetlands experienced an increase in soil salinity, whereas Gum Lagoon, 

Lesron, and Mount Charles wetlands experienced no change in salinity 

classification. Salt Creek and Alf’s Flat were classed as “open water” on the 

Melville and Martin (1936, cited in Foale and Smith, 1991) classification, and the 

method of assigning a salinity classification to open water was not defined. All 

wetlands in Table 1 are terminal wetlands where excess surface water accumulates 

until it infiltrates to the groundwater or evaporates. Hence, it is highly likely that 

the soil salinity would be increasing in these areas. Lesron and Mount Charles 

wetlands were classed as saline prior to European interference with the natural 

environment and were therefore never suitable for agricultural purposes. The 

comparison of the soil salinity maps (Table 1) has many problems as they have 

been mapped from different sources, one from field mapping and the other using 

aerial photography. However, this source of information demonstrates how limited 

information on pre and past European salinity levels for the region are. 

Groundwater salinity records obtained from the South Australian Department of 

Primary Industries and Resources suggest that only in some areas has there been 

an increase in salinity (Figure 5). The bore near to Alf’s Flat (Figure 5a) and 

Jaffray Swamp (Figure 5d) illustrate seasonal fluctuations in groundwater salinity 



but also an overall trend of an increase of salinity with time. The bore near 

Bonney’s Camp (Figure 5b) and Gum Lagoon Conservation Park (Figure 5c) in 

contrast, show an overall decrease in salinity. There are definite seasonal trends in 

the pleizometer records but longer term monitoring is required to provide any 

definitive evidence of long term trends. Records of greater periods of time are not 

available in this region. 

Table 1 Change in the soil salinity classification of selected wetlands  

#  
Compilation from Taylor (1933) and Melville and Martin (1936) land capability assessments. 

* Soil Salinity classification from infra red aerial photography, produced by the Upper South East 

Dryland Salinity and Flood Management Plan Steering Committee (1993). 

 

 

The historical sources of information on the salinity trends in the Upper South East 

are not conclusive. Nor do they support the widespread belief that an increase of 

wetland salinity has occurred in the Upper South East, concurring with the diatom 

inferred salinity curves.  

 

Terminal Wetland 1936 Salinity  
Classification 
(Foale and Smith,  

1991)
#
 

1993 Salinity 
 Classification 
(USEDSFMPSC,  
1993)* 

Change in 
Salinity  
Classification 

Salt Creek 
(Tilley Swamp watercourse) 

Not Saline Moderately saline Increase 

Alf’s Flat 
(Bakers Range watercourse) 

Not Saline Moderately 
Saline 

Increase 

Gum Lagoon 
(Marcollat watercourse) 

Moderately 
Saline 

Moderately 
Saline 

No Increase 

Lesron CP 
(Duck Island watercourse) 

Highly Saline Highly Saline No Increase 

Mount Charles 
(Mount Charles watercourse) 

Highly Saline Highly Saline No Increase 



 

Discussion 

Diatoms were the only microfossil preserved in the alkaline soils of the Upper 

South East and while they were unable to provide environmental trends over long 

periods of time, they were the only available indicator that could be utilized to 

reveal environmental change in the medium term past. The stratigraphy and 

chemical analysis results of the selected Upper South East wetland cores indicate 

long term hydrological fluctuations. However, the diatom record was not 

sufficiently preserved at depth to provide detail of the identified long term 

environmental change. The diatom inferred salinity reconstruction was able to 

provide an indication of the salinization trend for the period of European 



settlement, as indicated by the AMS carbon and Lead 210 dating techniques, and 

the presence of Pinus pollen. The historical information relating to salinity change 

was insufficient on its own to accurately identify wetland salinization trends, but in 

combination with the diatom inferred salinity curves was sufficient to confirm 

suggested trends. Hence, diatoms are important for the management of the wetland 

resources of the Upper South East.  

The Jaffray Swamp sediment core illustrates declining salinity during the period of 

European settlement. Similarly, Bonney‘s Camp Lagoon shows the same trend, 

excluding the modern, surface sample. These wetlands were selected to be 

representative of the Marcollat and Bakers Range watercourses respectively. 

Hence, the diatom record indicates that these wetlands are actually experiencing a 

freshening of surface water. The historical ground water salinity data, however, 

show increasing salinity near Jaffray Swamp and decreasing salinity near 

Bonney’s Camp. It is suggested that with vegetation clearance and the continual 

cycle of dryland salinization groundwater salinity of the region is rising. Evidence 

of such is provided by Barnett (1989), Foale and Smith (1991) and the 

Environmental Impact Assessments Branch (1995). In contrast to the above 

mentioned wetland sediment cores, Reedy Lake sediment core shows an increase 

of salinity in the modern samples. This lake is a groundwater fed lake, perched on 

the edge of the interdune corridor and does not receive surface water from the 

main Bakers Range watercourse. It appears that this lake salinity reflects regional 

groundwater salinity trends. 

The declining salinity of wetland surface water may be due to the progressive 

construction of a surface water drainage network, which channels surface water 



northward through the chain of swamps (Taffs, submitted). The drainage system 

has increased the amount of surface water and the rate at which surface water 

moves through the wetlands. The hydrological change is flushing salts from the 

wetland ecosystems resulting in an improvement of their water quality compared 

with that experienced prior to European settlement. The current degradation of 

wetlands is therefore not due to surface water salinity but rather a combination of 

other factors resulting from vegetation clearance and grazing activities. 

Conclusions 

While regional groundwater salinity may be increasing in the Upper South East, 

due to the impact of European settlement or contemporary climate change, the 

effect of drainage in the main wetland areas has been to reduce wetland surface 

water salinity. Current wetland degradation is not due to dryland salinization but 

rather to hydrological changes that may relate to the water depth and surface water 

movement through the wetland areas, both a result of drainage activities. 

Reconstruction of the diatom assemblage to provide information on the 

salinization trends in the Upper South East proved useful for the period of 

European settlement. As the only available palaeo indicator preserved in this 

region, information retrieved from their assemblage could prove invaluable to the 

management of the Upper South East of South Australia’s wetlands, particularly as 

trends could not be determined from the scant historical records available. In 

combination, the diatom assemblage and the historical information were sufficient 

to determine recent trends of environmental change. 
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