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Executive Summary 

Many sites are considered wetlands – even those that are dry more often than they are wet. Historically, many 
seasonal wetlands have been drained and so are no longer wet (e.g. south-east South Australia). Many other 
seasonal or intermittent wetlands are now permanent on account of changed catchment hydrology. Most 
Australian wetlands have changed since European settlement, so evidence for a wetland today should not be 
taken of evidence for a wetland in the past, and vice-versa.  

Water can accumulate in low lying areas following rainfall yet these sites can remain dry for extended 
periods. So, defining a wetland can be difficult, particularly in a variable climate. Victoria uses wetland 
Environmental Vegetation Classes to define wetland types where the wetland vegetation has not been 
displaced. In the U.S. wetlands are defined by the presence of a ‘hydric soil’ where mottling or gleying reveals 
relatively permanent inundation. Otherwise, there is little basis on which to definitively delineate non-
permanent wetlands in Victoria, where swamp plants are lost.  

Permanent wetlands allow for the accumulation of sediments and organic matter into layers (strata) and so, 
over time, form a stratigraphy. If the sediments remain undisturbed, each successive layer is younger than that 
below. The lack of oxygen allows for organic remains to be preserved in place allowing for the state of the 
wetland to be recovered over time.  

If sediments are dried for extensive periods, water can infiltrate and percolate through the layers. This process 
carries organic matter and fine clays from higher layers to lower. Over time this vertical organisation results in 
a soil profile where there is a contrast (e.g. texture, colour) between an upper (donor) layer and a lower 
(receiver) layer.  

Five sites (Figure 1) were selected for coring/augering to ascertain if sediment sequences could be extracted 
(demonstrating a past, permanent wetland) or to determine the existence of hydric soils. The sites were at the 
entrance point of Strathaird Creek (Site 1), lower central ‘Hanna Swamp’ near a farm dam (Site 2); upper west 
where green grass reflected saturated soils (Site 3), and at two sites (# 4 & 5) within the Yarra Valley Water 
property where wetland plants were observed (Figure 1). 

 

Figure i. Location of five sites selected for soil profile/sediment analysis. 

At no site was it possible to insert the d-section corer into the surface. So, an auger hole was dug as far as a 
clay layer at each site and the soil/sediment examined and photographed. At no site could the d-section corer 
be inserted beyond the end of the auger hole.  

At all sites there was clear contrast in the colour and texture between the top and lower sediments. The lower 
sediments at all sites showed slight mottling suggesting past inundation. The basal clays in sites 4 and 5 were 
heavier than sites 1, 2 and 3.  
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Twelve samples were prepared (‘wet mounts’) to assess the preservation of microfossils. In none of these 
samples were fossil pollen or diatom algae observed.  

  
 

Figure ii Soil profiles from sites 1-5.  

As it was not possible to drive the coring device into the sediments, even after the auger had removed the 
upper ~ 50 cm, it is clear that this site has not been a ‘permanent’ wetland. This conclusion is supported by the 
absence of microfossils.  

The evidence for texture and colour contrast down each profile shows that the site has been dry for long 
enough for vertical organisation to have taken place. It takes ~ 30 years for evidence for soil formation to 
show, so this suggests that the prevailing condition of this site was dry, likely over the last century.  

Long term climate evidence from the ‘rain gauge’ lakes of western Victoria show a substantial decline in 
effective rainfall over recent centuries. So, while the site may have been inundated under wetter climates in 
the past, it is less likely to be today. Further, drying climate scenarios for future decades suggests that it is 
even less likely to be inundated in the future.  

It is possible that the site was inundated in the past under heavy rainfall events where inflows may have 
exceeded the natural drainage to the north-east. This was likely of insufficient duration to sustain wetland 
conditions. The soil profiles suggest this site has been mostly dry for many decades. Scenarios of future 
climate suggest that the predominantly dry conditions will continue, and inundation will be even less 
common.  

Declaration 

The conclusions in this report assume that the personal observations, accumulated over 40 years (see 
biography and Appendix A for evidence of relevant expertise), of wetland sediments as evidence for wetland 
state, hold for the example of Hanna Swamp. I have made all the inquiries that I believe are desirable and 
appropriate and no matters of significance which I regard as relevant have to my knowledge been withheld from the 
Committee. 
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Introduction 

Definition 

A swamp is a type of wetland that is shallow, typically covered by aquatic plants. The nature of the vegetation 
is driven by the balance between water depth and the duration of inundation (Casanova, 2011), but this varies 
further on account of other factors such as water quality. Any one ‘wetland’ can include swamps and lakes as 
the depth of a basin influences the depth and persistence of water, and this can vary across space. Further, as 
climate varies continually, from scales ranging from season to centuries and more, lakes may become swamps 
and vice versa (Gell et al., 2018).  

A wetland, as defined under the Ramsar Convention of Wetlands (Article 1.1), includes “…areas of marsh, 
fen, peatland or water, whether natural or artificial, permanent or temporary, with water that is static or 
flowing, fresh, brackish, or salt, including areas of marine water the depth of which at low tides does not 
exceed six metres” (Ramsar Convention, 1971; Milton et al., in press).  So, many sites are considered 
wetlands – even those that are dry more often than they are wet. Individual designated Ramsar sites may 
include areas that are permanently inundated, seasonally inundated or inundated only occasionally, and may 
include rice paddies, reservoirs and raised bogs. Historically, many seasonal wetlands have been drained and 
so are no longer wet (e.g. south-east South Australia). Many other seasonal or intermittent wetlands are now 
permanent on account of the increased catchment efficiency from forest clearance (e.g. Llangothlin Lagoon, 
NSW; Woodward et al., 2014), or through hydrological change owing to e.g. river regulation (e.g. MDB 
wetlands; Gell, 2020).  

Wetland History 

Such is the footprint of modern society on Australian landscapes that very few wetlands remain in the same 
state they were in the 1700s (Gell and Reid, 2016). The changes wrought have been substantial, and 
widespread and the state of wetlands, and the associated vegetation, changed from the mid-late 19th century 
with many wetlands losing submerged plants, while in other sites aquatic plants invaded where there was a 
suitable hydrological regime. So, the presence of aquatic plants today should not be taken as evidence that 
these represent the ‘natural’ (here meaning pre-European) character of a site. Nor should the present dryness 
or wetness of a site be used to infer a ‘natural’ hydrological regime.  

Insights into the natural state of a wetland can be gained from ethnohistoric documents, or recollections of 
local people, although the latter have proven to be unreliable (Tibby et al., 2008; Gell et al., 2019). The 
history of a wetland can be reconstructed from chemical and biological remains (e.g. pollen, algae, carbon and 
nitrogen isotopes) contained in sediment sequences, however, such sequences are usually only continuous in 
wetlands that are regularly or permanently inundated (Gell, 2019). So, there are few definitive ways of 
determining if a site was a natural wetland, as evidence for a wetland may have been lost or has not been 
preserved, and the present state is almost always a reflection of the modern hydrological regime and not the 
original (which was itself highly variable).  

Wetland Sediments and Soils 

A soil is a sediment that has become organised into layers (horizons) owing to the downward movement 
(eluviation) of fine particles under the agency of the percolation of rainfall. If a layer of sediment (e.g. a dune) 
is stable it may begin the process of soil formation (pedogenesis) and transition from an accumulation of 
sediments to a soil after 30 years. Fully formed soil horizons may take centuries to develop. So, a soil is the 
function of an ongoing process of vertical reorganisation.  
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Rainfall will not percolate if the soil is saturated, and so any suspended particles will settle on the surface. 
Permanent wetlands then, build up sediments over time and they have layers that read like a history book. 
Deep, permanent lakes (e.g. Lake Bullenmerri in western Victoria) may have sediment records that span many 
millennia, with each successive layer younger than the one below it, and so they can be used to derive 
continuous records of e.g. climate change. There is no vertical reorganisation in a sediment sequence.  

In the USA, issues surrounding the development of wetlands has driven legislation that defines the boundary 
of a wetland, so that offset provisions can dictate the area of wetlands to be reconstructed or restored. This has 
borne the discipline of ‘wetland delineation’ based on the extent of ‘hydric soils’. Any wetland that was once 
permanent will have evidence of a sediment sequence, in which will be preserved biological and chemical 
evidence of its state. A seasonal or intermittent wetland will accrue fine particles and organic matter, but this 
may be lost or degrade during drying. At that time the dry surface may undergo ‘pedogenesis’ but the lower 
layers remain relatively saturated. Such a ‘soil’ will be ‘gleyed’ or ‘mottled’ reflecting the different state of 
iron under reduction (saturated) or oxidation (dry) states.  

So, while no such legislation for the delineation of a wetland exists in Australia, the presence of ‘hydric’ soils 
provides a guide to distinguish between sites that are regularly saturated and those mostly dry. Evidence for 
hydric soils may persist even after burial such as those soils underlying the 1850-1907 gold-rush sludge along 
the Yarrowee River (Ballarat) (Davies et al., 2018).  

Wetland Restoration Under a Drying Climate 

Any effort to restore a past wetland needs to consider the new climate relative to that when the identified 
wetland existed. Paleoclimate studies show that south-eastern Australia has undergone a ~ 15% decline in 
effective rainfall since 1700 (Mills et al., 2013). Rainfall scenarios under a +2oC pathway suggest a further 
15% decline in rainfall which will translate into a 50% decline in runoff (Gell et al., 2013, 2019). So, while a 
‘wetland’ may be delineated based on the distribution of hydric soils, in a region subject to a drying climate, 
such as southern Victoria, the rainfall may not be sufficient now, or in the future, to wet the identified zone for 
sufficient time, to sustain the intended flora. This dilemma is being faced at the Ramsar-listed Lake Albacutya 
which has been dry since the 1970s, and is unlikely to receive Wimmera River flows again.     

Hanna Swamp Investigation 

Methods 

Five sites (Figure 1) were selected for coring/augering to ascertain if sediment sequences could be extracted 
(demonstrating a past, permanent wetland) or to determine the existence of hydric soils. The sites were at the 
entrance point of Strathaird Creek (Site 1), lower central ‘Hanna Swamp’ near a farm dam (Site 2); upper west 
where green grass reflected saturated soils (Site 3), and at two sites (# 4 & 5) within the Yarra Valley Water 
property where wetland plants were observed (Cyperus sp., Juncus sp., Rumex sp.). Subsamples were taken 
from the soil profiles at upper and lower (sites 2 and 3), and upper, mid-level and lower level (sites 1, 4 and 
5), for microfossil analysis.  

Results.  

At no site was it possible to insert the d-section corer into the surface. So, an auger hole was dug as far as a 
clay layer at each site and the soil/sediment examined and photographed. At no site could the d-section corer 
be inserted beyond the end of the auger hole.  
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Figure 1. Location of five sites selected for soil profile/sediment analysis. 

 

Soil Profiles 

Site 1. Strathaird Creek.  

A soil profile was revealed from a ~ 50 cm auger hole (Figure 2). This showed colour contrast down profile. 
Texture contrast was also evident with a transition from silty-clay to clay down profile. There was light 
mottling in the darker clay layer at the base.  
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Figure 2. Auger hole and soil profile at Site 1.  

 

Site 2 – Dam Site 

The soil at site 2 was dry and granular. The profile (Figure 3) showed colour and texture contrast ranging from 
a light silty-clay at the surface to a dark grey clay at depth. The lowermost sediments were slightly mottled.  

  

Figure 3. Location and soil profile at site 2.  
 

Site 3 – Road Site 

The soil at site 3 was also dry and granular. The profile (Figure 4) showed colour and texture contrast ranging 
from a light silty-clay at the surface to a dark grey clay at depth. The lowermost sediments were slightly 
mottled.  
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Figure 4. Site 3 location and soil profile.  
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Site 4 – Yarra Valley Water west site 

The soil at site 4 showed a colour and texture contrast down profile (Figure 5). The surface soil was a grey 
clay which graded to a very dark heavy clay. Mottling was evident below ~ 20 cm.  

 

 

Figure 5. Location and soil profile at site 4.  

Site 5 – Yarra Valley water east site 

The soil profile showed a strong colour and texture contrast from a light grey silty-clay to a dark grey clay 
(Figure 6). The lowermost sediments showed evidence of mottling.  
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Figure 6. Location and soil profile at site 5.  

Fossil Analysis 

Wet mounts were prepared from thirteen sub-samples from the soil profiles. These were scanned on a Zeiss 
Axiolab microscope at 400 x magnification. No pollen or diatom microfossils were observed.  
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Discussion 

At none of the sites was it possible to insert the d-section corer, even after the upper ~ 40 cm was extracted 
using an auger. My experience of coring more than 100 sites in Victoria, interstate and internationally, 
suggests that this is not, and was not, a permanently inundated wetland, in historic times (the last 100-200 
years).  

Sites 1, 2 and 3 showed evidence for vertical organisation (horizons) consistent with pedogenesis. So, for 
much of the history of these sites, they have been dry enough for water to percolate from the surface into the 
lower horizons. The basal clay layers showed feint mottling suggesting that they underwent wetting and 
drying. As this was confined to the subsurface, it is likely that the clay impeded deeper percolation and was 
wet/dry; yet the surface was mostly dry.    

The upper 10 centimetres of the profiles at sites 4 and 5 reflected a typical soil, however the sediments below 
were wet, clay-rich, organic and mottled. It is likely that the nature of the topography at these sites held up 
water for longer. However, the dry friable surface soils suggested irregular wetting, amounting to, at most, 
intermittent wetland conditions. The absence of microfossils suggests that the site was dry for extended 
periods precluding their preservation.  

Conclusion 

The site has been severely disturbed with the catchment efficiency (runoff) altered due to forest clearance, and 
what runoff that has occurred diverted into drainage lines or held behind subtle variations in topography e.g. 
roads. So, the present distribution of aquatic vegetation cannot be used with any confidence to plot the extent 
of a ‘natural’ wetland.  

Likely the best indication of wetland extent is the nature of the soil/sediment. A small sample of auger holes at 
five sites provides evidence that Hanna Swamp was not permanent, that much of the surface area was mostly 
dry, but that it was wet often enough, for the subsoil to be saturated, for some of the time. It remains uncertain 
whether any site was sufficiently wet, for sufficient duration, to host perennial aquatic vegetation.  

If restoration to a past state is sought then this needs to be designed mindful that runoff is now, and will be in 
the future, much less than in historic times. If the evidence of mottled clay sub-soils reflects an intermittent 
wetland (or dry land subject to inundation), it is likely that even the occasional inundation events that 
produced these soils will only be reproduced in the future by artificial means.  

Seasonal Herbaceous Wetlands are formed from rainfall wetting isolated depressions and they do not rely on 
drainage systems (awe.gov.au). The plants survive dry periods as propagules but the seed bank is likely lost if 
they are unable to germinate, grow and cast seed, over an extended time. Further, if a depression is filled more 
regularly, they are likely to be replaced by more vigorous aquatic plant forms that have not evolved to deal 
with such high variability. The soil analysis reported here does not preclude the possible existence in the past 
of herbs growing seasonally in isolated depressions. However, were the establishment of Seasonal Herbaceous 
Wetlands to be a goal, the site would require highly refined management owing to the drying climate, 
augmented runoff from impervious surfaces, and drainage from the watering of gardens and the extensive 
pivot irrigation system to the south.  
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