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Executive Summary 

 
The project Port Davey region estuarine landforms threatened by sea level rise and increased tourism 
is an approved Natural and Cultural Heritage TWWHA five-year program (D2.1) that commenced in 
financial year 2018-19.  Its objectives are to establish the nature and values of low-lying sedimentary 
landforms in the waterways of the Port Davey – Bathurst Harbour – Melaleuca area.  The work also 
examines the sensitivities of those landforms to human impact and monitors their rate of change in 
order to allow better informed management decision-making regarding existing and potential 
threats.  This is the first in a series of interim progress reports and as such should not be regarded a 
definitive synthesis of findings.  More comprehensive reports will be forthcoming after years three 
and five of the project. 
 
The project incorporates and builds upon an erosion pin monitoring program first established in 
Melaleuca Inlet and Creek in 1992 and expanded to the Davey, Spring, North and Old Rivers in 1997.  
The work reported here includes pin monitoring results for Melaleuca Inlet and Creek as well as the 
Spring and Old Rivers.   
 
Of concern is recently accelerated erosion of Old River banks.  Given that high speed vessels are a 
known cause of bank erosion it is recommended that the 5-knot speed limit that applies to all 
waterways within 60m of the shore be adequately signposted in the Old River area, and enforced 
where practical.  
 
This report also documents the establishment of a sensor-based monitoring program to log 
parameters influencing geomorphic process, namely water level, flow velocity, electrical 
conductivity and turbidity.  The first site to be monitored in this manner is a small tidal tributary 
creek of Melaleuca Inlet.  Approximately 12 months of data will be acquired from that site before 
the system is moved to a new location.  The week-long data set collected during fieldwork is 
discussed and demonstrates that the installation is functioning well. 
 
An attempt was made to establish very high resolution monitoring of selected landforms using 
structure from motion photogrammetry to construct digital elevation models.  Results to date have 
been disappointing and it is proposed to acquire new imagery using a small remotely piloted aircraft.   
 
A small number of exploratory sediment cores were taken to examine bank materials and 
stratigraphy and in attempt to identify sites for more detailed study next field season.  Some 
mapping of landforms and bed sediments was also done enroute to monitoring sites when time 
permitted.  As a work in progress, detailed discussion of these incomplete investigations is deferred 
until the more comprehensive year three project report.   
 
Finally, proposed works for the 2019-20 financial year are outlined. 
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1  Introduction 

 
The Port Davey - Bathurst Harbour - Melaleuca region has been identified as a target area for 
integrated monitoring because of its World Heritage values, existing established monitoring in 
relation to current conservation and management issues and the potential for further tourism 
development in the area.   
 
The Port Davey region and its catchment area lie entirely within the Tasmanian Wilderness World 
Heritage Area and are in largely natural condition.  While the entire Port Davey – Bathurst Harbour 
waterbody is an estuary, there are several discrete sub-estuaries (Davey, Spring, North, Old, 
Melaleuca) which contain a complex assemblage of depositional Holocene landforms.  Vegetation 
plays a significant sediment trapping role, therefore since the flora (and browsing fauna) are unique, 
these landforms are probably globally unusual if not also unique.  Unlike the more deeply incised 
narrow ria estuaries of the west coast (Arthur, Pieman, Henty, Gordon, Wanderer etc.), most of the 
Port Davey estuaries are only partly infilled with Holocene sediment and retain broad basins in their 
lower Reaches.  Despite the depositional context, a monitoring program first established in 1992 has 
consistently recorded widespread erosion at a rate of a few millimetres per year.   
 
The existing erosion monitoring program (Bradbury 2011, 2017) provides information on the rate of 
streambank change driven by wave wake erosion and sea level rise.  That information is used to 
inform management of those threats to the sensitive, soft sediment landforms.  Monitoring has 
been coupled with some very brief geomorphological observation that, over more than two 
decades, has suggested that some complex and significant landforms occur in the area. 
 
This project continues the existing monitoring program, as required under the 2016 TWWHA 
Management Plan KDO 6.4.1. It adds an expanded geomorphological component in order to better 
inform management.  The aims of the present five year project are to: 
• Examine and document parts of the landform assemblage that appear unusual in an 

international context and may represent an additional outstanding universal value. 
• Better understand the threats to those unusual landforms posed by the recent and potential 

further increase in tourism activities in the area, coupled with sea level rise. 
• To continue to acquire monitoring data on the rate and magnitude of geomorphic change of 

threatened landforms (TWWHA Management Plan KDO 6.6.2) in order to enable informed 
decision-making. 

• To improve understanding of degrading landforms in order to allow better informed 
management decision-making regarding existing and potential threats. 

• To provide specialist input into interpretive materials for the presentation of values. 
 
This interim progress report and is based largely on fieldwork conducted 22 – 31 March 2019, with 
the assistance of Alan Thurston (PWS Huonville). 
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2  Erosion pin monitoring 

 
2.1 Methods 
The rate of stream and estuarine bank erosion is determined by repeated measurement of erosion 
pins (Wolman 1959) installed perpendicular to the bank face, with multiple pins installed at each of 
41 sites.  The pins are uniquely numbered lengths of 3/16” diameter stainless steel rod.  Change in 
the exposed length of pins between measurements represents the net geomorphic change that 
occurred during the monitoring period.  Measurements are normalised and reported as a rate in 
mm/year, thus allowing comparison of monitoring periods of varying length. 
 
Monitoring of Melaleuca Inlet and Creek commenced in 1992, with the Davey, Spring, North and Old 
Rivers added to the program in 1997.  The original purpose was to measure the rate of the erosion 
that was indicated by the near ubiquitous presence of subvertical scarps at the water’s edge.  
Therefore, initially all pins were installed subhorizontally in the scarps.  As part of this project 
additional pins have also been installed vertically in either the permanently submerged shoal below 
the scarp or in the occasionally inundated, vegetated surface above.  As it is only on those flats 
where deposition can occur, the new vertical pins are expected to provide additional information 
regarding geomorphic process. 
 
The optimal frequency of pins remeasurement is determined by the recorded history of geomorphic 
activity.  Melaleuca Inlet and Creek have shown a high rate of activity; pins there should be 
measured every two years at least.  In other systems a remeasurement period of five years is 
appropriate, although that may be influenced to some extent accessibility, particularly sea 
conditions during fieldwork, which may prevent timely access.  Only those pins in Melaleuca Inlet 
and Creek, the Spring and Old Rivers were measured this monitoring period.  The North and Davey 
Rivers were not due for measurement.  A new site was installed in Hannant Inlet in 2017, its rate of 
activity remains unknown however as it was not accessed due to adverse seas. 
 
 
2.2 Results 
Two broad classes of sedimentary bank type are recognised based upon landform and material; 
these are termed estuarine and alluvial banks.  Data for these are analysed and presented separately 
for each of the individual sub-estuaries where pins were remeasured during recent fieldwork.  Note 
that when assessing erosion pin data, negative values represent deposition and positive values 
represent erosion.  Figure 1 shows the broad scale results and indicates that most of the monitored 
landforms are at present, on average, either stable or erosional.   
 
Melaleuca Inlet and Creek 
With a small catchment area and proportionally large extent of relatively open waters the Melaleuca 
system appears to be the least infilled of the five inner estuaries monitored.  Extensive organosols 
demonstrate a very high ratio of locally generated biological carbon to mineral sediment input.  In 
general, the sedimentary banks of Melaleuca Inlet may be described as estuarine and those in 
Melaleuca Creek as alluvial.  Peatland streams typically have a very low width to depth ratio and an 
almost rectangular channel cross section; Melaleuca Creek is no exception.  The generally subvertical 
banks show cantilever failure on some outside bends where natural erosion is most likely to be 
active.  Otherwise mere steepness is not necessarily indicative of erosion.  Results from the most 
recent monitoring are shown in Tables 1 and 2 and Figures 2 - 4. 
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Figure 1: Overview of the rate of geomorphic activity of sub-estuaries in the Bathurst Harbour area.  Green 
triangle = deposition, yellow circles = little change (-2 mm/yr < x < 2 mm/yr), red inverted triangles = erosion. 

 
 
Table 1: Summary of Melaleuca Inlet and Creek erosion pin monitoring results for the period ending March 
2019, rates in mm/yr, n<0: number of pins recording deposition, n=0: number recording no change. 
 

site # bank type river km n min max mean median stdev n <  0 n = 0

3 estuarine 4.65 8 -3.8 8.0 3.4 4.0 4.0 0 1

11 estuarine 4.85 7 -0.9 4.7 2.6 3.3 2.1 0 0

10 estuarine 5.1 7 2.3 6.1 3.5 3.3 1.4 0 0

4 estuarine 5.25 6 1.4 8.0 4.0 3.8 2.2 0 0

14 estuarine 5.35 8 2.4 8.5 3.8 3.3 2.0 0 0

5 estuarine 6.17 8 1.4 11.3 3.8 2.6 3.3 0 0

12 alluvial 6.56 5 -0.3 2.8 1.0 0.3 1.4 0 1

8A alluvial 6.8 2 0.9 1.4 1.2 1.2 0.3 0 0

7 alluvial 6.82 7 -2.4 1.2 -0.4 0.0 1.3 0 3

1 alluvial 6.92 2 0.5 1.4 0.9 0.9 0.7 0 0

9 alluvial 7.12 4 -0.6 0.2 -0.2 -0.2 0.3 0 1

6 alluvial 7.27 5 0.6 1.8 1.2 1.6 0.6 0 0

13 alluvial 7.28 7 -3.2 0.7 -0.7 0.1 1.6 0 0  
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Figure 2: Melaleuca Inlet estuarine bank erosion rate through time.  Error bars = 1 standard deviation (σ).  
Note that the 5 kt speed limit was introduced c 1994. 

 

 
Figure 3: Erosion rate of alluvial banks downstream of landing in Melaleuca Creek through time.  Error bars = 1 
σ. 

 

 
Figure 4: Erosion rate of alluvial banks upstream of landing in Melaleuca Creek through time.  Error bars = 1 σ. 

 
 
To date only a very small number of results are available from vertical pins likely to record 
deposition in Melaleuca Inlet and Creek (Table 2).  While more have now been installed, results will 
not be available until these are remeasured next field season.  Note that in Melaleuca Creek the 
lower surface is essentially the stream bed and is too deep for practical measurement of pins. 
 
Table 2: Erosion and deposition rates recorded by vertical pins in Melaleuca Inlet and Creek 
 

n min max mean new pins

estuarine vegetated 1 2.4 2.4 - 4

estuarine submerged 2 -3.8 4.7 0.5 4

alluvial vegetated 4 -3.2 -2 -2.6 -

alluvial submerged 0 - - - -  
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Spring River 
The Spring River maintains a distinct meandering channel through the muddy bed of the otherwise 
very shallow Manwoneer Inlet.  Upstream, the navigable reaches lie within a 400 – 800 m wide 
floodplain with maximum elevation 2 – 3 m above sea level.  The bank sediments are typically 
muddy to peaty.  Clean alluvial sands are relatively minor, most obviously occurring as small point 
bar deposits or narrow, low levees.  All landforms and sedimentary facies observed are consistent 
with the model of Holocene infilling of a ria estuary.  Despite the broadly depositional setting, 
indicators of erosion such as scarps and exposed roots are common, although few erosional features 
appear active and in several instances scarps have been partly buried under more recent sediment.  
In estuarine reaches scarps typically have a moderate to thick coating of fibrous green algae.  Results 
from the most recent monitoring are shown in Tables 3 and 4 and Figures 5 and 6. 
 
Table 3: Summary of Spring River erosion pin monitoring results for the period ending March 2019, rates in 

mm/yr, n<0: number of pins recording deposition, n=0: number recording no change. 
 

site 
# 

bank 
type 

river 
km n min max mean median stdev n < 0 n = 0 

8 estuarine 1.91 7 -0.5 3.8 2.2 2.6 1.4 0 0 

9 estuarine 1.93 8 1.4 9.8 4.5 4.5 3.0 0 0 

7 alluvial 2.99 8 -6.0 12.7 1.5 1.8 5.6 0 0 

6 estuarine 4.28 5 0.0 4.7 2.2 1.4 2.2 0 1 

5 alluvial 5.75 3 -9.4 3.8 -1.1 2.4 7.2 0 0 

4 alluvial 6.54 5 -8.5 24.9 2.4 -0.5 13.7 0 0 

3 alluvial 6.6 2 0.0 2.9 1.4 1.4 2.0 0 1 

1 alluvial 6.78 4 -11.3 1.9 -2.9 -1.2 5.9 0 0 

2 alluvial 7 4 0.0 7.3 2.4 1.2 3.3 0 1 

 
 
 

 
Figure 5: Erosion rate of Spring River estuarine banks through time. Error bars = 1 σ. 
 
 

 
Figure 6: Erosion rate of Spring River alluvial banks through time. Error bars = 1 σ. 
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Table 4: Erosion and deposition rates (mm/yr) recorded by Spring River vertical pins. 
 

n min max mean new pins

estuarine vegetated 0 - - - 6

estuarine submerged 2 -9.4 -0.5 -5.0 7

alluvial vegetated 0 - - - 3

alluvial submerged 2 -6.0 -4.3 -5.2 1  
 
 
Old River 
The Old River has formed a largely subtidal muddy delta at the north-eastern corner of Bathurst 
Harbour. Upstream from the shelter of the unnamed eastern headland the river channel narrows 
rapidly.  It lies within a muddy, high organic matter content estuarine floodplain that remains a 
relatively constant 700 m wide to the islet at the limit of navigation just 2.4 km upstream, where it 
too begins to narrow rapidly.  Again, all landforms and sedimentary facies observed are consistent 
with a model of Holocene in-filling of a ria estuary, and hence a broadly depositional geomorphic 
setting.  However, evidence for recent, mostly natural, erosion is common, most notably in the 
vicinity of the islet and on the relatively exposed east bank downstream from Ngyena Creek, where 
root exposure and bleaching indicates retreat of several metres over a multi-decadal timescale.  
Results from the most recent monitoring are shown in Tables 5 and 6 and Figures 7 and 8.  One 
alluvial bank site could not be relocated and an additional site was installed on the obviously 
retreating eastern bank near the river mouth into Bathurst Harbour. 
 
 
Table 5: Summary of Old River erosion pin monitoring results for the period ending March 2019, rates in 
mm/yr, n<0: number of pins recording deposition, n=0: number recording no change. 
 

site 
# 

bank 
type 

river 
km n min max mean median stdev n < 0 n = 0 

4 estuarine 0.65 10 
-

2.1 3.2 1.1 1.4 1.8 0 0 

3 alluvial 1.67 2 1.0 12.6 6.8 6.8 8.2 0 0 

1 alluvial 1.89 5 1.6 23.8 13.4 13.2 8.7 0 0 

 
 

 
Figure 7: Erosion rate of Old River estuarine banks through time. Error bars = 1 σ. 
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Figure 8: Erosion rate of Old River alluvial banks through time. Error bars = 1 σ. 
 

 
Table 6: Deposition rates (mm/yr) recorded by Old River vertical pins. 
 

n min max mean new pins

estuarine vegetated 0 - - - 3

estuarine submerged 2 -2.1 -0.9 -1.5 2

alluvial vegetated 0 - - - -

alluvial submerged 0 - - - -  
 
 
2.3 Discussion of erosion pin monitoring results 
Compared to the geomorphic change occurring in fluvial and estuarine systems elsewhere around 
the world, the rates of erosion recorded in the Port Davey estuaries are best described as low.  
However, that is not to say that they are insignificant.  In Melaleuca Inlet for instance, an average 
erosion rate of 3.7 mm/yr means that in the 1.9 km reach between the 5-knot sign and Melaleuca 
Lagoon, 14.1 m2 of bank will be lost each year.  
 
More concerning however is the reversal of geomorphic process on the estuarine banks.  All 
qualitative evidence suggests that throughout the Port Davey region these were until recently 
actively depositional.  Studies designed to quantitatively test that hypothesis are outlined later in 
this report.  In the meantime, it is useful to compare the rates of change reported here with those 
from the lower Gordon River (Table 7), a better known, albeit much larger, system. 
 
The most recent monitoring shows that estuarine banks of Melaleuca Inlet are eroding slightly faster 
than those of the Gordon, which remain subject to the effect of twice daily cruises.  While water 
traffic may be contributing to erosion in Melaleuca Inlet, the same is unlikely for the Spring River, 
where estuarine banks are eroding at a rate comparable to those on the Gordon.  The reason for the 
elevated Spring River estuarine bank erosion rates is yet be determined.  On the Davey and North 
Rivers however, estuarine banks eroded considerably slower than those of the Gordon over 
comparable periods.   
 
While the estuarine banks of the Port Davey region are morphologically comparable to those of the 
Gordon, alluvial banks in the two systems are markedly different.  Those on the Gordon have a 
subdued levee form, truncated by an erosional scarp, with muddy shallows at the edge of the 
channel.  In contrast the Port Davey region alluvial banks are typified by flat crests and sub vertical 
faces that plunge directly into water too deep to wade.  The form of the Port Davey area alluvial 
banks is suggestive of a much higher organic matter content than those of the Gordon.  That in turn 
implies that the sub-vertical faces may not be erosional scarps, as peatland streams with high 
organic matter content banks often display a near rectangular channel cross section due to the 
cohesive nature of the bank materials. 
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With the exception of the Old River, alluvial banks in all Port Davey estuaries eroded at a lower rate 
than those of the Gordon, although again the Spring showed comparable rates.  The relatively high 
rate on the Old River was influenced by cantilever bank failure at one monitoring site, however it 
could also be indicative of localised instability restricted to that catchment.  When a double meander 
cutoff occurred on the North River some time between 11 and 14 years ago the alluvial banks there 
recorded similarly anomalously high rates of erosion for the corresponding period.  No comparable 
change was observed to have occurred on the navigable reaches of the Old River during the most 
recent monitoring period.  There is no appropriately high resolution remote sensing imagery for the 
period of interest freely available, therefore the possibility of change further upstream cannot be 
discounted.   
 
However, the Old River was rezoned to allow motorised boating under the 2016 TWWHA 
Management Plan and evidence of increased visitation is apparent.  A walking track heading 
upstream from the limit of navigation and the landing near T.B. Moore’s historic food cache now 
both show signs of frequent use.  Vessel wave wake is a known cause of erosion in sheltered 
waterways (Macfarlane et al. 2008) and the problem is well known to exist elsewhere in Tasmania, 
particularly the lower Gordon River (Bradbury 2013).  There a five-knot speed limit imposed on 
recreational craft like those accessing the Old River, where the mouth shoals impose a draft limit, 
appears to have been effective in limiting the rate of erosion. (Bradbury 2019).  It is therefore 
recommended that the 5-knot speed limit that applies to all waterways within 60m of the shoreline 
be adequately signposted upstream from the mouth of the Old River and enforced where practical. 
 
 
Table 7: Comparison of erosion rates (mm/yr) recorded in Port Davey estuaries with those of the lower 
Gordon River over similar periods. 
 
Estuarine period count min max mean stdev %<0 %=0

Melaleuca Inlet Feb 17 - Mar 19 41 -0.9 11.3 3.7 2.4 2.4 2.4

Spring River Feb 17 - Mar 19 20 0.0 9.8 3.1 2.4 0.0 5.0

Old River Feb 17 - Mar 19 8 0.1 3.2 1.7 1.2 0.0 0.0

Gordon River Dec 16 - Dec 18 91 -40.8 80.8 3.0 14.1 14.3 33.0

North River Mar 10 - Feb 17 27 -22.1 17.6 1.7 5.9 18.5 3.7

Gordon River Jun 09 - Dec 16 254 -39.4 327.0 5.4 23.5 13.8 22.4

Davey River Mar 05 - Feb - 17 40 -4.0 17.5 3.5 4.2 17.5 0.0

Gordon River Jun 05 - Dec 16 505 -46.1 327.0 7.1 27.6 12.5 17.0

Alluvial

Melaleuca Creek Feb 17 - Mar 19 14 -0.3 2.8 0.8 0.9 7.1 28.6

Spring River Feb 17 - Mar 19 22 -11.3 24.9 1.8 7.3 22.7 9.1

Old River Feb 17 - Mar 19 7 1.0 23.8 11.5 8.5 0.0 0.0

Gordon River Dec 16 - Dec 18 145 -39.0 49.6 2.2 11.1 19.3 30.3

North River Mar 10 - Feb 17 13 -0.3 6.1 1.8 1.8 7.7 0.0

Gordon River Jun 09 - Dec 16 352 -60.0 331.0 5.7 26.0 21.3 19.9

Davey River Mar 05 - Feb - 17 13 0.0 5.0 1.7 1.3 0.0 7.7

Gordon River Jun 05 - Dec 16 740 -280.8 331.0 5.3 22.4 19.1 10.7  
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3  Sensor-based monitoring 

 
3.1 Geomorphological rationale 
Coastal wetlands are dynamic systems, with inputs of energy (chiefly currents and waves) from both 
terrestrial and marine environments.  Similarly, sediment may be input from both land and sea, 
although export is typically only towards the marine environment.  Biogenic sediment may also be 
autochthonously generated in what is frequently a productive ecosystem. 
 
To improve understanding of contemporary sediment dynamics of the coastal marshes in the Port 
Davey – Bathurst Harbour area it is intended to conduct instrumental monitoring of tidal creeks in 
several locations sequentially, for approximately 12 months each.  It is anticipated that the data thus 
acquired will provide indication of: 

• the conditions under which sediment transport occurs; 

• the direction of sediment transport – import to or export from the marsh; 

• sediment mass flux (once measured turbidity is calibrated against sampled suspended 
sediment concentration). 

Knowledge of these factors will allow better informed judgement of marsh stability under current 
conditions and assist forecast of possible trajectories with projected sea level rise. 
 
The first location to be monitored is an inflow/outflow creek connecting a small tidal backswamp 
lagoon (Figure 9) to Melaleuca Inlet.  The estuarine flat occupies an inner bend of the Inlet and is 45 
to 70 m wide.  The lagoon lies at its inner edge, with a curving planform that follows the foot of the 
adjacent hill slope.  It is approximately 80 m long, with a maximum width of about 10 m.  Depth was 
not investigated.  The inflow/outflow creek has its confluence with Melaleuca Inlet some distance 
downstream of the apex of the bend, where its first 25 m are slightly funnel shaped.  Otherwise the 
channel depth is a fairly uniform 0.8 m at bank full, with a surface width of about half that although 
each bank overhangs by 0.2 m or more.  Both the overhang and the very low width:depth ratio are 
indicative of cohesive sediment with high organic matter content and complex biogeomorphic 
processes.  Overall the landform resembles a point bar and is suggestive of incomplete estuarine 
infilling and a dominance of lateral aggradation over vertical accretion. 
 
3.2 Method 
The monitoring installation consists of several devices including: 

• Aquamonix EC250 electrical conductivity sensor, 4 – 20 mA output; 

• Greenspan TS 100 turbidity sensor, 4 – 20 mA output; 

• Unidata Starflow  6527A – ultrasonic Doppler sensor for flow velocity, depth and 
temperature, SDI-12 output; 

• Unidata Neon 3004A datalogger, 4 analogue channels with 24 bit resolution plus an SDI-12 
interface, operating in standalone mode; 

• a small additional custom built circuit to switch power to the analogue sensors under logger 
control and to convert their output to a voltage for logging; 

• ancillary hardware including weatherproof logger housing, cabling and cable protection, 
custom fabricated sensor mounts and battery packs. 

 
Solar power is relatively expensive to deploy and a panel visible above the vegetation canopy serves 
as invitation to the curious, which may lead to trampling or tampering, whether intentional or not.  
The necessary hardening against such curiosity adds additional expense, in terms of both hardware 
and labor, to a solar powered system.  None of that is compatible with a semi-portable system and 
temporary installation.  Therefore, it was decided to power the system using only two 18 Ah alkaline 
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battery packs, as would fit inside a small weather proof enclosure of a type known to be suitable for 
deployment in southwest Tasmania. 
 

 
 
Figure 9: Partial view of the small backswamp lagoon connected to Melaleuca Inlet by the inflow-outflow creek 
which is the subject of instrumental monitoring. 

 
 
Given that power constraint, some effort was required to configure the system to maximise the 
amount of data that could be collected over a 12 month period.  That was especially important for 
turbidity since those measurements can be subject to significant noise due to reflectors such as 
leaves or mica flakes passing the sensor lens.  The process of optimisation included: 

• The power consumption of each device was measured, noting the duration of various phases 
of operation as appropriate; 

• The time from analogue sensor power-up to stabilisation of the output signal was 
determined by logging the signal at 1000 Hz at both near zero and near full scale output and 
found to be less than 800 mS for both; 

• Design and construction of a simple circuit to switch the 12 V supply in response to a 5 V 
signal from the logger; 

• Programming the logger, with assistance of Unidata technicians to unlock some hidden 
functions; 

• Partitioning of the two battery packs between the various current sinks. 
 
The deployed scheme logs all parameters at five-minute intervals, and it is anticipated that the 
power supply should last at least 12 months. 
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3.3 Sample data 
Installation of the monitoring system had the highest priority of all field tasks, so that data collection 
could occur while other work was conducted.  The system was activated on the afternoon of 23 
March and a sample dataset (Figure 10) was downloaded on the morning of 30 March.  The sample 
data needs to be interpreted with reference to the weather and Table 8 shows relevant observations 
from the nearest Bureau of Meteorology station, on Maatsuyker Island. 
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Figure 10: The sample dataset acquired over the period 23 – 30 March 2019.  Positive water velocity 
represents outflow, negative inflow. 

 
Table 8: Maatsuyker Island weather observations over the data acquisition period (Bureau of Meteorology 
data). 

 
Date Rainfall 

(mm)

Direction 

of max. 

wind gust 

Speed of 

max. 

wind gust 

(km/h)

Time of 

max. 

wind gust

9am 

Temp. 

(°C)

9am 

cloud 

amount 

(oktas)

9am wind 

direction

9am wind 

speed 

(km/h)

9am MSL 

pressure 

(hPa)

3pm 

Temp. 

(°C)

3pm wind 

direction

3pm wind 

speed 

(km/h)

3pm MSL 

pressure 

(hPa)

23/03/2019 0 NNW 85 20:12 18 6 NE 11 1007.4 17 N 13 1002.7

24/03/2019 6.8 N 65 1:07 12.5 6 NNW 28 1007.3 16.4 NW 19 1002.3

25/03/2019 11.8 NNE 159 13:53 8.3 8 N 98 984.9 9.4 NNW 100 986

26/03/2019 6.6 NNE 154 23:09 10.7 8 WNW 80 1002.1 12.7 W 72 1010.1

27/03/2019 0.2 N 74 2:37 11.9 8 N 37 1019.5 14.5 N 44 1018.8

28/03/2019 0 N 65 11:34 13.8 6 N 43 1012.6 15.5 N 30 1010

29/03/2019 0 N 59 13:47 15.2 6 NNE 7 1001.9 14.6 NW 48 996.3

30/03/2019 5.8 NNW 70 18:43 10.1 4 NW 37 1004.8 11.6 WNW 35 1005.2

31/03/2019 1.2 NNE 83 0:46 9.2 6 SSW 35 1008.7 10.8 W 31 1012.9  
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The early part of the depth record clearly shows a semi-diurnal astronomical tide with the full Moon 
on March 21, although the tide becomes more diurnal in character as the Moon phase wanes.  
Superimposed on that is a storm surge of approximately 0.5 m on 25 – 26 March, driven by strong 
gale to storm force northerly winds (wind set up) and low barometric pressure (atmospheric 
pressure effect). 
 
The water velocity record demonstrates the bidirectional nature of flow in the inflow/outflow 
channel.  The peak flow of 196 mm/sec was recorded during rainfall (as indicated by conductivity 
readings, see below) on an ebb tide at 05:52 on 25 March.  Maximum inflow of 167 mm/sec 
occurred at 13:32 the same day, approaching the peak of the storm surge.  There does not appear to 
be any significant asymmetry of inflow/outflow velocity, with the average outflow of 11.1 mm/sec 
closely matched by the average inflow of 10.7 mm/sec when considering that the depth record 
commenced higher than it ended. 
 
Of note is that non-zero flow was recorded slightly less than 25% of the time.  While zero flow is to 
be expected during slackwater periods the ultrasonic doppler method of velocity measurement may 
also record zero flow in very clean, non-aerated water.  However other forms of flow measurement 
also have their drawbacks and were discounted for the following reasons: 

• Tilting current meter – requires a minimum depth of 0.7 m at all times; 

• Rotating vane – may be fouled or damaged by floating debris; 

• V-notch weir and depth gauge – unsuitable for temporary installations; 

• Electromagnet current meter – excessive cost. 
 
The potential for false records of zero flow due to a lack of suspended particles or bubbles is 
regarded the least worst option for this study, as clean water indicates that no sediment transport is 
occurring. 
 
The conductivity record commences around 30 000 μS/cm, equivalent to a salinity of about 22 ppt, 
which at first appears surprisingly high.  However, this was at the end of the summer dry period, 
with no significant rainfall in the preceding eight days.  During the period of record, several drops in 
conductivity can be attributed to rainfall events.  The record finishes around 8800 μS/cm or a salinity 
of about 6.6 ppt.  At that salinity both clay minerals and very fine organic matter would be 
flocculated and largely unavailable for suspended transport in these slow moving waters. 
 
Despite the above comment about flocculation, the turbidity record does show some increase in 
sediment concentration with the storm conditions.  The three pronounced peaks on 26 March are 
due to bed disturbance associated with stream gauging, however other events are interpreted as 
sediment pulses.  Of note is that several of those coincide or occur shortly after rainfall events, as 
indicated by a sudden drop in conductivity.  The record commences with a baseline turbidity of 
approximately 4.5 NTU but appears to settle on a slightly higher baseline of 6.0 NTU after the storm. 
The latter may possibly have been caused by a small amount of sediment adhered to the downward 
facing lens of the sensor.  Alternatively, it may represent a long tail to sediment suspension due to a 
very low settling rate.  By way of comparison, 5 NTU is the ‘aesthetic’ drinking water guideline value 
for turbidity, described as “just noticeable in a glass” (NHMRC and NRMMC 2011). 
 
3.4 Stream gauging 
In order to determine volumetric discharge from flow velocity measurements the stream must be 
gauged at a range of stages and, in the case of bidirectional tidal creeks, under both ebb and flood 
conditions.  A rating curve can then be established for flow that remains within bank full limits. 
 



13 

 

Figure 11 shows the estimated channel cross section and the flow measurements obtained by 
gauging a mid-ebb flow.  Discharge, Q, may be determined as Q = AV where A is the channel cross 
sectional area and V is average measured flow velocity.  In this instance the estimated flow was 
44.64 litre/sec. 
 

 
 
Figure 11: Cross section of the monitored tidal creek showing measured flow velocities on a moderate ebb.  
Dashed lines indicate location of measurements used to define the channel cross section, otherwise based on 
a field sketch. 
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4  Other geomorphological observations 

 
4.1 Structure from motion photogrammetry 
Structure from motion (SfM) photogrammetry is a relatively new technique, developed from robotic 
vision applications, that allows construction of a 3D model or digital elevation model (DEM) of 
terrain (e.g. Westoby et al. 2012, Fonstoby et al. 2013).  Models are constructed in software from 
overlapping photographs taken from a variety of angles (the motion aspect).  Three SfM 
photogrammetry sites were established in 2017, one each on the Davey River, Hannant Inlet and 
North River.  The Hannant Inlet site is co-located with an existing vegetation monitoring plot.   
 
It was intended that the SfM exercise be repeated in about five years to allow change detection and 
obtain more detailed insight into the retreat of complexly eroding landforms, than can be gained 
from erosion pins alone.  However, the models constructed from the original sets of photographs 
(e.g. Figure 12) proved to be of disappointing quality.  That was partly due to insufficient overlap and 
partly because all photos were taken from ground level thereby minimising vertical perspective. 
 
To remedy these shortcomings it is proposed that photograph acquisition be repeated using a small 
remotely piloted aircraft (RPA, also known as UAV or drone).  This would also allow extension of the 
SfM monitoring program to some unusual but very soft intertidal landforms that cannot otherwise 
be photographed without causing undue trampling damage.  The type of RPA under consideration 
falls within the sub-2 kg weight class, which, under sections 6.1.9 and 6.4.7 of the Remotely Piloted 
Aircraft (Drones) Policy (PWS 2017), may be flown for research purposes without requiring CASA 
certification or registration.   
 

 
Figure 12: Orthorectified composite structure from motion image of intricately embayed estuarine bank, lower 
North River, constructed from 55 ground level photographs.  The tape stretched between points A and B is 30 
m long.  The obvious blurring of the bushes fringing the marsupial lawn and of the larger channel to the right is 
due to lack of a vertical perspective and insufficient overlap of individual photographs. 

 
 
4.2 Exploratory coring 
Peat accumulation in the area is unlikely to have commenced before termination of the last glacial 
phase 14 000 years ago.  Angular quartzite gravels underlying the peat are exposed in the mine 
workings and imply considerable periglacial activity and landscape instability during the last glacial 
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phase.  No older Quaternary sediments are known to occur in the region.  The low-lying soft 
sediment landforms that are most at risk from tourism and sea level rise are unlikely to have 
commenced accumulating before post-glacial sea level rise reached its present level around 7 000 
years ago (Smith et al. 2011), although in places these may be underlain by terrestrial peat.  In order 
to project how these landforms may respond to contemporary drivers of change a better 
understanding of their materials and historic development is required. 
 
Previous work is limited to eight gouge auger holes to a maximum depth of 3.0 m in the Melaleuca 
Inlet area.  This work established a basic stratigraphy of sands (± gravels) overlain by silts, which are 
in turn overlain by thick (to 1.6 m deep) peat (Bradbury 1995).  The deep peats in the bank 
environment indicate that there has been little input of clastic sediments for some considerable 
time. 
 
This current project proposes the more extensive investigation of bank sediments in collaboration 
with external researchers (see below).  By way of reconnaissance, several D-section corer holes were 
put down at sites that appeared potentially suitable for further analysis.  In the saltmarsh of Swan 
Cove near the mouth of the Old River, 1.2 m of fibrous peat was recovered, with an anoxic smell 
below 0.3 m.  Three cores in the lower Spring River area returned 65 – 83 cm of fibrous peat and silty 
fibrous peat, terminating in sand that could not be penetrated.  A single core in Melaleuca Inlet 
returned 94 cm of fibrous peat underlain by thinly bedded sand, dirty sand and silt (Figure 13) to a 
depth of at least 2.0 m.  All holes were backfilled prior to departure from each site. 
 

 
Figure 13: Very thinly bedded light coloured sand and dark silt (in corer) underlying 1 m of fibrous peat (above 
corer), Melaleuca Inlet. 
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4.3 Landform mapping 
The geology of the area has only been mapped at reconnaissance 1:250 000 scale (Williams and 
Corbett 1977), with very little differentiation of Quaternary deposits.  Coastal geomorphology was 
mapped statewide (TCT 1978) and later digitized by Sharples (2000) however that work did not 
extend into the upper estuaries of concern.  Using the then recently acquired 1: 25 000 aerial 
photographs, Baynes (1990) mapped some alluvial overbank deposits around the lower Old, North 
and Spring Rivers and Melaleuca and Moth Creeks, noting deltaic deposits in the area of the mouths 
of the North and Old Rivers.  Dixon (1997) provided useful reconnaissance mapping of bank types 
along navigable reaches of the Davey, Spring, North and Old River estuaries, using a classification 
system of seven categories: estuarine, swamp peat, high peat, eroded fibrous peat, alluvial, bedrock 
and beach.  However this latter work did not indicate context by mapping the landforms away from 
the immediate vicinity of the bank.   
 
The bank faces themselves are but one aspect of the landform system, which also includes 
floodplains, saltmarsh, littoral flats and the bed.  The detailed morphology of the terrain, together 
with its material composition, represents both the record of Holocene landform evolution and a 
guide to geomorphic processes currently operating.  However more detailed landform mapping is 
required to interpret that record sufficiently to reliably establish landform significance, sensitivity 
and likely response to potential threats. 
 
To that end, the bank type mapping of the Spring River was revised.  The bed is also an important 
part of these systems, with the distribution of gravel, sand and mud bedloads providing indication of 
present process and stream power.  A Van Veen grab was used to sample bedload in the Melaleuca 
area and in the Spring and Old (part) Rivers.  All mapping will be compiled for presentation after 
mapping of the other systems is complete. 
 
Landform mapping would be greatly aided by high-resolution aerial photography and a lidar derived 
DEM of all areas below the 10 m contour.  The current project budget does not allow for acquisition 
of this coverage.  No relevant lidar data is available and the existing aerial photography record is 
dominated by small scale photographs unsuitable for landform mapping, which requires a minimum 
scale of 1: 25 000 and ideally 1:10 000 or better.  The relevant coverage is indicated in Table 9, which 
shows that it is too incomplete to attempt any systematic study of landform change through time, 
although some investigation of change in the Melaleuca area will be attempted. 
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Table 9: Relevant aerial photography at a scale of 1:25 000 or larger. 

Year Basin Scale Coverage format

1948 Davey 1:15 840 part B&W

1948 Spring 1:15 840 part B&W

1974 Melaleuca area 1:8 000 complete B&W

1985 Melaleuca area 1:5 000 complete B&W

1988 All 1:25 000 complete colour

1996 Melaleuca area 1:8 500 part colour

1999 Old 1:5 200 part colour

1999 James Kelly Basin 1:5 200 complete colour

1999 Melaleuca area 1:5 000 complete colour

2010 Davey 1:24 000 complete colour

2010 James Kelly Basin 1:24 000 complete colour

2010 Hannant Inlet 1:24 000 complete colour

2011 James Kelly Basin 1:5 000 complete colour

2011 Hannant Inlet 1:5 000 complete colour

2015 Melaleuca area 1:400 part colour (digital)

2015 Hannant Inlet 1:400 part colour (digital)  
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5  Proposed program of works for financial year 2019-20 

 
Work will again be centered around a 10-day field trip to the area, tentatively scheduled for early 
February 2020, and include: 

• Erosion pin monitoring in Melaleuca Inlet and Creek, North River and Hannant Inlet. 

• Download instrumental monitoring data then move the datalogging system to either a small 
tidal tributary of the lower North River or the Old River / Swan Cove saltmarsh. 

• Collection of water samples to allow correlation of field measurement of turbidity with 
laboratory determined suspended sediment concentration, at both old and new 
instrumental monitoring sites. 

• Collection of sediment samples to allow laboratory analysis of bank geotechnical properties 
including composition and grainsize distribution. 

• Survey of selected channel cross sections. 

• Continued landform mapping. 

• Acquisition of photograph sets for construction of high-resolution digital elevation models 
and change detection at selected sites using the structure from motion technique. 

• On-going opportunistic condition assessment of sites potentially affected by visitor use. 

• Geomorphological investigation of unusual patterned tidal flats and the possible influence of 
microorganisms in their formation and maintenance. 

• Sediment coring and stratigraphic analysis at selected sites in order to establish geomorphic 
history as a guide to future trajectory. 

 
Due to the highly specialised nature of the work involved in the last two dot points above, including 
analysis of fossil foraminifera, diatoms and pollen, collaboration with external researchers is 
proposed.  A cost-effective approach is presently being developed with Dr Patrick Moss (University 
of Queensland (UQ)) as part of his broader studies of Tasmanian coastal marsh palaeoenvironments.  
Those have included a detailed, foraminifera-based reconstruction of palaeosea-level (Gehrels et al. 
2012) and an outstandingly high-resolution vegetation and fire history derived from fossil pollen 
(Moss et al. 2016), both developed from cores collected at Little Swanport.   
 
Work proposed by Moss in the Port Davey region but independent of the current project aims to 
examine environmental change over the last 500 years, particularly vegetation, climate, fire and sea 
level.  Outputs are expected to include information critical to land management, especially optimal 
fire regimes for long term maintenance of World Heritage values.  The current project will piggy back 
upon this work, extending sedimentary facies analysis to greater depth in order to encompass as 
much of the Holocene record as possible.  While many of the same tools will be used, a lower 
temporal resolution will be adequate to piece together the timelines of landform evolution. 
 
Collaboration with UQ will likely involve DPIPWE providing logistical support, local knowledge and a 
contribution towards laboratory costs in exchange for the specialised input of Dr Moss and 
associates (potentially including a graduate student).  Anticipated outputs include: 

• Identification of any biological entity (possibly diatoms, Weerman et al. 2012) contributing 
to patterning of intertidal flats; 

• Radiocarbon dating of key stratigraphic layers in cored sedimentary sequences to establish 
long term sediment budgets and rates of landform development; 

• Analysis of core sampled foraminifera assemblages, which occupy specific niches in relation 
to sea level, to determine relative sea level history; 

• Analysis of pollen assemblages from cores to establish vegetation and fire history and what 
plant communities may be associated with each of the various sedimentary facies. 
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• An X-ray diffraction core scanner will be used to analyse key geochemical elements and 
variation in sediment composition that may provide insight into coastal dynamics through 
time. 

 
Work on the patterned tidal flats will help quantify the values of these unusual landforms.  When 
combined with the outputs of other aspects of this project, particularly the landform mapping and 
instrumental monitoring, the collaborative work will greatly assist formulation of models of landform 
evolution and biogeomorphic interaction.  These will then be used to project likely response to sea 
level rise and other effects of climate change.   
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