supervising

scientist 19 ].
report

Saltwater intrusion and
mangrove encroachment
of coastal wetlands in the
Alligator Rivers Region,
Northern Territory,

Australia

) W W S e

Cobb SM, Saynor MJ, Eliot M,
Eliot | & Hall R

a: Australian Government

c Department of the Environment and Water Resources
Supervising Scientist



It is SSD policy for reports in the SSR series to be reviewed as part of the publications process.

This Supervising Scientist Report has been formally refereed by two external independent
experts.

SM Cobb — School of Earth and Geographical Sciences, University of Western Australia, Crawley
WA 6009, Australia

MJ Saynor — Environmental Research Institute of the Supervising Scientist, GPO Box 461,
Darwin NT 0801, Australia

M Eliot — School of Environmental Systems Engineering, Faculty of Environmental Engineering,
35 Stirling Highway, Crawley WA 6009, Australia

| Eliot — School of Earth and Geographical Sciences, University of Western Australia, Crawley
WA 6009, Australia

R Hall — Formerly Environmental Research Institute of the Supervising Scientist. Current address:
EcOz Environmental Services, GPO Box 381, Darwin NT 0801, Australia

This report should be cited as follows:

Cobb SM, Saynor MJ, Eliot M, Eliot | & Hall R 2007. Saltwater intrusion and mangrove
encroachment of coastal wetlands in the Alligator Rivers Region, Northern Territory, Australia.
Supervising Scientist Report 191, Supervising Scientist, Darwin NT.

The Supervising Scientist is part of the Australian Government Department of the
Environment and Water Resources.

© Commonwealth of Australia 2007

Supervising Scientist
Department of the Environment and Water Resources
GPO Box 461, Darwin NT 0801 Australia

ISSN 1325-1554
ISBN-13: 978-1-921069-03-1
ISBN-10: 1-921069-03-1

This work is copyright. Apart from any use as permitted under the Copyright Act 1968, no part
may be reproduced by any process without prior written permission from the Supervising
Scientist. Requests and inquiries concerning reproduction and rights should be addressed to
Publications Inquiries, Supervising Scientist, GPO Box 461, Darwin NT 0801.

e-mail: publications_ssd@environment.gov.au
Internet: www.environment.gov.au/ssd (www.environment.gov.au/ssd/publications)

The views and opinions expressed in this report do not necessarily reflect those of the
Commonwealth of Australia. While reasonable efforts have been made to ensure that the
contents of this report are factually correct, some essential data rely on the references cited and
the Supervising Scientist and the Commonwealth of Australia do not accept responsibility for
the accuracy, currency or completeness of the contents of this report, and shall not be liable for
any loss or damage that may be occasioned directly or indirectly through the use of, or reliance
on, the report. Readers should exercise their own skill and judgment with respect to their use of
the material contained in this report.

Printed and bound in Darwin by uniprint NT



Contents

Executive summary
Acknowledgments

1 Introduction and background

1.1 Research context

2 Factors contributing to saltwater intrusion
2.1 Wind and weather
2.2 Fluctuations in sea level
2.3 Morphology and landscape change on the coastal plains
2.4 Stream hydrology

2.5 Changes in mangrove distribution

3 Research objectives and methods

3.1 Changes to the distribution of tidal creeks and mangroves

4 Distribution of tidal creeks and mangroves: 1950 to 1991
4.1 Wildman and West Alligator River
4.2 South Alligator River
4.3 East Alligator River
4.4 Tidal creek extension

4.5 Spread in the distribution of mangroves

5 The headwaters of tidal creeks
5.1 Point Farewell
5.2 Munmarlary

5.3 Kapalga
6 Discussion and conclusions

7 References

vii

viii

11
20
23

23
24

27
27
27
28
33
34

34
34
38
40

41

45



Tables

Table 1 Tide levels relative to Darwin Chart Datum
Table 2 Relationships between the primary and secondary variables
Table 3 Information on aerial photographs used in the interpretation

Table 4 Soil electrical conductivity of samples at Point Farewell

Figures

Figure 1 The biophysical regional catchments
Figure 2 The Alligator Rivers Region including Kakadu National Park
Figure 3 Rainfall at Oenpelli

Figure 4 Wind direction, frequency and speed at Darwin from 1977 to
2004

Figure 5 North-westerly wind component of the wet season
Figure 6 Sea level at Darwin and the Southern Oscillation Index
Figure 7 Surges associated with tropical cyclones

Figure 8 Landforms of the Alligator Rivers floodplains

Figure 9 Tidal creeks in different landscape settings and a saline
basin resulting from incursion of a tidal creek

Figure 10 Tidal incursion of a back-swamp basin at Kapalga
Figure 11 Morphologic variations at the headwaters of tidal creeks

Figure 12 Wind transport of sediment may play a minor role in
deflating and lowering of dry basins during the dry season

Figure 13 Floodwaters and supratidal mudflats on the coastal plains
between the East and South Alligator Rivers

Figure 14 Planform variation in channel morphology in the estuarine
reaches of rivers in the Alligator Rivers Region

Figure 15 Location of the field study sites and dGPS maps of the
morphology at Point Farewell, Kapalga and Munmarlary

Figure 16 Tidal Creek extension and the extent of mangrove
encroachment on the Wildman River, 1950-1991

Figure 17 Tidal creek extension and the extent of mangrove
encroachment on the West Alligator River, 1950-1991

Figure 18a Tidal creek extension and the extent of mangrove
encroachment on the South Alligator River, 1950-1975

Figure 18b Tidal creek extension and the extent of mangrove
encroachment on the South Alligator River, 1984-1991

19
24
38

10
12

13
14
17

18

21

22

26

28

29

30

31



Figure 19a Tidal creek extension and the extent of mangrove
encroachment on the East Alligator River, 1950-1975

Figure 19b Tidal creek extension and the extent of mangrove
encroachment on the East Alligator River, 1984-1991

Figure 20 Changes in the network magnitude in the Alligator Rivers
region, 1950 to 1991

Figure 21 Spread in distribution of mangroves, 1950 to 1991

Figure 22a Tidal creek extension and the extent of mangrove
encroachment at Point Farewell on East Alligator River, 1950—
1975

Figure 22b Tidal creek extension and the extent of mangrove
encroachment at Point Farewell on East Alligator River, 1984—
1991

Figure 23a Tidal creek extension and the extent of mangrove
encroachment at Munmarlary on the South Alligator River, 1950-
1975

Figure 23b Tidal creek extension and the extent of mangrove
encroachment at Munmarlary on the South Alligator River, 1984—
1991

Figure 24 Tidal creek extension and the extent of mangrove
encroachment at Kapalga on the South Alligator River, 1950—
1991

32

33

35
36

37

37

39

39

40






Executive summary

The aim of research reported here was to determine the spatial extent and rate of saltwater
intrusion in the Alligator Rivers Region, in the eastern half of Van Diemen Gulf in Northern
Australia, and link the findings to similar surveys of the western Gulf. This required
examination of the tidal creek networks to identify their network patterns and growth rates.
An additional aim was to identify and describe morphology in the vicinity of the headwaters
of the tidal creeks to determine their potential association with parts of the estuarine reaches
of rivers subject to different tide versus flood discharge relationships. The potential for
interplay between large magnitude meteorological and oceanographic physical processes to
drive changes on the floodplains is also briefly examined.

The rate, spatial extent and geomorphological character of saltwater intrusion in the Alligator
Rivers Region have been determined from an interpretation of aerial photography available at
the time the research was undertaken in 1998. The research documents coastal change
associated with saltwater intrusion of the Alligator Rivers Region, and completes descriptions
of tidal creek and mangrove growth in streams debouching into the southern waters of Van
Diemen Gulf. The progress of tidal creek extension and mangrove encroachment of the
Wildman, West Alligator, South Alligator and East Alligator Rivers of the Alligator Rivers
Region was reconstructed from aerial photographs for the years 1950, 1975, 1984 and 1991
and mapped at a scale of 1:100 000.

Growth of tidal creek networks occurred in the eastern rivers of the Alligator Rivers Region,
particularly the Wildman River and South Alligator River. Changes in the spatial
characteristics and distribution of the tidal creeks and mangroves indicate that the saltwater
reach has significantly expanded along extending creeks since 1950 in a manner similar to
that reported from the western Gulf coast. Expansion of tidal creek networks occurred through
a combination of headward extension and tributary development. The most vigorous rates of
extension were along the low-lying palaeochannel swamps of the South Alligator and East
Alligator Rivers. Mangrove colonisation in an upstream direction has increased for the four
river systems examined.

It is possible the semi-enclosed basin of VVan Diemen Gulf, with its deep basin and broad
nearshore shallows along the southern coast, amplifies the effects of northerly monsoonal
winds, particularly strong northwesterlies, on water levels along the southern shore. Drier
than average wet seasons with strong onshore north westerly winds would be associated with
above average water levels in the southeastern Gulf and enhancement of tidal activity on the
flood plain surface. If this is so, then the changes observed along the southern shore would be
geographically restricted and subject to reversal with a return to more average and higher
rainfall conditions. The gradual, sustained increase in northerly winds over the historical
period supports this argument. Additionally, areas of saltwater intrusion at Point Farewell and
Kapalga show evidence of Melaleuca spp regrowth. This may indicate that saltwater intrusion
has occurred as part of the natural variability of the wetlands and the processes driving it are
contributing to raising the elevation of the floodplains through splay deposition at the
headwaters of the tidal creeks. However, these propositions cannot be tested without detailed
analysis of the post 1991 satellite imagery and aerial photography now available coupled with
long-term sea level observations from the Gulf, closer identification of the processes involved
and examination of the patterns of vegetation regrowth at a site level.

Key words: Alligator Rivers Region, saltwater intrusion, mangrove encroachment,
tidal creek, sea level
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Saltwater intrusion and mangrove
encroachment of coastal wetlands in the
Alligator Rivers Region, Northern Territory,
Australia

Cobb SM, Saynor MJ, Eliot M, Eliot | & Hall R

1 Introduction and background

The aim of research reported here was to determine the spatial extent and rate of saltwater
intrusion in the Alligator Rivers Region which occupies the eastern half of Van Diemen Gulf
in Northern Australia (Fig 1). A subsidiary aim was to link the research findings with similar,
previously reported, surveys of saltwater intrusion of freshwater floodplains in the western
Gulf to improve understanding of geographic variation in geomorphologic processes and
saltwater intrusion. The aims required examination of the growth rates and distribution
patterns of tidal creek networks associated with the estuarine rivers of the region.

As a basis for further investigation, an additional aim was to identify and describe the
headwater morphology of tidal creeks. This aim was adopted to determine whether
hydrodynamically dissimilar parts of riverine estuaries in the region (see Figure 14), with
different tide versus flood discharge relationships, are associated with depositional fans or
erosional gullies at the heads of tidal creeks (Woodroffe et al, 1987; Vertessy 1990). The
potential for interplay between large magnitude meteorological and oceanographic physical
processes to drive changes on the floodplains was also briefly examined.

Broad, low-lying coastal floodplains flank the southern shores of Van Diemen Gulf (Fig 1).
The elevation of the floodplains is very close to mean high water spring tide level (Vertessy
1990; Wasson 1992) such that substantial inundation occurs when ocean or river water levels
in the estuaries exceed the highest astronomical tide. The floodplains comprise contrasting
landscapes in the western and eastern parts of the Gulf. In the west, at Chambers Bay (Fig 1)
particularly, and along Finke Bay to the Wildman River, there are no rivers with well-
developed tide-dominated estuarine components. Here the floodplains are dominated by
extensive tracts of freshwater meadows, with billabongs and palaeochannels. Further east, the
lowlands of the Alligator Rivers Region are comprised of floodplains adjoining large river
systems. The largest is the South Alligator River with a catchment area of approximately
11 878 km?2 and a tidal reach extending up to 105 km inland of the coast.

During the past 50 years, freshwater meadows and billabongs of the floodplains in
Van Diemen Gulf increasingly have been subject to saltwater intrusion, principally through
landward extension of tidal creeks (Chappell 1988, Bayliss et al 1997). The problem has been
especially apparent on pastoral leases in the vicinity of the Mary River (Knighton et al 1991,
1992, Woodroffe & Mulrennan 1993) and has been attributed to the impact of buffalo in
tracking across low levees along tidal creeks and linking the creeks to palaeochannels.
However, interactions between very large magnitude meteorological and oceanographic
processes are more likely to be major drivers of floodplain development (Winn et al 2006).



The character and regional extent of saltwater intrusion around the shores of Van Diemen
Gulf and elsewhere in the wet-dry tropics of Australia is largely unknown. Incursion of tidal
creeks into freshwater meadows on the floodplains of Chambers Bay is apparently driven by
wet and dry season differences in the relative intensities of sea-level, tide and flood
conditions, with flood channels scoured in the wet season and subsequently dominated by
tidal flows in the dry season. This is arguably not different from the Alligator Rivers Region
although effects on superficial landforms may be very different. For example, markedly
different tide versus flood discharge relationships and morphologies occur along the estuarine
reaches of rivers in the Alligator Rivers Region compared with the tidal creeks of Chambers
Bay (Chappell 1988). As a result the manner in which tidal networks have expanded
apparently differs for disparate reaches of the river estuary.
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Figure 1 The biophysical regional catchments (adapted from Woodroffe & Mulrennan 1993)



1.1 Research context

The Alligator Rivers Region encompasses the catchments of rivers draining into Van Diemen
Gulf between Point Stuart and the eastern bank of the mouth of the East Alligator River
(Fig 2). It lies to the east of Darwin (Fig 1); includes all of Kakadu National Park — a reserve
of World Heritage significance; and is part of a biophysical region encompassing all coastal
wetlands from Cape Hotham to the western flank of the Coburg Peninsula. Rivers with long
tidal reaches include the Wildman, West Alligator (Marangarrayu), South Alligator and East
Alligator Rivers. Evidence of recent tidal creek extension and problems associated with
intrusion of saltwater into freshwater environments has been observed and described within
the literature for a number of rivers debouching into Van Diemen Gulf, including the Mary
and South Alligator Rivers.
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Knighton et al (1991) have documented dramatic changes to the lower Mary River
floodplains associated with upstream expansion of the dendritic tidal creek network since
1950. Tidal creek expansion has resulted in the reimposition of a saltwater influence on the
floodplains (Knighton et al 1991). Saltwater has invaded low-lying freshwater wetlands,
destroying the associated vegetation and causing dieback of large areas of Melaleuca
(paperbark) spp.

From a comparison of 1950 and 1983 aerial photography, Woodroffe et al (1986), Fogarty
(1982) and O’Neil (1983) identified evidence of recent tidal creek extension and saltwater
intrusion on the South Alligator River floodplains in the Alligator Rivers Region. Several
tidal creeks have extended headward towards freshwater wetlands of the floodplains.
Mangroves have encroached on creeks that have become more tidally active. Areas of upper
intertidal higher level mudflats have expanded apparently due to more frequent tidal
inundation. Woodroffe et al (1986) noted areas of dead Melaleuca spp swamp as evidence of
saltwater intrusion into freshwater billabongs and swamps via the extending creeks.

Similar observations of Melaleuca spp dieback have been observed on the Magela Creek
system of the East Alligator River (Williams 1984). From comparison of aerial photographs
taken in 1950 and 1976, 38% of the perennial freshwater forest, dominantly Melaleuca spp
that covered almost 60% of the floodplain in 1950, suffered significant loss. The changes in
Melaleuca spp forest density was attributed to factors other than plant succession and
sediment accumulation in the swamp, although saltwater intrusion was not specifically
identified as a causal effect. Lowry & Riley (2004) subsequently found a further 21%
decrease in the overall density of Melaleuca spp between 1976 and 1996.

2 Factors contributing to saltwater intrusion

Several very large magnitude physical factors determine biophysical changes on the
floodplains and contribute substantially to the estuarine processes driving intrusion of salt
water into the coastal lowlands and formation of the coastal plains. They include variability of
climate, fluctuation in sea level, stream hydrology and morphology of the coastal plain. In
turn, these contribute to secondary processes affecting the stability of tidal creeks, such as the
distribution of vegetation communities and human use of the coastal plain. All factors require
further field survey and closer examination. In particular, evaluation and modelling of the
fresh and saline water interface requires a well surveyed long profile as well as surveyed
channel cross-sections to identify channel width and depth in a manner similar to the surveys
conducted by Vertessy (1990) in the South Alligator River for numerical modelling and a
fuller appreciation of processes affecting the development of tidal creeks.

2.1 Wind and weather

Three features of the regional climate are of direct relevance to the hydrology of tidal streams:
the seasonal rainfall pattern; changes in wind direction, including the frequency and the
incidence of tropical cyclones and associated storm surge. Rainfall relates to run-off from the
floodplains as well as water level within the main river systems. Winds, including those
generated by tropical cyclones, affect waves, water levels at the coast and currents in the
estuarine reaches of the rivers. Unfortunately, no wave statistics are available for the
southeastern part of Van Diemen Gulf. However, the wave regime is unlikely to be a
significant factor in the narrow riverine estuaries of the Gulf. In the sheltered waters of the
Gulf, and especially because the shore is flanked by a broad, shallow sub-tidal terrace, the
most significant processes affecting salt water intrusion of the coastal lowlands are those





