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Executive summary

This report outlines preliminary findings of vegetation change analyses for Boggy Plain using
remote sensing. Results are presented and discussed in two parts: (1) an assessment of
contemporary changes based on remotely sensed imagery collected in 2002 and 2003; and (2)
an assessment of longer-term change based on interpretation of aerial photography from 1950
and 1991.

Ground surveys showed substantial changes in vegetation-habitat cover as a result of
traditional dry season burning of dense Hymenachne grassland in late 2002. QuickBird™
satellite imagery provided a high-resolution product suitable for detailed vegetation cover
mapping and monitoring to assess the extent and form of these vegetation changes at the scale
of the whole floodplain. Image analysis indicated that fire not only reduced the extent and
density of Hymenachne, thus creating an environment more desirable for hunting, but also
produced a more diverse range of vegetation habitats. In contrast to Hymenachne, which was
reduced by some 40%, Eleocharis sphacelata appeared to be resilient to fire, showing no
discernible changein its distribution in areas that were burnt.

Longer-term vegetation cover patterns interpreted from aerial photography exhibited a
number changes. Of particular note was the increase in number and long-term persistence of
Buffalo swim channels.
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Vegetation change analysis on Boggy Plain,
South Alligator River, using remote sensing:
Report on preliminary analyses

J Boyden, P Bayliss, R Kennett, P Christophersen, V Lawson, S McGregor
& G Begg

1 Introduction

Boggy Plain is a major freshwater wetland located on the South Alligator River Floodplain .
It supports many freshwater flood plain vegetation communities typical of Kakadu National
Park, and a diversity of wetland fauna. Additionally, Boggy Plain and associated wetlands to
the south comprise one of the most important dry season refuges for magpie geese in the
Northern Territory. In some years, up to 85% of the total Northern Territory magpie goose
population have gathered to feed at Boggy Plain. Boggy Plain is aso an important area for

Aboriginal people who hunt geese and long-necked turtle, and collect water plants and other
floodplain resources. The use and management of this important wetland by Traditiona
Owners represents many of the natural and cultural values of Kakadu.

The study forms part of a more comprehensive ecological risk assessment of Boggy Plain being
undertaken at €risS in collaboration with Kakadu Aboriginad land managers Peter
Christophersen, Violet Lawson and Sandra McGregor and Parks Australia North (PAN). In
particular, the project arose out of concerns for the poor condition of natural resources on this
wetland by Bininj, for example the decreased assess to hunting resources and a decline in plant
and animal diversity because of a dominance of Hymenachne monocultures. It is thought that
the high density of Hymenachne developed as a result of a prolonged spell, of some 10 years,
without burning (Christophersen, pers com, 2003); a period a so where buffalo were not present.
With the plan to burn the Hymenachne grasslands an opportunity was presented to assess
vegetation change due to fire through the timely capture of remote-sensing (RS) data.

This report presents a proposal and preliminary findings for the use of RS to assess the
dynamics and extent of change in vegetation structure on Boggy Plain, South Alligator River.
Additionally, this study complements the €SS ISP landscape assessment of mining impacts
on the Magela Catchment by providing a comparison of change in a wetland isolated from
potential mining impacts.

Floodplain vegetation responds to various environmental influences such as fire, seasond
hydrology, invasive plants and animals, season and climate. It is unknown how these factors
interact and how the physical structure of Boggy Plain influences these interactions.
V egetation change occurs over different temporal and spatial scales, such as the considerable
seasonal variation observed from year to year in vegetation composition and structure. In
contrast change occurring over longer timeframes may be more subtle. It is therefore
important to distinguish between changes due to seasonal influences and other factors such as
fire, invasive species and longer-term climatic changes or cycles.

The aims of this study are to use RS in conjunction with ground based survey information to
monitor major changes in floodplain vegetation composition and structure at Boggy Plain
over different spatial and temporal scales. The main aim of this component of the Boggy
Plain project isto assess vegetation change using:



e Historic aerial photography data over the period 1950 to 1991 using traditional
interpretation techniques;

e Landsat™ satellite imagery; and

e Acquisition of real-time, high resolution, satellite data (QuickBird™ & HYMAP™ ) in
conjunction with ground based survey information.

More specifically, the degree of vegetation change will be assessed in relation to seasonaly
dependent cycles and in response to fire regimes or other disturbance factors (eg hydrology,
invasive species).

The results of this study will be used to develop cost-effective RS techniques to monitor and
assess floodplain vegetation over entire catchments. Spatial models may then be developed to
predict change in response to events such as fire, hydrology and invasive species impacts.
Such models may provide a decision support framework for resource managers and is
considered an important long-term spin-off from this work.

Results are presented and discussed in two parts. Part | provides an initial assessment of the
capability of different RS products to discriminate between key wetland vegetation
communities on Boggy Plain and the surrounding region (ie Hymenachne vs. Eleocharis). An
assessment of changes in floodplain vegetation observed from September 2002 to May 2003
that may be attributed to the impact of prescribed burning and seasonal cycles is aso
presented. Part 1l presents an assessment of longer-term change interpreted from 1:25000
aerial photography from 1950 and 1991. This section also examines regiona environmental
trends that may have influenced vegetation change in the period 1959-1999 by providing a
review of the literature, weather and oceanographic conditions, and land use history.

2 Methods

The methods referred to here relate principally to Part I, contemporary change analysis. For
Part 11, George Begg used traditional aerial photo interpretation techniques for the assessment
of longer-term change and then observed changes were discussed in relation to available
historic data.

2.1 Delineation and monitoring of floodplain fire-scars

Fireisamajor factor influencing vegetation distribution in the tropics, hence it is necessary to
consider how spatial information can be collected on fire frequency and intensity. Fire scars
mapping using Landsat™ data is conducted by the Bush Fires Council (BFC) for PAN but is
principally undertaken to monitor terrestrial landscapes in Kakadu. Further, Landsat provides
only coarse resolution data (30-80m pixel size) and no ground validation has been
specifically undertaken for Boggy Plain. Nevertheless this is the only historic spatial dataset
that provides a fire history on Kakadu since 1991, therefore these data will be reviewed for
potential use for monitoring the extent and frequency of fires on Boggy Plain.

Methods for fire-scar mapping at Boggy Plain are still in the developmental stage. A
preliminary fire-scar survey was undertaken by Rod Kennett (PAN) using aeria GPS
surveying in October 2002 to determine the extent of burning prescribed in September 2002.
This generalised fire-boundary, showing the overall extent of burning, isillustrated in Figures
4,6 and 7. A peculiar characteristic of wetland fire regimes is that the same area can be burnt
multiple times over the course of the dry season. This is because grasslands on wetlands
continue to dry out over the dry season period allowing more fuel to become available, thus
providing the potential for the same area to be burnt again. Further monitoring work to



determine burn frequency and intensity patterns at established vegetation monitoring transects
on the ground in 2002 was undertaken by Peter Christophersen, Violet Lawson and Sandra
McGregor. These datawill be essential in assessments of fine-scale differences between areas
burnt a different number of times.

2.2 Ground data collection

Two vegetation surveys have been undertaken at Boggy Plain, one in the late dry season of
2002 before burning commenced and again (after burning) in the early dry season of 2003,
and are used here to calibrate RS captures. The methods used to collect spatially referenced
ground-based data are described in Bayliss et a (2003). The intensive acquisition of ground-
based data allows an assessment of what vegetation features can be discriminated by different
RS products with different spatial and radiometric resolutions. This information will be used
in a cost-benefit analysis of the efficacy of different RS products in providing useful
information for resource managers.

2.2.1 Image registration and integration of ground-level sampling effort

Six Ground Control Points (GCPs) were established across Boggy Plain to allow precise co-
registration of future multi-temporal imagery. The geo-registration of the image to accurate
ground control points aso facilitates accurate cross-comparison of ground data with
subseguent image interpretation, classification and accuracy assessment.

Ground control targets consisted of 2.7 m x 2.7 m sheets constructed of builders sisalation
material. The reflective aluminium surface was placed facing upwards at each site and fixed
to the ground using tent pegs.

Targets were placed at strategic locations (eg near to monitoring transects) and distributed
evenly across Boggy Plain to ensure spatial consistency between imagery and the
corresponding ground-truth data. A differential GPS, using an Omnistar™ reference satellite,
was used to geo-reference GCPs to sub-meter precision. Geometric correction of the image
was then obtained by assigning real coordinates to targets identified on the image.

2.2.2 Surveys of vegetation and bathymetry

Detailed vegetation surveys were undertaken at nine permanently established 200 transect lines.
Datawere collected at 20 intervals on these transects and methods are described in Bayliss et al
(2003). A broader-scale assessment of vegetation communities was undertaken along two east-
west orientated ground transects, each of approximately 7 km in length. These were chosen a
priori from RS captures so that major plant communities were intersected. Using an airboat and
GPS, vegetation was described aong each transect at either 100 or 200 intervals (depending
upon the uniformity of vegetation) and, a boundaries between different vegetation
communities. Water depth was measured also a each sample point. A number of known
locations were chosen from the satellite image to validate image interpretation, and further
depth profile surveys were undertaken to improve the scope of data collected in the initia
ground survey. Some depth measurements were taken at the same sites as in the April 2003
survey so that these data can be compared. Depth data were then used to generate a bathymetric
map that will be used to explore rel ationships between vegetation distribution and depth.

2.3 Remote sensing sources

There are a variety of RS products available which provide information covering a range of
spatial and temporal scales (and costs). The resolution of imagery (ability to detected specific
features) is determined by spatial and spectral resolution, and the spectral range of the sensors



used. These properties need to be considered when determining the usefulness of the product
for monitoring. This section summarises RS data available for Boggy Plain that can be used
to assess change over different temporal and spatial scales.

2.3.1 Aerial photographs (1950 /1991)

Sequentia aerial photography is areliable means of monitoring vegetation change but is also
labour intensive. A record of historical vertical aerial photographs captured for Boggy Plainis
provided in Appendix 1. Traditional aerial photography interpretation techniques were used to
assess vegetation change of the Boggy Plain area. This initial assessment was based on a
visual interpretation of 1:50 000 black and white photos taken in 1950, and 1:25 000 colour
photos taken in 1991. Both sets of photographs were available and were also the earliest and
latest aerial photographs.

2.3.2 HYMAP™ hyperspectral image (20" September 2002)

This image was collected opportunistically and provides an image of Boggy Plain in the late
dry season of 2002, before burning occurred. Spatial resolution of the image is at 4.5 m pixel
size and hyperspectral coverage is provided over the solar wavelengths (0.4-0.5 pum) using
124 spectral bands. Only a preliminary analysis of this image has been provided in this report
using visual interpretation of a true-colour composite image. Geo-rectification still needs to
be undertaken on data.

2.3.3 Landsat TM™ imagery

Full  technical information on the Landsat program can be viewed at
http://www.ga.gov.au/acres/prod_ser/landdata.htm and a summary of this has been provided
in Appendix 2. Data are of a coarse spatia resolution (30 m to 80 m pixels for MS bands,
depending on sensor), but provide a much wider affordable coverage than higher resolution
products, so may be useful for cost-effective detection of broader-scale regional change.

The data set immediately available at eriss is that acquired by the NT Bushfire Council
(BFC) annually between 1991 to 2002 (Appendix 2). Individual scenes have not been
assessed for suitability. For example BFC data do not necessarily contain all band layers,
some scenes do not cover Boggy Plain at all whilst others may be affected by anomalies such
as cloud cover. In order to measure both inter-annual and intra-annual changes, it is suggested
that data also be selected using consistent quality criteria.

A preliminary interpretation of a Landsat image of Boggy Plain captured in October 2002 was
undertaken using unsupervised classification and principal components analysis.

2.3.4 QuickBird™ Imagery

The high-resolution RS product that has been chosen for ongoing monitoring is QuickBird™
Satellite imagery (multispectral/ panchromatic bundle). The initial scene for Boggy Plain was
captured on 5™ May 2003. It is proposed that the same area will be captured again at a similar
time of year in 2005. The area purchased (87 km?) on the first occasion constitutes only a
portion of the full scene captured (225 km?), which extends north from Boggy Plain
(thumbnail JPEG image shown in Appendix 3.). The full scene has been archived by Digital
Globe and will be available at a discounted rate.

The standard map-registered product that has been obtained was checked against dGPS
locations taken for ground control targets in the field. All targets were identified on the image
within 1 or 2-pixels (4m) of dGPS points indicating that registration of the standard
QuickBird™ product was very good. Ground control will be used in conjunction with a



digital elevation model produced from 1:25 000 aerial ortho-photos to ortho-rectify image to
sub-meter precision.

A comprehensive description of the specifications of these datais provided in the ‘* QuickBird
Imagery Products; Product Guide' that can be downloaded from
http://www.digital globe.com/products/standard.shtml.

2.4 Imagery analysis and interpretation

The following preliminary maps were derived from 2002 and 2003 imagery provided by
HYMAP, Landsat, and QuickBird™ data:

e True Colour Composite images (HY MAP and QuickBird™ );

e Unsupervised classification of the floodplain area (Landsat only);

e Calculation of the Normalised Difference Vegetation Index (Landsat only);
e Supervised classification (QuickBird™ only).

Interpretation and analysis of images was undertaken using available ‘ground-truth’ data
collected between September 2002 and July 2003. Peter Bayliss took hand-held video coverage
of Boggy Plain from ahelicopter in September 2002 as an additional validation source.

A Normalised Difference Vegetation Index (NDVI) image was produced from the Landsat
image. The NDVI1 is a useful index because it enhances diagnostic differences between green
vegetation and senescent vegetation or bare ground (Campbell 1996), and also highlighted
areas of open water on Boggy Plain

Using the ‘region of interest’ tool on ENVI™, the floodplain boundary was manually digitised
and then used as a mask to create two independent files: one containing floodplain vegetation
only and one containing terrestrial vegetation only. This separated the discrete spectral
variances associated with both landscape types, thus allowing more accurate classification.

2.5 Change analysis

A pixel for pixel change analysis was undertaken by overlaying two co-registered class maps
(time 1 + time 2) to produce a third image delineating areas of no change from areas where a
change is observed. The type of change can then be quantified for each map classes
depending on the class overlay combinations that are produced.

The basic assumption of digital change detection is that a difference exists in the spectral
response of a pixel on two dates if the biophysical materials at the location have changed
between dates. However, given the large seasonal change in spectral reflectance properties
that are often observed for particular vegetation types, it is often necessary to first interpret
and then classify the image based on this knowledge (and information on the seasonal spectral
variation for key plant types if available), and produce standardised map classes before
change detection is undertaken.

An initial assessment of change in response to fire was undertaken by mapping vegetation
cover for areaillustrated in Figure 4. Vegetation class maps were produced from the pre-burn
(HYMAP) image and the post-burn (QuickBird) image and the fire-scar boundary was
overlaid on both pre- and post-burn maps. Percentage cover for each vegetation type was then
calculated for both the ‘burnt’ and ‘unburnt’ portions of the ‘before’ and ‘after’ images. In
essence the ‘unburnt’ area of the test site acted as a control for assessing the impact of fire
(Figures 7 & 8).



2.6 Quality control

After aland cover class map is produced for a particular time, a subset of random points is
then selected for each map class to be revisited in the field as near to the time the image was
captured in order to validate classification accuracy. This process is an integral part of the
validation procedure once classification strategies are formalised.

3 Preliminary results

Results are presented in two sections. The first outlines results from contemporary data (2002
to 2003), while the second section outlines results from the preliminary assessment of longer-
term changes based on aerial photo interpretation and an overview of the literature.

3.1 Part I: Contemporary changes

Results are presented in chronological order to help differentiate vegetation change from fire
and seasonal effects (Table 1).

Table 1 Summary of image capture dates for different sensors (pan= panchromatic; MS= Multispectral)

Image Pre-/post-fire Season Acquisition date Resolution (m)
HYMAP Pre-Fire Late dry season 20/09/02 4.5

Landsat Post-Fire Late dry season 10/02 30

QuickBird Post- Fire (after one wet season) Early dry season 03/05/03 0.65 (pan) 2.44 (MS)

3.1.1 Late Dry Season ‘Pre-burn’ HYMAP image (20‘h September 2002)

The Hymap image (Figure 2) was captured before burning occurred where the area east of the
fire boundary line was burnt. This area consisted of large homogeneous stands of
Hymenachne grassland (extensive uniformly green areas with little texture). A large region of
turbid open water coloured grey/yellow is also shown. Within this region there appearsto be a
gradient of change where the grey colouration becomes darker further east. This open water
region is associated with Eleocharis dulcis, which emerges over the wet season to form dense
cover. By the late dry season senescent Eleocharis has decomposed to leave turbid open
water. Smaller areas of deep open water are show as dark regions.

3.1.2 Late Dry Season ‘Post-burn’ Landsat image (October 2002)

Landsat imagery clearly separated areas of ‘open-water’ from vegetated areas (Figure 3). The
large area of open water populated by Eleocharis earlier in the year is evident, and is similarly
demonstrated in the pre-burn HY MAP image. However, relative to the pre-burn image, open
water regions have increased in areas that were burnt.

NDVIs (or greenness indices) indicate that vegetation is actively growing in recently burnt
areas (Figure 3). An area of dense Hymenachne that did not burn (adjoining the lower south
eastern boundary of the large open water area) has the highest NDVI.

Unsupervised classification of the Landsat TM image showed that there is potential to classify
wetland vegetation types on Boggy Plain and other wetlands in the Alligator Rivers Region
(Figure 1). The area of senescent Eleocharis/turbid open water (see Section 3.1.1) is
associated with the blue and purple coloured classes. The mud flats, tidal areas and salt-
tolerant vegetation associated with this zone appear to classify into several discrete classes.
Further ground-truthing is needed to validate cover types for these image classes, nevertheless
apreliminary interpretation is provided.



3.1.3 Early Dry Season ‘Post-burn’ QuickBird image (5Ih May 2003)

Major vegetation communities on Boggy Plain could be discriminated using QuickBird™
imagery. Each community type is described below with respect to its potential to be mapped
by QuickBird in order to monitor and assess the effects of fire.

Hymenachne Grassland

Dense Hymenachne grassland (Plate 1) was typical of many areas that had not experienced
fire for some ten years (Christophersen, pers com). QuickBird satellite imagery clearly
resolved this grassland (Figures 4-6), which consisted of a mixture of actively growing
vegetation and a build-up of dead grass. The grassland provided the main fuel source for
floodplain burning. Results from the fire-scar mapping indicated that fire modified
Hymenachne monocultures and replaced them with a more diverse range of community types.
Hymenachne was still present in these areas but its cover was greatly reduced. Dense stands
of Hymenachne may be aindicator that areas has not been burnt for a substantial period, and
these areas often had encroaching stands of Melaleuca saplings, perhaps indicating
successional change in the absence of fire.

Platel Dense Hymenachne acutigluma grassland, with encroaching Melaleuca saplings. UTM map-grid
reference East 230332, North 8611187 (WGS84, zone 53). July 2003

Oryza spp grassland

The annual, Oryza meridionalis or Wild Rice (Plate 2) was clearly resolved by QuickBird
satellite imagery (Figure 6). In general most of the Oryza observed at the time of ground-
truthing (3 weeks before imagery was captured) had seeded and was in a senescent phase.
This may have accounted for the high reflectance signature observed on QuickBird imagery
for Oryza. It is difficult to assess the influence of fire on Oryza distribution due to lack of
seasonal data. Nevertheless, Oryza was observed to occur in areas where Hymenachne density
had been reduced by fire in the previous year. However, it remains uncertain where rice
density hasincreased or decreased. The largest stand of Oryza occurred in the shallower water
region of the Plain to the west, which remained unburnt the previous year. Oryza aso
occurred in relatively high densities at some of the monitoring sites that were dominated by
Hymenachne before burning the previous year.

Red Lotus Lilies (Nelumbo nucifera)
Red Lotus Lilies (Plate 3) were clearly resolved by QuickBird satellite imagery (Figures 5-6)
and occurred in densities generally ranging from 50-100%. They were found at the fringes of



several small areas that had relatively deep water. Three sub-classes of this community could
be distinguished: 1) Nelumbo with an ‘open water’ understorey; 2) Nelumbo with an
understorey of low density Hymenachne (10-30%); and Nelumbo with an understorey of low
density E. dulcis (10-30%). Gradients between these types are apparent on the satellite
imagery but have not yet been classified as separate map classes. Nelumbo may have
colonised large areas of floodplain previously inhabited by dense Hymenachne before
burning. This increase was not apparent in areas of Hymenachne that were unburnt.

Plate 2 Flowering Oryza meridionalis grassland (Wild Rice) in foreground, with senescent
Aeschynomene spp. visible in the background. UTM map-grid reference 235042 east, 8607380 north
(WGS84, zone 53). April 2003

Plate 3 Nelumbo nucifera (Red Lotus Lilies) is a dominant plant community at Boggy Plain
in the early dry season

Eleocharis

Eleocharis dulcis could be resolved by QuickBird satellite imagery but appeared to form two
spectrally distinct groups dependent on growth-form: 1) That inhabiting deeper water in
unburnt areas, characterised by dense cover and thicker stems (>4 mm) and a vertical growth-
form; and 2) that inhabiting shallower water in areas that had been burnt in 2002,
characterised by a dense cover of thin stems (<4 mm) often lying horizontal to the surface.
The latter form expanded into areas that were dominated by Hymenachne previously.



Eleocharis sphacelata could also be distinguished from the more common E. dulcis using
QuickBird imagery. E. sphacelata occurred in fairly discreet patches with smaller patches
(<50 m) forming a characteristic circular shape (Plate 4). There appears to be little change in
the extent E. sphacelata in areas that had been exposed to fire. E. sundaica has a near
identical growth form to E. sphacelata and so was not possible to distinguish. However, it
was much rarer (found only one small patch across all surveys).

Plate 4 The boundary between the deep water form of Eleocharis dulcis (left) and E. sphacelata (right)
could be clearly distinguished by QuickBird imagery. UTM map-grid reference 230711 east, 8607659
north (WGS84, zone 53). July 2003.

Open water and Nymphaea/ Nymphoides Lily species

Nymphaea and Nymphoides Lily species could be defined as a single map class by QuickBird
imagery (Plate 5) and were generally associated with fringes of open water that were also
differentiated. Both ‘open water’ and ‘other lilies' increased in extent as aresult of fire. Areas
of ‘open water’ often had the high densities of submergent macrophytes (Najas spp.,
Utricularia spp., and Hydrilla venticillata), which were aso present in other plant
communities but in far lower densities. Open water areas sometimes tended to be deeper
relative to areas covered by emergent vegetation.

Plate 5 Areas of open water and fringing water lilies (Nymphaea spp.) resolved by QuickBird imagery



200z 13go100 ui painides abewl 1e spueT wolj paALap
‘(1any 10186111 yinos) uoibai albuenoN-ure|d ABBog ayi Jo sadAl rengey/uonelaban puejiam Juaiayip Yum parerdosse sasseld dew Jo AesanQ T ainbiq

spuejafpss jueIalol Jes

Ste|} aulfes/srepnw urejdpooi4 A l

uonelaban puejsseld Buimolb Ajlaanoy

punoJb 19M/SLeY209[T USISBUSS A l

:S9sSe|d
J0 uonelaidiaiul Areulw@id

10



"s109suel] Buniojuow uonelaban Jo uonisod ayedlpul saull pay (8 ® 2 Sainbi4 9as) an|q ul papunoq ease ay) 1o}
paulWIalap sem ail 0} anp abueyd "dvINAH Buisn (¢00z Jaquiaidas ,0¢) uosess Aip are| ays ul paindes ureld ABBog jo abeuwr uing-ald ¢ ainbi4

sjoasuel] Bulioyuop —
eale Juswssasse abueysr
Atepunoq a4 —
(200z 3das :Buiuing aiojeg )
uie|d Abbog

11



pareiualio yuou si abew| ‘mojjeA = uoneiaban uaalb jo sjans| ybiy pue
‘seare abuelo/pal = uonelahan uaaib Jo s|ans| aresapow ‘seare uaalb = uonelaban usalb apml| ‘1arem uado Yum paleldosse ase seale asayl urejdpoo)) ayl uo pue
3oe|q ul ase uoneiaban (buial) usalb ou Jo suoibay *(200z 1290190Q) abewl yespue] uing-1sod wol paonpoud dew (xapul ssauuaalb) INQN € 2inbi4

12



(8 % 2 sainbi4 9as) an|q ul papunog eaJe ayl 1o}
paulwIalep sem aiy 0} anp abueyd g ainbi ur parensn|ii v, dejn 19sul Wwoly 'e1aqa "e00g AeIN Jo ;G dur uo painided ureld ABBog Jo abewi ayjjares pagydINYd uing-1sod ¢ a.nbi4

T R % K+ 3. B g «.ﬁm@ ; &k L S o

13



‘suadaulds siydeiopnasd pue ‘sa

"Spueq paJseljui-leaN pue uaalb ‘pal Jo ausoduwod INojod-asje

eaeydwAN ‘elayonu oquiniaN ‘ewn|finoe auydseuswAH

s19|np sueya0a|3 buimoys ( ainbi) v,

dew jasul woly releg g ainbi4

14



"UONRIIISSE|D WOJ) PaNIWO OS|e a1am (pue|sse.B afesisne wnwaeyods| pue

puejaBipas snjfisuquii4 Buipnjour) 1Sem Jey ay) 01 Sealy ‘PalISSEIISIW Usad dABY UYINS Sk pue UONBIISSE[O WOoJj PaNIWO a1om Saal) 1ey) 310N

“wilAN3 U0 wyoBe Jayisse|d pooydyIT wnwixe syl yum yoeoidde uoneayisse|o pasiatadns Buisn pajelausb £00g AeiN G 10} dew Jengey-uonelahion uing-1sod 9 ainbiy

sjoasueu] Buuopuop —
eaJe Juswissasse abueyor
seaJe juinqun

Arepunoq a4 —

sijeuolpriaw ezA10
Jajem uado Jewnjbnnoe suyoeuswAH @m
‘dds saproydwApy s eseydw AN ejejooeYdS S1iey209]3
eJ4ay1onu oquinjaN SI19|np sey203|3 [l
:sasse|) depy

(002 Aep "mc_ES layvy)

uie|d Abbog

15



‘g 9InBi4 ul pawasald ale synsal pue weibelp Siy) Ul Bale JuINquUN pue JuINg ay) Yo 1o} paredwod sem sassed Janod Jualagyip ul abueyd abejuaolad ay ‘(3oe|q) aull Arepunod
aJl ays Jo yinos sal| uoibas juing ayl ‘(% Z sainbi4) eale Juswssasse abueyd ayy wolj (€002 Aen) aliy Jaye pue (zoog 1das) aiojaq paniasqo 1anod uonelabap /2 ainbi4

[SEYE] pueT] l elajlonu

ULION oo]m N p ogwinjaN
d elejaoeyds

< 1918 USAO sueyo0a|g
saploydwAN ewn|bnnoe

Arepunoq a.14 / eaeydwAN l suyoeuswAH

sasse|n depy

(zooz Aen :paignond) (zooz 1d8Ss :dVINAH)
NYNg Y31V NYNg 340439

ok JuoWSsSasse mmcm;o

16



100

80

60

40

Percentage cover

20

100

80

60

40

Percentage Cover

20

Hymenachne Nelumbo nucifera Eleocharis Open water Nymphyaea /
sphacelata Nymphoides

Figure 8 Vegetation cover compared between burnt and adjacent unburnt areas, at September 2002
(before burning) and at May 2003 (after burning) calculated for the area illustrated in Figures 2 & 4.
Vegetation cover characteristics of the burnt area (200 ha), before and after burning are indicated on the
top graph, while the bottom graph shows percentage cover observed in the unburnt ‘control’ region
(65 ha) at the same times.



3.2 Part Il Results: assessment of long-term change using aerial
photography (1950 & 1991)

This section of the report was written by George Begg.

3.2.1 Overview of past research

Cobb 1988 and Cobb et al 2000

Using historical aerial photos from the years 1950, 1975, 1984 & 1991, Stephanie Cobb’'s
main focus was tidal creek / mangrove expansion as evidence for saltwater intrusion in the
South Alligator estuary. Field sites at Munmarlary (6 km downstream of Boggy Plain) and
Kapalga creek (6 km upstream of Boggy Plain) were given specia attention. She found that
over the period 1950-1975 there was significant growth / expansion in the extent of the tidal
creek network along the South Alligator estuary. Growth of the tidal creek network was
particularly evident within the confines of pre-existing palaeochannels / palacomeanders and
the most rapid period of mangrove growth was post-1985.

Wurm 1998

Penny Wurm'’s study of wild rice (Oryza meridionalis) on Boggy Plain was undertaken
between December 1992 and May 1994. It was an autecological study, which investigated the
attributes of the life cycle of Oryzathat determine and regulate its distribution and abundance.
A ‘fate of seed’” approach was adopted (ie particular emphasis was given to the weight of
seeds produced, seed loss, seed predation, soil seed banks, seed counts, seed longevity,
influence of inundation and population modelling).

3.2.2 Geomorphological influences

From a geomorphological point of view Boggy Plain, which is approximately 64 km? in size,
may comprise two distinct units that appear to be separated by a fault line (or possibly a sub-
surface sill). This feature runs in a NW-SE direction through the Plain, approximately 5 km
east of the South Alligator estuary (Figure 10). To the west of this feature, which appears to
act as a natura divide, the Plain is influenced by the flood-flows and tidal-flows associated
with the lower reaches of the South Alligator river system. Lying adjacent to the South
Alligator estuary, the soils of the western unit are salinised.

To the east of the fault line the Plain comprises a freshwater-influenced, self-contained basin
supplied by water from several unnamed tributaries draining a 420 km2 watershed. According
to Wurm (1998) the pH of the dark cracking clays (vertisols) on Boggy Plain isaslow as 3.5
in the dry season, more typically 4.5, and neutral in the wet season when fully inundated.
There are alarge number of small depressions (old buffalo wallows?) scattered throughout the
Plain as well as several, fairly large (10-20 ha), low-lying depressions that in periods of
above average rainfall can retain water throughout the year. However, under normal
circumstances most of the waterholes dry out towards the end of each Dry. The two most
conspicuous of these waterholes, named Nembargoo and Coolaboo, lie on the southern
margins of Boggy Plain (Figure 10).

3.2.3 Meteorological influences / interannual variation in rainfall

Over the period 1966-1997 there were two distinct rainfall periods in Kakadu (Figure 9). The
years 1974-1985 were characterised by above average rainfall whereas the years 1986-1996
were characterised by below average rainfall. The rainfall records from Kapalga confirm this
situation in that the 1992/93/94 wet season rainfall was approx. 125-400 mm below average
(Wurm 2001).
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Figure 9 Normalised wet season rainfall for Oenpelli, 1966—-1997 (from Winn 2001)

3.2.4 Oceanographic processes in the Van Diemen Gulf

The general lack of data on the oceanographic processes operative in the Van Diemen Gulf
(eg tides, sea level variation and water circulation) means that surrogate datasets for Darwin
have to be used (Eliot et a 2000). Nevertheless, the large (7 m) tidal range in Van Diemen
Gulf is known to induce strong bi-directional currents along the South Alligator estuary with
velocities capable of channel scouring (Cobb 1988). It is also suspected that in the wet season
cyclone-induced storm surges in the Gulf can give rise to the extension / expansion of tidal
creeks alongside the South Alligator estuary.

As aresult of large scale El Nino eventsin 1962, 1976 and 1999 sea-water levels for Darwin
were unusualy high, some 12-15 cm above average. It is probable that similar conditions
occurred in the Van Diemen Gulf, noting that periods when water levels remain below the
norm can also occur and extend for periods as long as six years. The period 1990 to 1996
serves as acase in point.

The main tidal / mangrove creeks present in the western, saline-influenced, component of
Boggy Plain lie within a number of ancient, low-lying, palaeochannel formations on the
eastern flank of the South Alligator estuary. With the exception of the southernmost of these
palaeochannels, where some noticeable expansion occurred, the tidal creeks of Boggy Plain
have shown little change over the period 1950 to 1991. This is probably a result of the
relatively straight (non-sinuous) nature of estuary channel opposite Boggy Plain and the
resulting reduction of the incising processes normally associated with tidal scour. Although
there is little evidence of saltwater intrusion invading the freshwater basin, it is worth noting
that in 1992 a cyclonic event of similar intensity to cyclone ‘Tracy’ occurred (Winn 2001).
Under these circumstances it is possible that tidal creeks in the palaeochannels of the South
Alligator underwent another period of extension and expansion. However, the lack of any
post-1991 aerial photographs makes this difficult to prove.

3.2.5 Hydrological influences

There is no information about the hydrological characteristics of the creeks that supply Boggy
Plain. However, judging from the size of the larger creeks and the response of the vegetation
at the outflow points of the streams in question (ie the proliferation of closed Melaleuca
forest), the main water sources (springs?) appear to lie north east of the Plain. Floodwater
discharges from the South Alligator river (estimated to be in the order of 400-700 m3/s) are
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also important as these are not only likely to spread eastwards from the South Alligator into
Boggy Plain, but also impede the outflow of locally derived run-off.

Water depths were recorded manually by Wurm (1998) during site visitsto Boggy Plain. The
maximum depth recorded in February 1994 was 70 cm. Otherwise many areas of the Plain
can dry out completely during the dry season.

3.2.6 Influence of feral buffalo

Water buffalo were first introduced to northern Australia in the 1820s (Stocker 1970, Roberts
1996). By 1981 the total buffalo population in northern Australia was estimated to exceed
280 000. Exactly when, or how many, water buffalo became established in Boggy Plain is
unknown but the presence of what appear to be ‘swim-channels' suggests that water buffalo
were present long before 1950. Along with the rest of the buffalo in Kakadu that were
removed under the BTEC (Brucellosis and Tuberculosis Eradication Campaign) scheme, the
Boggy Plain population was eradicated in the late 1980s. Between 1979 and 1987 atotal of
50 000 buffalo are said to have been removed from Stages 1 and 2 of Kakadu National Park
(Spiers 2000). Due to the higher than average rainfall in the 1970s (Figure 9) it may have
been possible that the water buffalo population peaked in 1975/76.

Aeria photographs confirm that several of the ‘swim channels' that are evident today date
back to pre-1950. Having been used repeatedly for 30—40 years some of the larger, more
heavily-tracked channels became sufficiently incised during this time to have altered both the
surface hydrology and the vegetation. Over the period 1950-1990 the cumulative length of
‘swim channels' in Boggy Plain increased threefold from 11.2 km to 31.5 km (Table 2).

Table 2 Abundance and extent of water buffalo ‘swim channels’ in Boggy Plain,
1950-1991

1950 1991
Number of ‘swim channels’ 14 61
Total length (km) 11.2 315

Some people consider that the net result of eradicating water buffalo was an increase in plant
(graminoid and cyperaceous) biomass, changesin floodplain fuel 1oad and availability, and an
inevitable change in the pattern/incidence of floodplain burning (Corbett 1988, Roberts 1996,
Wurm 1998). Such an increase in plant biomass would have included native Hymenachne,
which until then was not common and may have been suppressed by grazing.

3.2.7 Influence of fire

Neither the 1950 nor the 1991 aeria photos reveal much about the influence of fire on Boggy
Pain. Nevertheless, fire-scars on the southern margin of Boggy Plain are evident in the 1991
aeria photos. However, the effect of this particular fire was very localised and confined largely
to the fringes of the wetland on the periphery of the system near the Coolaboo waterhole.

Wurm (1998) reports that during the dry season of 1992 an unplanned fire burnt the Boggy
Plain study sites, leaving the soil surface bare until the onset of the 1993 Wet. The standing
crop of Pseudoraphis did not completely recover during the ensuing two years of the study,
but Oryza seedlings continued to emerge.

20



(0S6T Ul uONNQLISIP SIDINP S1YI03|T - BAIE PANIOP (TEET Ul S|DULEYD WIMS - - - - (0GET Ul S|UUBYD WIMS = g ‘9—T slaqwinu
10 uoneur|dxa 10} SUOISN|IUOD 89S) ‘soloyd [else TE6T / 0S6T 9l Jo uosuedwod e wolj Juspina sabueyd sjdiouud ayl Buimoys (sfeas 01 1ou) urejd ABBog Jo dew yoeys v 0T 24nbi4

21



3.2.8 Vegetation distribution

Other than in the case of Eleocharis dulcis (water chestnut) the distribution of the major
vegetation types on Boggy Plain does not seem to have changed significantly over the period
1950-1991. In 1950 Eleocharis was widespread, but patchily distributed throughout the Plain.
By 1991, large monospecific stands of the plant were confined to the northern margins, but
since then, Eleocharis has become dominant at the western end of the freshwater basin
(JBoyden, pers. obs). However, seasona differences in the extent of Eleocharis may
confound any interpretation of longer-term change given as aerial photographs were taken in
different months, and this possibility is currently being investigated. The amount of
Melaleuca woodland also increased dlightly along the northern margin of the Plain over the
period 1950-1991.

As expected, mangroves spread landwards along the tidal creeks and gutters on the edge the
South Alligator estuary, but the most noticeable zone of mangrove encroachment over the 40-
year period was in the southernmost palaeochannel of Boggy Plain.

3.2.9 Land use

Although buffalo hunters had occupied Munmarlary since the late 1940s (Spiers 2000) the
Munmarlary lease for 1010 km2 for the exploitation of feral buffalo meat was issued only in
1969 (Christian 1973). Whether or not the lease incorporated Boggy Plain is uncertain.
However, in 1978 the Federal Government resumed the Munmarlary pastora lease and
Kakadu National Park (Stage 2), which included Boggy Plain, was proclaimed in 1984
(Environment Australia 1999).

There is little evidence that usage of the area for cattle had any noticeable impact on the
condition of Boggy Plain, athough the near treeless condition of the Nembargoo peninsulain
1950 is noteworthy. Land clearing to promote grazing is a possible cause for the low tree
numbers, but this remains unsubstantiated. There is evidence of land scraping (using
mechanical plant?) in 1991 at the end of the Coolaboo peninsula.

4 Conclusions

QuickBird™ imagery discriminated between magjor vegetation communities observed on
Boggy Plain in the early dry season 2002.This enabled a map of suitable accuracy to be
produced using image classification and traditional interpretation techniques. The imagery is
of high resolution (2.7 m pixel) and proved to be geometrically precise, therefore providing a
product suitable for detecting fine-scale spatial changes in vegetation community structure
over time.

Of the map classes produced, the Nelumbo map class presented the greatest range of variation
in plant community structure. This variation was associated with distinct spatial gradients
observed on the origina image that related to the degree of understorey of ‘open water’,
Eleocharis or Hymenachne. Further classification of the ‘Nelumbo’ class could probably
produce sub-classes related to these differences.

A number of relatively minor plant communities were omitted from the preliminary
classification of QuickBird imagery (Figure 6) as they contributed to misclassification:
Melaleuca woodland, Fimbristylis sedge-land, Cyperus spp. and Actinoscirpus grossus and
Ischaemum australe grassland. These communities generally had spatialy distinct
distributions, and can be visually interpreted from original images. In future they will be
independently mapped.
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A comparative analysis between QuickBird™ and Landsat™ data still needs to be undertaken
to assess suitability of Landsat data for detecting seasonal changes in vegetation. Preliminary
analysis shows that Landsat imagery differentiated areas of open water and actively growing
vegetation. The large area of open water central to the Plain that was revealed by the late dry
season image may be used as a surrogate to indicate E. dulcis distribution in this area.
However, this may depend on the consistency of observed patterns of Eleocharis distribution
in the early dry season.

A digtinct east-west gradient of change in plant communities, that is likely to be associated
with environmental gradients related to hydrology and salinity, is also apparent over the full
extent of Boggy Plain. These changes are illustrated in Table 3.

Table 3 Major plant community zones (east, central, west, and far west) observed on Boggy Plain along
the east-west axis

Impacted by Relative depth

Zone Dominant community types fire (2002) range

Hymenachne grassland (dominant pre-fire)

Nelumbo swamp (expanded post-fire)

East Eleocharis dulcis swamp (expanded post-fire) Yes Shallow to very

deep
Cyperus/Actinoscerpus swamp
Open water/ Nymphaea swamp (expanded post-burn)
Central Eleocharis dulcis swampland No Deep
West Oryza Grassland No Shallow
Mangroves along out-flowing channels
Far West  Areas of ‘salt-tolerant’ sedge-land abounding mangrove channels No Very shallow

Ischaemum australe grassland

A number of detectable changes in vegetation composition, distribution and structure
occurred between September of 2002 and May of 2003. These changes can be attributed to
both seasonal cycles and the impact of floodplain burning in the previous dry season as
discussed below.

4.1 Vegetation distribution in relation to season

An assessment of the influence of seasonality on vegetation distribution is incomplete.
Nevertheless, a number of seasonal changes in vegetation patterns were detectable. The most
obvious change was the re-emergence of dense Eleocharis dulcis in the large region of turbid
water observed in the late dry season, indicating that this plant remains dormant until the wet
season when it again begins its growth cycle. This is the largest area of E. dulcis and is a
major nesting area for magpie geese. Given that E. dulcis consistently colonises this particular
region, it may be possible to use this ‘open water’ trait as a surrogate to map E. dulcis
distribution using Landsat satellite imagery. Flowering annual Wild Rice (Oryza spp.), which
is absent in the late dry season, was also mapped effectively from early dry season QuickBird

imagery.
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4.2 Vegetation distribution in relation to recent fire

Vegetation change analysis using RS images suggests strongly that the extent and density of
Hymenachne grassland was greatly reduced as a result of fire and produced a more diverse
and less dense vegetation cover (an environment more favourable for hunting). A major
guestion that can be addressed by monitoring is how long a period does it take for dense
Hymenachne monocultures to return after afire event (assuming this grass can be viewed as a
climax speciesin the absence of fire).

In summary dense Hymenachne grassland dominated the eastern half of Boggy Plain in 2002
after a long period of some ten years without fire (Christophersen pers com 2003). The
grassland provided most of the fuel for prescribed burning in the late September 2002,
allowing alarge portion of the Plain to be burnt. This region changed to a more heterogeneous
vegetation structure. In order of descending magnitude, several vegetation communities
expanded their range into the burnt region: 1) Nelumbo dominated areas, 2) Open water and
Nymphaea lilies; 3) mixed Eleocharis/Oryza grassland; and 4) Oryza (Wild Rice).

Hymenachne remained present in the burnt region, but at far lower density. With respect to
Oryza, it is unclear whether this change is due to fire or seasona changes, as this grass is an
annual and was not growing when initial vegetation surveys were undertaken in September
2002. Remaining areas of dense Hymenachne on the Plain all corresponded to unburnt
regions, providing evidence that the decrease in cover observed in burnt areas can be
attributed to fire and not simply a seasonal change.

Change due to fire was quantified for a 200 ha area (Figures 7 & 8), where it was found that
Hymenachne cover was reduced by 40%, relative to unburnt areas where Hymenachne cover
was reduced by only 5% (presumably by seasonal effects). Interestingly the distribution and
extent of Eleocharis sphacelata remained relatively unchanged after being exposed to fire.

Calculation of the NDVI (greenness index) from the post-burn Landsat image (October 2002)
indicate that vegetation was actively growing in recently burnt areas of the Plain (Figure 3)
only weeks after the Plain had been burnt. The density and array of plant species germinating
or regrowing from rootstock is presently unknown due to lack of quantitative data. However,
burn surveys undertaken at the 200 m permanent transect lines noted regrowth of
Hymenachne from rootstock (in areas only burnt once), as well as growth of Wild Rice,
Aeschynomene spp., herbs and vines.

Of the several remaining unburnt regions of dense Hymenachne, two of these regions (those
adjoining the lower south eastern boundary of the Plain) are associated with deeper water
areas, which may have prevented them from being burnt. A large area of Hymenachne
adjoining the far northern shores of Boggy Plain and not associated with deeper water also
remained unburnt, suggesting this area was not burnt because of other factors. For example,
this region was isolated from fires started in the main body of Hymenachne to the east
because of alarge region of open water with decaying Eleocharis. These unburnt regions also
had the highest NDVI values. Extreme NDVI values can indicate areas of high biomass of
actively growing vegetation with low amounts of senescent vegetation. This would also
reduce burning potential, as such vegetation is generally less flammable. Alternatively, the
higher NDV I values observed in the October 2002 Landsat image may simply indicate higher
biomass relative to unburnt areas. It will be necessary to calculate NDVI for Landsat imagery
taken immediately before burning to validate which hypothesisis correct.
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4.3 Assessment of long-term changes
The most obvious changes, annotated 16 in Figure 11, include:
1 A threefold increase in the extent of water buffalo ‘ swim channels' from 1950 to 1991;

2 The desiccated condition of the Coolaboo and Nembargoo waterholes in 1991 This
amost certainly is a result of the wet season rainfall having been below normal for the
previous four years;

3 The presence of water (in 1991) in two depressions which, in 1950 were scarcely
detectable. One at the eastern end of the freshwater basin (centrally positioned), the other
1.5 km west of the fault line. Both are a possible result of wallowing by water buffalo and
subsequent deepening of the depressions, but why they remained flooded when Coolaboo
and Nembargoo were dry (see point 2) requires explanation;

4 Thelandward expansion of mangroves in the southernmost palacochannel;

The expansion of woody vegetation (mainly paperbarks?) on the northern margin of the
freshwater basin; and

6 A marked increase (by 1991) in tree density (eucalypt woodland) on the Nembargoo
peninsula.
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Appendices

Appendix 1: Boggy Plain — air photo coverage

Year | Day/month | Run | Photo# Scale Medium Comments

1950 | 16 May 9 5097-99 | 1:50000 |B& W Rainfall data needed

1964 .. 2ly? |24 | 5142-52 | 1:16000 |B& W Largest scade / best resolution

hotos available. Correlation with
25 | 5160 - 69 P
rainfall data needed.
26 | 5140-50

1975 | ... June 1:25000 |B& W wet season rainfall was well above
average. Buffalo density possibly
at an al time peak?

1979 | 27 duly 1:50000 |B& W Munmarlary lease resumed by
Federa Govt. in 1978. Only
southern region visible as site is
obscured by smoke.

1981 | 5June 14 | 022-029 | 1:25000 | Colour and | Middle of the 1974 - 1986 Wet

13E | 191- 197 /lorB& W cyple (a period of above normal
rainfall).
7 June 13 059- 062
w

1984 .. May 1: 25000 wet season rainfall was ~150mm
above normal. Colour dlides (in
possession of P Bayliss) taken
from the air by T Hertog (CSIRO)

1987 | 19 August ? 190-195 | 1: 60000 The buffalo era was either nearing

27 August " 065- 070 an end or was aready over.
1991 .. May 13 | 081-090 | 1:25000 | Colour Middle of the 1986 - 1996 dry
14 150— 159 cycle. wet season rainfal was ~

200mm below normal.
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Appendix 2 : Landsat specifications and coverage for Boggy Plain (*)

The first Landsat satellite was launched in July 1972. Of the sensors carried, the Multispectral
Scanner (MSS) with 80 metre pixels and four spectral bands was found to provide
information of unforeseen value. In July 1982, the launch of Landsat 4 saw the inclusion of
the Thematic Mapper (TM) sensor with a 30 metre resolution and 7 spectral bands. Both
sensors are on Landsat 5.

The newest in this series of remote-sensing satellites is Landsat 7. Launched on 15 April
1999, Landsat 7 has the new Enhanced Thematic Mapper Plus (ETM+) sensor. This sensor
has the same 7 spectral bands as its predecessor, TM, but has an added panchromatic band
with 15 metre resolution and a higher resolution thermal band of 60 metres.
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NT Bushfire Council Landsat magery acquired by eriss

.(*) see also list of satellite imagery held by PAN in SSR 123 (pgs. 109 — 114)

Y ear day/month | Datatype Raw / geo-coded | Spatial resolution
1991 Raw 80m
1992 16 July Raw 80m
1993 3 duly Raw 80m
1994 Raw 80m
1995 Landsat SMSS - paw 80m
1996 Raw 80m
1997 25 April Raw 80m (both 3 & 4 bands)
2 October Raw as above
18 Oct Raw
1998 1 July Raw & geo- | Bands 1-5 & 7 (30m) ; Band
18 Aug coded 6 (120m) ;
Landsat 5TM Raw & geo-
coded
1999 17 May Geo-coded
21 Aug Geo-coded
30 Sept Geo-coded Bands 1-5 & 7 (30m) ; Band
6 (60m) ; Band 8 (15m)
2000 28 June Landsat 7 ETM | Geo-coded
15 Aug Geo-coded
3 Nov Raw & geo-
coded
2001 21 May Geo-coded Band 6 (120m) & Band 8
30 May Geo-coded (15m)
1 duly Geo-coded
24 July Landsal 5TM | =) coded
2 Aug Geo-coded
26 Sept Geo-coded
21 May Raw Bands 1-5 & 7 (30m) ; Band
30 May Raw & geo- | 6(60m) ; Band 8 (15m)
1 duly coded
2Au Raw & eo-
- Sgpt Landsat 7ETM | " g
Raw & geo-
coded
Raw
2002 2 June Geo-coded Band 6 (120m) & Band 8
9 June Landsat 5 TM Geo-coded (15m)
15 Oct Geo-coded Bands 1-5 & 7 (30m)
2 June Raw & geo-
9 June Landsat 7 ETM | coded Band 6 (60m) ; Band 8 (15m)
Raw
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Appendix 3: Full scene coverage of QuickBird 05/05/03 capture
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