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Surrounding the Van Diemen Gulf is the broad curve
of land that comprises western Amhem Land (Fig. 1).
Within the catchment of the Van Diemen Gulf are a range
of coastal landscapes that have been dramatically altered
during the Holocene. Today coastal lowlands in this
area are dominated by a series of rivers flowing south to
north across seasonally flooded plains, each separated
by undulating surfaces of sandy laterite. Atthe western
end of the Van Diemen Gulf is the deep embayment of
Darwin Harbour, while at the eastern end Cobourg Penin-
sula extends northward. Although the northwestern
boundary of the Van Diemen Gulf is marked by Melville
Island, that land is archaeologically unknown and will
not be discussed here.

Holocene human occupation of the catchment area
for the Van Diemen Gulf is the subject of this pape:.
Hunter-gatherer use of the lands surrounding the Van
Diemen Gulf extends back to the Pleistocene, and although
archaeological research has focussed on the Alligator
Riversregion in the southeast, recent investigations have
revealed something of the human history throughout the
entire area. It is now clear that the creation of the Van
Diemen Gulf by sea level rise initiated widespread and
long-term alterations in the landscape, and that changing
patterns of settlement, foraging and technology reveal
human responses to those transformations in their
environment. Combined with an outstanding palaeo-
environmental record for the Alligator Rivers region, the
growth of archacclogical information about prehistoric
economies in this region makes it feasible to examine
aspects human ecology in the past. In this paperI discuss
some of the consequences of the marine transgression
for human occupation of the coastal and near coastal

landscapes of this intriguing region.

LANDSCAPE CHANGE DURING
THE HOLOCENE

Over the last decade a remarkable record of palaeo-
environmental change in western Amhem Land has been
revealed (summarised in Hiscock and Kershaw 1992).
Holocene landscape alierations in the Alligator Rivers
region (see Fig. 2) have been described as a succession of
phases in which different geomorphic processes created
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drastically different environments (Woodroffe et al.
1986, 1988). This descriptive framework has proven
useful in exploring chronological change in economic
activities depicted in the archaeological sequence. These
landscape phases can be illustrated using the South
Alligator River valley as an example, although they
broadly apply to other rivers in the Kakadu region, and
to a lesser degree to other major river systems in western
Arnhem Land (Woodroffe and Mulrennan 1993).

Transgressive phase

Marine intrusion into South Alligator River valley
occurred when the sea reached 10-12 m below the level
of today’s flood plain, approximately 8500-8000 ur
(Woodroffe et al. 1986). Marine flooding is indicated in
the pollen sequence by large proportions of aquatics and
Poaceae, indicating fresh-brackish swamps. Myrtaceous
pollen is common, indicating the closeness of the eucalypt
woodland. Mangroves were present but restricted in
distribution. Woodroffe and others (1985, 1986, 1988)
have inferred that for the next 1000 years the valley
contained a broad shallow marine embayment with a
mangrove fringe perhaps 500 m wide, bordered by
woodland. Itis likely that the estuary contained intertidal
flats, and perhaps multiple tidal channels towards the
river mouth. Towards the end of this phase, after 7000
years Bp, there are hints in the palynological cores of
mangrove expansion leading to the next phase,

Big swamp phase

By 6800 pp mangroves were established across most
of the inundated valley/embayment, covering virtually
all of the area of the current flood plains. The main
evidence for this pattern is the distinctive mangrove muds
that are now found 2-7 m below the surface of the flood
plain throughout the South Alligator River valley,
Woodroffe et al. (1986, 1988) have labelled this period
of extensive mangrove development, the ‘big swamp
phase’. This was a landscape that does not exist in the
region today comprising a mangrove forest 5-12 km
across and more than 100 km long, with a meandering
river runiting through the centre, Although the mangrove
margins were a mosaic environment, containing freshwater
lagoons {Allen 1989:110), the big swamp was the feature
dominating the river valleys.
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Figure 1  Map of westem Amhem Land, showing the location of

the Alligator Rivers area (see Map 2},

Figure 2

Map of the Alligators Rivers region showing sites mentioned
in the text,

This big swamp existed for several thousand years,
and evidence for it is found vertically through 3-4 m of
sediment which accumulated through high discharge
down the rivers, and the sediments were readily trapped
in the extensive mangrove forest. During this accumu-
lation mangrove communities persisted because there
was continuing sea level rise. Sedimentation was rapid,
probably about the same rate as sea level rise, thereby
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maintaining the shallow tidal conditions that allow
mangroves (Woodroffe et al, 1986).

Pollen data shows that the mangrove forest changed
during this period (Woodroffe et al. 1986). The early
big swamp was dominated by Rhizophora, and in the
central South Alligator River was succeeded by an
Avicennia community after 6000 sr. By 5300 pp the
pollen sequence reveals growing dominance of Poaceae
and Cyperaceae, indicative of freshwater flood plains,
at the expense of mangroves. Over the next thousand
years there was a reduction of the extent of mangrove
forests and replacement by plains covered by sedges and
grasses. These transitions were probably caused by sedi-
mentation changing the gradient of the plain and thereby
reducing tidal inundation (Woodroffe et al. 1986),

A precise date for the cessation of a big mangrove
swamp has not been obtained, and it is likely that the
decline of mangroves was part of a process covering
several hundred years. What we do know is that the big
swamp was gone by 4000 sp, although smaller areas of
mangrove still existed in the north.

The big swamp was restricted to the river valley and
during the mid-Holocene mangroves were not extensively
distributed in the estuarine funnel or along the coast. More
open conditions probably existed in these areas. Along
the coast between the East Alligator River and South
Alligator River there were sandy-silty beaches backed
by sand ridges. These open conditions along the coast
persisted because sediment was being trapped within the
South Alligator River rather than being discharged to the
coast, resulting in little progradation.

Sinuous phase

Beginning about 4000 years ago is a period labelled
the sinuous phase which represented the transition to dry
land or freshwater swamp vegetation (Woodroffe et al.
1986). This phase is characterised by meandering river
channels and the creation of associated ox-bow or
palacochannel features. Sediments accreted on the inside
of the river bends, forming shallow water where localised
mangrove forests developed. Outer bends were cliffed
and contained few mangroves. This sinuous system
consisted of a grassy, seasonally flooded plain, tnuch like
today, but with a river of large loops meandering slowly
across the plain. The meanders migrated laterally at an
average rate of about 1 m per year.

Existence of a sinuous meandering tidal river is
demonstrated by palacochannels that are visible in the
current flood plains. Woodroffe et al. (1986:139) argue
that many, if not all, of the palacomeanders were defunct
by 2000 sp. However, several channels have basal fill
dated to 1400-1300 Be. Obviously a number of palaco-
channels were not filled immediately after abandonment,
and existed as lagoons for some time.

In the central South Alligator River area Hope et al.
(1985) document the development of high soil salinity
at the end of this phase. They argue that as sediment
buiit up, flooding became less common. Hypersaline
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conditions occurred and little vegetation existed on the
flood plain except along the river channel.

During this phase the coast changed markedly
(Woodroffe et al. 1986; see also Sullivan and O’Connor
1993:781). The sinuous river appears to have actedas a
conduit for sediment discharge, transporting large
quantities of sediment through the valley to the coast.
Consequently, coastal progradation accelerated and
much of the coastal plain accumulated from 4000 Bp to
about 2000 Br as silts were deposited to form plains of
black ciay and salt-rich mudflats. By 2000 s, or shortly
afterward, the coast had formed in its current position.
During the last 2000 years there has been no noticeable
progradation. This cessation of progradation is a matter
of some debate, but probably reflects a change in river
form and reduction in sediment supply.

Cuspate phase

Over the last 1500-2000 years the middle and upper
reaches of the South Alligator River have taken their
current cuspate form, consisting of wide reaches and
bends that are pointed. Erosion, leading to river widening
is also a feature of this phase in the landscape evolution.
Today mangroves exist only as fringes along the river
channel.

As noted above, some flood plain areas suffered
hypersaline conditions by the start of this phase (2000 sp
or before}. At least in the middle reaches of the South
Alligator River system saline flooding ceased before
1400 sr and salt leached from the profile, enabling invasion
by grasses and formation of organic rich soils (Hope et
al. 1985). In this area billabongs were created through
the formation of levee banks and the reduction of salt
meant that they then held fresh water.

Transitional environments, such as the hypersaline
one described for the middie South Alligator River,
varied in duration and timing around the region, For
example, in the Magela flood plain hypersaline soils may
not have been extensive (Clark et al. 1992b:88), and
current freshwater conditions were in place by 1700 sp
(Clark et al. 1992a:48).

Variation within and between river systems in this
manner would have reduced the stressfulness of these
transformations on the human occupants of the land-
scape. Nevertheless, the creation of the present flood
plains was the result of a chain of environmental change
stretching back to the marine transgression. The detailed
Holocene archaeological record available for the region
reveals alterations in human exploitation of the landscape
that parallel these environmental changes.

EFFECTS OF THE TRANSGRESSION
DURING THE MID-HOLOCENE

Evidence for mollusc exploitation, and hence forag-
ing in coastal mangroves, occurs almost simultaneously
with the creation of the mangrove habitats near the scarp.
At Malakunanja II marine shell dates to 63601100

(SUA-264/8l), and at Nawamoyn there is a charcoal date
of 7110+130 (ANU-53) from the base of the midden level
taken by Schrire (1982:118) to indicate the initiation of
the estuarine midden. These dates are broadly coincident
with geomorphic evidence for formation and operation
of the big swarnp. Coastal groups of people were obviously
exploiting this mangrove landscape soon after its creation.

Initiation of estuarine shell midden deposition occurs
at very different times in each site (Fig. 3). The earliest
midden yet dated is at Nawamoyn, the site closest to the
current coast, and mangroves may have been locally
abundant near this site before they were present near
other sites. Thus, some of the variation in the basal dates
for estuarine middens may reflect the gradual encroach-
ment of mangrove environments. However, the geomorphic
evidence favours a rapid and widespread development
of the big swamp. Consequently, this variation in the
initiation of estuarine middens, and in particular the
relatively late initiation of shell accumulation at sites such
as Ngarradj Warde Djobkeng, also indicates differential use
of the region for marine foraging. While this variation
may relate to local environmental conditions, it may also
reflect minor shifts in the focus of foraging and settlement.
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Figure 3  Antiquity of midden deposits established through radio-

carbon dating.

Discussions of mid-Holocene economic strategies
have focussed on mollusc exploitation since the shell
midden levels of rockshelter deposits provide a relatively
well dated, well preserved, and archaeologically visible
record of subsistence activities during that period.
Midden deposits in rockshelters east of the South
Altigator River are dominated by the large mangrove
bivalve Geloina coaxans, and the mangrove gastropods
Telescopium telescopium and Cerithidea anticipata.
Because of their small size the abundance of Cerithidea,
rather than larger and meatier moliuscs, has been seen
as a puzzling feature of the faunal assemblage. In these
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middens other mangrove gastropods, such as Cassidula
sp., Ellobium sp. and Nerita sp., were often present, but
only as minor elements. This molluscan fauna is consistent
with the notion that prehistoric people were primarily
exploiting the mangrove margins rather than penetrating
into the mangroves far enough to reach zones dominated
by different plant species. Ifthis is the case then change
in the species composition of the mangrove margins
might be reflected in the archaeological sequence found
in rockshelter middens (see below).

Mid-Holocene shell middens in the coastal lowlands
near the mouth of the West Alligator River have a variable
composition, reflecting the different landscapes in which
they are found (Mowat 1995). Shell deposits 4000-5000
vears old, such as FI-1 and FI-2, are dominated by taxa
such as Anadara, Marcia and Circe, reflecting foraging
along the open mud-sand beaches that dominated the
coast at that time. A similar pattern is found on the Cairn-
curty Plain, where Anadara-dominated middens occur
in sandy beach ridges dating from a similar time period
(Hiscock and Mowat 1993). As discussed below, the
implication of dissimilar midden composition on the
coastal flats and in escarpment rockshelters is that envi-
ronmental and archacclogical changes are not uniform
throughout the region, and that separate economic changes
may be evident in each sub-region (see Mowat 1995).

Despite the abundance of marine shell in rockshelter
deposits near the East Alligator River it is clear that diet
was diverse and that, in these areas at least, the mangrove
fringe was not the only environmental zone in which
foraging occurred. Mid-Holocene midden levels at
Nawamoyn and Malangangerr contain medium and small
mammals living in woodland and rainforest habitats, with
bandicoots (Iscodon macrourus), possums ( Trichosurus
arnhemensis), and wallabies (Petrogale brachyotis,
Macropus agilis) being particularly common. Exploitation
of freshwater lagoons and streams is evidenced by
remains of water-rat (Hydromys sp.), freshwater turtle,
freshwater mussel ( Velesunio angasi), catfish (Neosilurus
sp.), and magpie geese (Anseranas semipalmata). Since
the mid-Holocene mammalian assemblage at Nawamoyn
resembles the suite of animals retrieved from Pleistocene
levels, it seems likely that in the period 7000-3000 Bp
exploitation of mangroves and freshwater lagoons was
added to a subsistence strategy previously based on
woodland flora and fauna. :

Diversification of diet during this period reflects the
creation of a more diverse environment, containing locally
resource-tich patches. This mosaic of mangrove, freshwater
and terrestrial habitats is one without analogue in northern
Australia today (Allen and Barton n.d.:104), and its
appearance may have been associated with increased
population density in light of land reduction associated
with the marine transgression. Although there are hints
of more intense occupation in some rockshelters, such
as increased artefact discard rates in the midden levels
of Ngarradj Warde Djobkeng, coincident changes in site
function and artefact technology make demographic
inferences unreliable. Additionally, most of the open

sites that must have existed at that time are buried under
late Holocene sediments, preventing estimates of overall
site numbers (see Woodroffe et al. 1988:96). However,
if it is difficult to identify demographic and settlement
changes connected to the onset of the big swamp, there
is not such a problem identifying change brought on by
the disappearance of the mangroves.

Faunal succession

One of the models of mid-Holocene economic change
has focussed on the succession of molluscan fauna
reported at some sites. Five rockshelters containing
estuarine middens have been excavated near the East
Alligator River. Two sites positioned in large mesas are
Ngarradj Warde Djobkeng and Malakunanja II. These
sites have been well dated by Allen and Barton (n.d.),
but their midden composition remains undescribed.
Schrire (1982) has detailed the evidence from three
rockshelters occurring in small isolated rock outcrops
within the flood plain further north. For these sites,
Malangangerr, Nawamoyn, and Badi Badi (sometimes
spelt Pari Bari or Pady Pady), we have information on
shell abundance measured as weight per genus per
excavation unit. Within these midden deposits Schrire
identified a number of chronological changes in marine
mollusc exploitation. At Malangangerr the lower two-
thirds of the midden is dominated by the large bivalve
Geloina coaxansbut in the upper spits Geloina decreases
sharply in abundance and is replaced by the small
gastropod Cerithidea (Fig. 4). Similar trends are found
at Badi Badi and Nawamoyn, although at the latter site
the large gastropod Telescopium telescopium is also
abundant in the lower levels of the midden and replaced
by Cerithidea towards the top.

Allen and Barton (n.d.:88) see this switch toward
Cerithidea as illusory, arguing that if abundance is
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calculated using MNI rather than weight, Cerithidea
would be dominant throughout. While this may be the
case for Ngarradj Warde Djobkeng, it cannot account
for the patterns visible in sites such as Malangangerr. In
many of the lower excavation units the weight of Geloina
fragments is up to fifty times the weight of Cerithidea
fragments, and must represent more individual shells.
Thus, although Schrire’s excavated shell is no longer
available for re-examination, it is clear that Geloina was
more abundant toward the base of the deposit. To illu-
strate this point Figure 5 plots the estimated numbers of
whole individuals in each taxon represented in Malan-
gangerr column sample two. This estimate is based on
the average weight of whole Cerithidea (1.4+0.4 g) in
samples available at the Northern Territory Museum and
Geloina (12.1+7.8 g) in the Malangangerr collection.
The trend from a Geloina-dominated assemblage towards
a Cerithidea-dominated one, is apparent even when this
correction for size difference between the species is made.
Since Allen and Barton (n.d.) claim that Cerithidea
dominates all levels of the Ngarradj Warde Djobkeng
midden, the archaeological trends at this site are different
to those at Malangangerr, Nawamoyn and Badi Badi.
This fact suggests local difference in palaeoenvironments
and foraging behaviour,
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In the lower levels of Malangangerr, Nawamoyn and
Badi Badi the dominance of Gelvina has sometimes been
seen to result from a preference for this large meat-rich bi-
valve over the smaller mudwhelk Cerithidea. Schrire (1982:
233-4) describes the mudwhelk as *... time-consuming to
collect and tedious to separate from the shell’, She there-
fore suggests that the shift towards Cerithidea may not
reflect choice; instead it may have been forced by a reduc-
tion in the availability of Geloina and Telescopium but
not Cerithidea. Believing that Cerithidea is better adapted
to open mudflats rather than mangrove forests, Schrire
attempted to explain the trend from Geloina to Cerithidea
through the devegetation of coastal flats resulting from
buffalo trampling during the last two hundred years,

Although the Geloina-Cerithidea shift may relate to
environmental change, Schrire’s model of buffalo-
induced devegetation is not plausible. Cerithidea is not
characteristically found in open mud beach conditions.
More typically Cerithidea lives within mangrove forests
(Macnae 1968:167). Hence, the collection of Cerithidea
as a large fraction of the prehistoric mollusc catch does not
relate to the replacement of mangroves with unvegetated
mudflats.

A more likely environmental explanation is to be
found in a change from one type of mangrove forest to
another. Cerithidea prefers mangroves dominated by
the genera Avicennia and Bruguiera, where they shelter
by clinging to the shady side of trees during low tides
(Macnae 1968). Telescopium telescopium is typically
the dominant gastropod in Rhizophora sp. forests
(Macnae 1968:177), and Geloina is normally associated
with small streams draining mangrove forests and is
likely to be more abundant in Rhizophora forests (Morton
1983:82). Transformation of moist Rhizophora-dominated
forests into relatively dry Avicennia- and Bruguiera-
dominated forests may therefore increase the abundance
of Cerithidea relative to both Telescopium and Geloina.

Geomorphological investigation along the South
Alligator River indicate a late Holocene transition of
precisely this sort (Woodroffe et al. 1986, 1988). Pollen
cores from two localities in the central South Alligator
River valley indicate that Rhizophora initially dominated
the big swamp, but that towards the end of that phase of
mangroves Ceriops and Bruguiera became more abundant,
and finally Avicennia dominated (Woodroffe et al.
1986:131-2). Such a sequence is expected because in
this region Rhizophora stylosa is less salt tolerant than
some species of Bruguiera and Ceriops, and Avicennia
marina tolerates extrémely high salt levels and low soil
water content (Ball 1988). These salt-tolerant mangrove
forms of Bruguiera/Ceriops and Avicennia typically
conserve water through small leaf size, resulting in forests
with open canopies that allow large amounts of sunlight
to be transmitted to the forest floor (Ball 1988:96). Under
such conditions Cerithidea populations are successful
because of their capacity to shelter from the sun by
climbing the shaded side of the trunks of mangrove trees.

Similar trends are also apparent in the environmental
data from the Magela Creek flood plain, close to Malan-
gangerr, Nawamoyn and Badi Badi. As an example, pollen
core M8, near Jabiluka Billabong, shows a dramatic shift
towards non-Rhizophora mangroves prior to 1650 Bp
(Fig. 6). Sediments in this core show the characteristic
change from blue-grey clay containing mangrove wood
to grey-brown clay exhibiting mottling due to oxidation
(Clark et al, 1992a:46-7). This pattern represents vegetation
changes associated with the transition from estuarine to
freshwater conditions. Palynological data supports this
interpretation, indicating a chronological succession in
mangrove communities in response to increasing salinity
and dryness. Accompanying those changes in plant
communities would have been an increase in the relative
abundance of Cerithidea, a trend that is reflected in the
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nearby archaeological shell middens. One implication
of this argument is that the composition of the prehistoric
mollusc catch broadly mirrored the availability of these
animals within the closest mangrove environment. A
second implication is that the change from Geloina-
dominated midden levels to Cerithidea-dominated
midden levels predates the arrival of the water buffalo.
In all instances where pollen cores have been dated the
shift from Rhizophora to other mangroves occurs prior
to 1300-2000 years ago, and is a response to increased
salinity rather than devegetation by buffalo. Such an
environmental change may have had consequences beyond
an alteration in diet.

Reorganisation of settlement patterns

Increasing siltation and salinity during the sinuous
phase eventually resulted in the retreat of mangroves to
river channels in the centre of the South Alligator River
valley. Disappearance of mangrove habitats across the
newly formed flood plain must have caused mollusc
exploitation near the escarpment to cease, but the date
of that economic shift probably varied locally. Attempts
to define the timing of that economic change have been
made by Allen and Barton {n.d.), who hypothesise that
shell middens in rockshelters near the East Alligator River
and Oenpelli do not contain late Holocene occupation.
They suggest that estuarine molluscs were collected from
abundant mangrove forests during the big swamp phase,
and that mollusc gathering ceased early in the sinuous
phase, more than 3000 years ago. This model is based
on a series of radiocarbon age-estimates from Ngarradj
Warde Djobkeng and Malakunanja Il, The upper levels of
these two middens are dated to 4050150 years Br, (SUA
2264) at Malakunanja II and 3390£195 (SUA 225) at
Ngarradj Warde Djobkeng. Allen and Barton interpret
these samples as the terminal dates for the accumulation
of the estuarine midden, implying that discard of marine
shell had ceased by 3000 ep. They argue that the rock-
shelters were abandoned at that time, and sediments
overlying the midden represent reoccupation in the last
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Lmainated blue-gray clay
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Changes in mangrove pollen and siratigraphy in core M8, Jabiluka Billabong.

1000 years. Figure 3 illustrates the midden
dates on which this model is based.

The Allen and Barton model represents
a substantial advance in understanding
rockshelter occupation near the East
Alligator River, but it does not fit all sites
in the area and may be overly rigid in
assigning abandonment dates. Archaeo-
logical data indicates not only the abandon-
ment of some shelters, but also a high
degree of variation between these sites in
the timing of mollusc exploitation.

In Ngarradj Warde Djobkeng and
Malakunanja I1, minimal sediment accu-
mulation above midden levels, together
with the three late Holocene radiocarbon
dates, led Allen and Barton to infer an
extended hiatus between 3500 Br and
1000 sp. This 2500 year hiatus is the maxi-
mum possible period of abandonment, but it is feasible
that the abandonment was substantially shorter. Samples
from the top of the midden layer may not necessarily
represent the last occupation of the shelter prior to
abandonment. Clearly there is substantial intra-site
variation in at least some of the sites, making the interpre-
tation of the few upper samples uncertain. For example,
in Ngarradj Warde Djobkeng radiocarbon dates of 3500-
4000 sr come from 10 cm below the surface near the drip
line and may provide a reliable indicator of midden
cessation in that part of the site. But towards the rear of
the rockshelter radiocarbon dates of this age (SUA-164
and SUA-2409) were recovered from samples more than
50 cm deep, and here it is possible that the midden
continued to accumulate unti} a later time.

In addition, not all of the sites fit neatly into a patiern
of abandonment at 3000 sp. For example, the upper midden
deposits in Malangangerr and Nawamoyn are not dated,
and it is not clear that they represent abandonment at or
before 3000 Bp. Furthermore, Badi Badi vielded a basal
date for the estuarine midden of 31204100 (ANU-17).
Mangrove shells are dominant right through this midden-
level, and in the base of the non-midden level, indicating
that at this site mollusc gathering continued for some time
after 3000 Bp (or 2550 Br with the recommended -450
year correction for the marine reservoir effect). In other
words, the dates suggest that at Badi Badi shell gathering
begins at the time it may be finishing at Ngarradj Warde
Djobkeng and Malakunanja II. This strongly indicates
local differences in economy and settlement in response
to an increasingly mosaic environment at this time, just
as Schrire (1982:233) thought.

Nevertheless, this abandonment model has been
useful in describing the relationship of rockshelter sites
to the open wetland sites. Cessation of estuarine midden
build-up in the rockshelters implies that as mangroves
gradually retreated from their maximum distribution
during the big swamp phase, the focus of human activity
shifted from the escarpment out onto the flood plains
and coast. While one consequence of this settlement
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