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RELATIONSHIP BETWEEN THE RECENT DUNE ACTIVITIES
AND THE RAINFALL FLUCTUATIONS IN THE SOUTHERN
PART OF AUSTRALIA

Hiroo OHMORI*, Kazutaka IWASAKI** and
Kazuhiko TAKEUCHTI***

Summary

For the remobilization of dﬁnes in the southern part of Australia, many causes have been
pointed out. The climatological cause, however, has been discussed only insufficiently. In
this paper the relationship between the recent dune activities revealed by geologic, geo-
~morphologic, vegetation and hearing surveys, and the rainfall fluctuations induced by
the analysis of both instrumental data and drought records was examined.

It was confirmed that the patched distribution of presently active dunes with a sharp
contrast to the surrounding stable dunes covered with vegetation in the semi-arid and
humid zones is not due to the local difference in climate, but due to the patched distribu-
tion of thickness of the latest Pleistocene to late Holocene dune sands. Although some of
presently active dunes are reported to have Been active even before the European settle-
ment, most of them started their sand drifts after the vegetation clearance by them. There-
fore, almost all of them can be called “remobilized dunes”. :

The marked dune activities have been taking place whenever the residual mass curve
of rainfall continuously decreased for more than one year resulting in the amount of the
sum of the decrease exceeded 500 and/or 600% of the mean annual rainfall of each re-
gion. It is since the end of the 19th century that the périods of decreasing in rainfall and
severe droughts, when marked sand drifts also occurred, became frequent in the
southern part of Australia. "It was relatively humid from the end of the 18th century to
the end of the 19th century and the dry phase started from the beginning of the 20th
century. The remobilized dunes have increased in both number and coverage since the
beginning of the 20th century when the dry climate became more frequent. This circum-

stance continues now at least in the southern part of Australia.

I Introduction

Many dunes recently started remobilization in the southern part of Australia. For :their

remobilization, many causes such as bushfire, both natural and human, vegetation clear-
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ance, exploitation, overgrazing by sheep, rabbit infestation and even off-road vehicles
have often been suggested (Land Conservation Council, 1974; Williams, M., 1978; Gil-
bertson, 1981). On the other hand, dust-storms and sand movements occurred frequently -
in southeast Queensland in the 1930’s. It is emphasized that the sand movement was not
due to cultivation or drought, or to the depredations of “grazing animals, but due to a
change in climate (Ward and Russel, 1980). Gilbertson (1981) points out by examining
the rate of dune advance after the European settlement on the southern coast in South
Australia that the present rate of dune erosion is difficult to be seen as mainly a legacy
of European pastoralism. These studies, however, are not researches investigating system-
atically the relationship between the change of dune activity and that of climate. There
is no study discussing the relationship between the dune activity and the climatic fluctua-
tion throughout the period after the European settlement for many places over the
southern part of Australia. Therefore, it is not clear how to evaluate the causes men-
tioned above. ‘ '

In this paper the relationship between the recent dune activities revealed by geologic,

geomorphologic, vegetation and hearing surveys, and the rainfall fluctuations induced by
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the analysis of. both instrumental records and - drought data were examined and the

chma ological ca{Jse of the’dune remoblhzatwn was dlscussjed The main surveyed areas
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11 ({h‘practeristi‘ts of the distribution of active dunes

i

Th'e lnland duries of the Australian continent are classxﬁed into two kinds of sh'ipes
and origins. One is called “longitudinal dunes” which are distributed widely over the
deserits z&nd the riverine plams and the other is called “lunettes” lying on the down%vind
malgm of lakes (Bowler, 1971 1976, 1978 ; Bowler and Magee, 1978 ; Bowler et al., 1976
1978 VVasson 1976, 1979). The dunes along the seacoast of the continent are generally
called parabolic dunes from their shapes (Thom, 1978; Gilbertson, 1981 Thom et al,
1981). S f
These dunes are classified into two types of dune activities. One is stable dune and the
other} is active dune. The stable dunes which are completely covered with Ezccalgifptus
schrubland (mallee) are distributed mainly in the southern semi-arid and humid Zones.
There are two distinctly different types of active dunes.  In the inner arid’ district, where
tusso'ck grassland and "Acacia schrubland (mulga) spread over, most of the crest parts
of fossil dunes are active with less magnitilde for the vast coverage of area, which are

‘

classified as ‘regional active dunes” according to Ohmori (1980). On the other hand, in the
semi-arid and humid zones, dunes with very active sand movement are distributed in patches
with ‘a sharp contrast to the surrounding stable dunes. Such active dunes are called “local
active dunes”. Sand drifts on the local active dunes are markédly active compared with
those on the regional active dunes. Erosional depressions have been caved on the wind-
ward side, where many dead trees with exposed roots are scattered. Accumulation ridges
and swells are formed on the leeward side where there are many trees, dead and living,
with the lower parts of their trunks buried in presently drifting sands. On these active
dunes, presently drifting sands are supplied from the erosional areas on the windward:side of
the fossil dunes.

Fig. 2 shows the distribution of dunes by the different types of dune activity based on
the field observations by air and surface surveys in 1979 and 1980. A marked zonal dis-
tribution of dune is recognized. The regional active dunes are restricted to the inner arid
zone and the local active ones and the stable ones are found successively outward. This
corresponds to the zonal distribution of climate and vegetation. The local active dunes are
distributed near the boundary between the regional active dune fields and the stable dune
ones in both the central and southern parts of the continent. Paticularly in the southern
part of the continent the occurrence of local active dunes is regarded as a peculiar phe-
nomenon to the critical boundary of climatic zones, that is, the transitional zone from the
arid zone to the humid one, where landform and vegetation are extremely sensitive to
both effects of the climatic change itself and of the human impact through agriculture.
This general characteristic of the distribution of local active dunes has been confirmed by
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" Fig. 2 Distribution of the active dunes

The base map of the distribution of dunes for each kind of shape and origin, that is, the
longitudinal dune and the lunette, is the partly modified one from that of Bowler (1971) and
Dept. National Development of Australia (1973). The climatic division follows from Bowler's
one (1971) drawn based on Thornthwaite’s classification. The area circled by dotted lines shows
the fields where the present states of dune activity, active or stable, were confirmed by this
survey.

the informations of various authorities and persons such as the Commonwealth Scientific
and Industrial Research Organization, Australia (C.S. L. R.O.) and the Department of
Agriculture, South Australia.

" Along the seacoast, the active dunes are distributed intermittently around the continent.
For example, along the east coast where the coastal dune fields are distributed almost
continuously from Cape York to the northern coast of Tasmania, the active dunes with in-
tensive sand drift can be found to exist in every dune field. This condition is the same
along the west coast and the south coast, where a relay station established in 1877 was
abandoned in 1924 when it was buried in drifting sands near Eucla (Learmonth and
Learmonth, 1971; Raymond and Morrison, 1979). The present sand drift is found not
only on foredunes, but alsé on inner parabolic dunes where sands are supplied not from

the "beach, but from the erosional areas on the windward side of fossil dunes. Namely,
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most of the active dunes along the seacoast have been caused as a result of remobiliza-
tion. These active dunes with erosional depressions and accumulation ridges are classified
as the local active dunes. They are distributed sporadically in stable dune fields and the
activities of .sand movement are as intensive as those on the local active dunes in inland.
The relationship between the disbribution of active dunes and the climatic zones such
as that shown by the inland dunes is not recognized for the coastal dune fields, though the
rainfall varies with regions along the seacoast.

Taking account of the characteristics of the distribution of local active. dunes described
above, the fields of geological and vegetation surveys were selected in the southern part
of Australia.

Although the dune fields spreading over the Australian continent is estimated to have
seen formed at least at 300,000 B.P. (Bowler, 1976), the strata of dune deposits since the
late Pleistocene are composed of four units based on the criteria of palaeosol and uncon-
formity. They are called, from the bottom, latest Pleistocene dune deposits, Holocene older
dune sands (Do), Holocene younger dune sands (Dy) and Present drift sands (PD). The
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Fig. 3 Distribution of dunes around Mildura

There are distributed orchards of oranges and grape, wheat fields, pastures and Eucalyprus
open scrub in the Central Mallee land system which is a dune field up to 10 m or more high
above the Murray riverbed. Any remarkable relationship between dune activity and land use
is not recognized, though the local active dunes are scattered mainly in cultivated areas. In
the Lindsay Island land system, which occupied the floodplain along the Murray, the Casuarina
and Callitris low woodland spreads over, though the river-side forest with tall trees of
Eucalyptus spp. stands along stream channels and pastures are distributed in patches. The
surveyed local active dune at Colignan is a typical longitudinal dune on the plain about 12m
high above the Murray riverbed. ’
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latest Pleistocene dune deposits which accumulated from ca. 25,000 to 13,000 B.P. are
corresponding to the Upper Mungo—Zanci Unit defined by Bowler (1971, 1976, 1978), Bowler
and Magee (1978), Bowler et al. (1976, 1978) and to Woorinen Formation of Twidale et al.
(1978). Do and Dy units were formed ca, 6,000 to 3,000 B.P. and 2,000 to 700 B.P.,
respectively. PD unit is formed by the deposition of sands eroded from Dy and Do units
on the windward side of fossil dunes since about 100 B.P. (Suzuki et al., 1982). The
local active dune defined above means the dune covered with PD unit from the stratigra-
phical point of view. '

The sands forming dunes have been redistributed in course of their moving from the
source areas such as seacoasts, river floors and lake shores to their present positions (Was-
son, 1976). Consequently, the thickness of the latest Pleistocene dune deposits, Do and
Dy, is different from place to place, respectively. There are actually observed numerous
fossil dunes with thin sands of post latest-Pleistocene age less than some tens cm or with-
out the sands of Holocene age. These fossil dunes are covered mainly with duricrusts or
consolidated sand layers just beneath the surfaces in many places.

The local active dunes are distributed in patches over the stable dune field (Figs. 2, 3
and Photo. 1). Although thick sands of the latest Pleistocene and mid-late Holocene ages
are observed on the stable dunes covered with vegetation in such areas as national parks
and nature reserves, in the caltivated areas such as pastoral lands and agricultural ones,
they are revealed to exist in patches on the places where there are relatively thick de-
posits, more than about 1m, of the latest Pleistocene dune sands as well as the middle to
late Holocene dune sands. These dune sands are either very thin, less than some tens
cm, or absent on the surrounding stable dunes. Namely, the occurrence of local active
dunes is exclusively restricted on the fossil dunes with thick sand beds of post latest-
Pleistocene dune.sands. It can be interpreted, therefore, that the patched distribution of
local active dunes is not due to the local difference in climate, but due to the patched dis-

tribution of thickness of the sand beds.
III Remobilization of dune and its climatological significance

1. Relationship between the dune activity and the rainfall fluctuation

The magnitude and the period of sand movement were evaluated by geologic, geomor-
phologic, vegetation and hearing surveys. For the analysis of rainfall fluctuation, the
report of monthly and yearly rainfall by the Australian Bureau of Meteorology were used.

Since the variation in monthly rainfall is very large from the viewpoints of both region-
ality and time-series ( Gentilli, 1971 a, b; Pittock, 1975 ; Tucker, 1975; Williams, O., 1979),
the residual mass curve following the method of Foley (1957) is mainly used for the
examination of spatial and time-distribution of rainfall. The residual mass of each month

(Xi,4) is calculated by the following formula:
. o
Xig = 25 2 (Rayn— Rn) [Ra X 7000

where, 7:7 th year from the first observation year,
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7:j th month (1 to 12; Jan. to Dec.),
R,,m: monthly rainfall of m th month in 7 th year (mm),

I
R, : mean monthly rainfall of m th month = ((ZJIR""")/I (mm),

— . I 12
R,: mean annual rainfall = (3 21 R,,n)/I (mm),
n=1 m=
I: duration of observation (year).
m
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Fig. 4 Columnar sections of the dune sand stratigraphy and a transverse section

showing the relationship between geology and vegetation pattern

Present drift sands (PD) and Holocene younger dune sands (Dy) can be divided into at least
some layers based on palaeosol and unconformity as shown schematically by columnar section
2. The succession stages of vegetation and the existing periods of plant community differ clearly
from part to part of the dune according to the periods of stable stand of each layer of Present
drift sands.
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The residual mass curve, which is expressed as RMC in the following sections, has the
advantages of both enhancing the long-term trends of rainfall and making the rainfall
fluctuations compared with one another among the different regions on the basis of a single
criterion of the permillage to the mean annual rainfall of each station.

The Present drift sands(PD) which characterize the local active dunes are divided into
several layers by thin humic layers and unconformities at every surveyed dune. There-
fore, the phases of dune activities can be revealed based on the dune sand stratigraphy.
Some dunes in the areas like Lake Mungo, several places in Eyre Peninsula and in Mil-
licent are reported to be active even before the European settlement. Many dunes, however,
became active after the vegetation clearance by the settlers and “C datings of buried
woods in PD unit indicate the ages from 100 B.P. to modern (Suzuki ez af., 1982).

The typical relationship between the stratigraphy of PD unit and vegetation can be re-
cognized in a local active dune near Colignan as follows:

PD unit can be divided into at least two layers, that is, PD II and PD I, the latter of
which is subdivided into PD I-a and PD I-b, in the local active dune near Colignan, south
of Mildura (Photos 1, 2 and Fig. 4). The deposition of PD II is restricted to the crest
of the dune, PD I-a and PD I-b lying successively outward. This shows that the active
area has diminished in size intermittently.” Successional changes of vegetation are clearly
observed according to the stage of stabilization of sand. Namely, on the farthest stabi-
lized area on the windward side Acacia ligulata community with a height of some 5 m is
found, of which the existing period is®estimated as 30 to 40 years by treering survey.
Dodonaea attenuata(Hop bush) community of some 5m height is developed on PD I-b,
the maximum existing period being estimated as 30 years. - There was almost no vegetation
40 years ago over the dune except those places where Acacia ligulata community stands
according to the land owner’s words and oblique aerial photographs taken in 1939. On
PD I-a Dodonaea attenuata community of some 1 to 2m height is found, of which the
existing period is less than 10 years. Dodonaea attenuata grew on PD I-b to the height
of 5m and was buried to die under the sands of PD I-a (Photo. 3). Bare land dominates
over PD II and only patches of Aristida behriana community or Oenothra striata
community exist here and there (Photo. 4). The magnitude in sand drifting of PD II,
where sands are mobile at present, was less announced in August 1980 than in 1976 and
1979, when the reconnaissance surveys were made, judging from the coverage of grass,
development of sand swell and expansion of drifting sands around the dune.

Through a comparison between rainfall data of Mildura and the history of dune acti-
vities revealed by the survey mentioned above, the following conclusion is now obtain-
able, PD II, PD I-a and PD I-b have become active during the periods of rainfall de-
crease, (1)1975, 1976, 1977~79, (2)1967, 1971~72 and (3)1925~30, 1932~35, 1937, 1943
~45, respectively (Fig. 5).

It is further inferred that the dune activities repeated several times are corresponding

to the several periods of rainfall decrease, which are revealed by RMC, after the vege-
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Fig. 5 Relationship between the rainfall fluctuations at Mildura and the dune activities at

Colignan
PD II, PD I-a and PD I-b are the layers of Present drift sands divided by the humic sand”

layers and the unconformities. The age of each layer was determined by both tree-ring survey

and. hearing survey from the settlers. The “period of marked decrease in rainfall” means the

time span when the residual mass curve or rainfall continuously decreased for more than one

year resulting in the amount of the sum of the decrease exceeded 500 andfor 600%: of the mean

annual rainfall of the station.
tation clearance at the end of the 19th century. Particularly the period between 1895 and
1903 when the remobilization of dunes started and there was a record of “desolation and
dust” near Echuca corresponds to the decreasing period on RMC when the decrease in
rainfall amounted to 2,500 % at Mildura and 2,100 % at Hillston.

From the last activity of PD I-b during 1943~45 to 1967, there was no distinct period
of decrease in rainfall and dunes were inactive to allow the invasion of vegetation shown
by Dodonaca attenuata on PD I-b and buried under PD I-a. In 1973 and 1974, there
were the records of maximum precipitation since the beginning of meteorological observa-
tion, and an invasion of vegetation onto PD I-a is recognized. Around 1944, sand dunes
at Fletcher Lake, north of Mildura, became active and their northern rim advanced for 20
m between 1944 and 1980. Tall Eucalyptus camaldulensis (River red gum) of some 15m
height with 50 cm of DBH, once grew in the low marsh, is buried under PD II. Correla-
tive layers to PD I-a and PD-I-b are also recognized here.
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To summarize, it-is concluded that the dunes became active during the time when there
was a decrease in rainfall amounted to more than 500 andfor 600% continuously for more
than one year.

The authors met a very active sand drift in 1979 and 1980 at Inkerman and Port Wa-
kefield, north of Adelaide. According to the information from the inhabitants, the drift
was more active during 1976~77. The RMC of Adelaide endows it with a decrease of
more than 700% (Fig. 6). In the area around Cleve, Eyre Peninsula, the cultivated land
became almost desert covered with drifting sands in 1976 and 1977 wherever land was
plowed at all. In 1980, however, no trace of it remained. The RMC of Cleve has a de-
crease of 600% for 1975~78 and a rapid increase thereafter. The recent maximum
activity around Port Augusta was inferred to be in 1976~77; less active in 1980 than in
1979. The beginning of dune activities around Lake Grace, Western Australia, according
to the information from the residents, was around 1950. It was long after the vegetation
clearance . in.1928 and. corresponds-to. the.. period - of - decrease: on the RMC of Lake .Grace
for more than 1,800% of the years 1947 to 1958, The activities observed in 1979 and 1980
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Fig. 7 Distribution of the humid, moderate and dry periods, and of the periods of marked

decrease in rainfall, which caused the dune remobilizations, of several regions in Australia
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are corresponding to the periods of decrease of 500% in 1976 and 1979.

On the other hand, dune activities on the coastal area near Esperance, west coast of
Millicent and west coast of Eyre Peninsula are quite strong. The decrease of RMC
amounted to 600% at Esperance during 1974~78, 650% at Keith during 1976~78 and
500% at Mt Gambier during 1974~79, and the rainfall condition for the dune activity
has been sufficient. ' ‘

It is firmly concluded that marked dune activities have been taking place whenever the
RMC continuously decreased until the amount of the sum of the decrease exceeded 500
and/or €00% of mean annual rainfall of the region.

From the above discussion, the periods of intensive dune activities have been inferred

for the past from meteorological observation, and are shown in Fig..7.
2. Change in frequency of dry climate and the remobilization of dunes

Dry and humid periods, determined by the analysis of annual rainfall and RMC, are
shown in Fig. 7. The division of climatic regions shown in the right column is after Su-
zuki et al. (1982), which was defined according to both the principal component analysis
of monthly rainfall and the similarity of trend of RMC. A dry period means a time
span when monthly rainfall -deviates negative from the average consecutively for more
than twelve months and the annual rainfall as well. RMC descends with time during this
period. To the contrary, a humid period is reverse. The time span when monthly rain-
fall fluctuates frequently around the ayerage in a short interval are defined as the “mod-
erate period”. These dry and humid periods, however, are not absolute but relative
ones. At Adelaide, for example, if the avera;ge from 1950 to 1979(30 years) was taken,
most of the time since 1840 became “humid periods”, for these 30 years were dry years.
Accordingly, it is better to estimate the rainfall trends for a longer period on the basis of
comparison of the similarity in the trends with other stations when only a short record of
observation is available.

The record of observation available for Keith, near Millicent, is only from 1906, but it
can be extrapolated back to 1860 when the observation began at Mt. Gambier through the
composition process with the data of Adelaide and Mt. Gambier. In the Lake Grace area,
the data from 1915 are available. But the trend is so similar to that of Perth that they
can be extrapolated to 1876, Mildura has the data since 1890. They show such a close
similarity to Townsville that they can be extrapolated as far back as 1870,

After such extrapolations of rainfall data, in consideration of magnitude and of syn-
chronism in change of rainfall, it is concluded as follows:

It is since 1880 that the decrease in rainfall, which mobilized dunes, has become fre-
quent. The RMCs tell that the driest period was from the latter half of the 1890’s to the
first half of the 1940's as pointed out by Gentilli (1971b). The dry period is continuously
distinct from 1940 and from 1955 at Adelaide and Mt. Gambier, respectively, but the
Murray-Darling basin, Sydney, Sympson desert and the Great Barrier Reef-Darling

Downs districts have a humid phase since 1945 or 1950, In southwestern Australia, the
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decrease in rainfall became frequent since 1890 but with less clarity. In the Lake Grace
area, since the beginning of the instrumental observation in 1915, the decrease in rainfall
that mobilized dunes did not appear until the 1940’s. Such a decrease became frequent
long after the vegetation clearance, and then the remobilization of dunes was caused.

In the drought records from the earliest years of the European settlement to 1955 com-
piled by Foley (1957), such reports as follows are found many times in newspapers: “It
was the worst year since 1850 (1897)”, “Conditions worse than 1864 or 1902 or 1914
(1944)”, “Oldest inhabitants had difficulty in recalling a drier season (1944)”, “This had
never happened before in 70 years (1946)”, etc. These expressions do not indicate the
strict magnitude in rainfall deficiency from the climatological point of view but the sen-
suous magnitude of the “drought”. Namely, the magnitudes suggested by these expres-
sions generally the degree of severities not only of dryness but also of damage of crops
and pasturage.

Many of these reports started from the beginning of the 19th century while it is known
that there have been periods of severe drought around 1864, 1895~1902, 1910~15, 1920
~30 and 1940~50 in southeastern Australia. In southwestern Australia, severe droughts
occurred from the latter half of the 1880's to the. first half of the 1940’s. In general,
severe droughts became frequent since the end of the 19th century. Particularly it is said
that the worst drought in the period from the beginning of the settlement to 1955 throughout
southern Australia occurred around 1940, judging from the words of “the worst” and
 “worse than” which were often printed on newspapers. These severe droughts have very
good responses to the ‘“decrease in rainfall” revealed by the analysis of RMC at least
during the period of instrumental observation in each region.

The annual rainfall in the early and middle course of the 19th century was more than
the mean annual rainfall of the last 30 years from 1950 to 1979 not only for Adelaide,
which is now in a dry phase, but also for Sydney which is enjoying a relatively humid
phase now.

Drought is partly a human phenomenon. The more the settlers advanced into a drier
area, the more they had to face frequent droughts. But the above descriptions tell that it
was relatively humid from the end of the 18th century to the end of the 1Sth century
and the dry phase started from the beginning of the 20th century.

All of "C datings of wood buried in and under PD unit show the ages from ca. 100
B.P. to modern. This shows that marked sand drifts occurred frequently within the last
100 years. Although the severity of drought does not always correspond to the activity
of dunes one to one, such reports as follows tell that marked sand drifts occurred during
the severe droughts: “The country. was said to be ‘as bare as desert’ (1884)”, “Duststorms
occurred almost daily causing the death of thousands of sheep. Sand in the wool weighted
the sheep down and they were covered by drifts (1929)”, “Erosion was serious in many
parts of the state (1945)”, etc. (Fig. 6). The remobilization of dunes was caused only by

vegetation clearance as shown by the case of Lake Grace. It has been made clear that
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the remobilization has a very good response to the “decrease in rainfall” as was stated in
the previous section. And it is since the end of the 19th century or the beginning of the
20th century that the decrease in rainfall has become frequent throughout the southern
part of Australia. Therefore, it is concluded as follows:

The remobilized dunes in the southern part of Australia have increased in both number
and coverage with the expansion of the European éettlement. The increase, however, was
not from the end of the 18th century when the settlers: first came, but since the beginning
of the 20th century when the dry climate became more frequent. This circumstance con-

tinues now at least in the southern part of Australia.

IV Conclusion

The active dunes in the Australian continent are classified into two types of areal dis-
tribution pattern and activity. One is the “regional active dunes” spreading over the
inner arid zone, and the other is the “local active dunes” which are distributed in patches
in the southern semi-arid and humid zones with a sharp contrast to the surrounding stable
dunes completely ‘covered with vegetation.

The presently drifting sands on the local active dunes are supplied not from seashores
or riverbeds, but from the windward erosional areas on fossil dunes themselves. Namely,
the local active dune is a result of remobilization of fossil dune.

The strata of dunes since the late Pleiscotene are composed of four units. They are
called, from the bottom, latest Pleistocene dune deposits (ca. 25,000~13,000 B.P.), Holo-
cene older dune sands (ca. 6,000~ 3,000 B. P.),'Holocene younger dune sands(ca. 2,000~700
B.P.) and Present drift sands (after ca. 100 B.P.). Areal correlation between the patched
distribution of the local active dunes and the thickness of the dune sands of the latest
Pleistocene and mid-late Holocene ages is quite strong. It is confirmed that the patched
distribution of local active dunes is not due to the local difference in climate, but due to
the patched distribution of thickness of the sand beds.

The Present drift sands which characterize stratigraphically the local active dunes are
divided into several layers at every surveyed dune. Both the succession stages of vegeta-
tion and the existing periods of plant community on the local active dunes differ clearly
from part to part on dune according to the period of accumulation and of stable stand of
each layer of Present drift sands. )

Although some of local active dunes are reported to have been active even before the
European settlement, most of them started sand drifts after the vegetation clearance by
the settlers judging from the C datings and hearing surveys. Therefore, almost all of
them can be called “remobilized dunes”. The history of recent dune activities was re-
vealed by the geologic, geomorphologic and vegetation surveys mentioned above and
confirmed by the hearing surveys from the settlers.

The rainfall fluctuations were induced by the analysis of instrumental records. The re-

sidual mass curves were mainly used for the examination of the relationship between the
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rainfall fluctuations and the dune activities. The drought records from the earliest years
of the European settlement to 1955 were additionally analyzed from the viewpoints of both
the rainfall trend and the dune activity. _ '

The examinations of the relationship between the recent dune activities and the rainfall
fluctuations lead to the following conclusions: )

The marked dune activities have been taking place whenever the residual mass curve
of rainfall continuously decreased resulting in the amount of the sum of the decrease exce-
eded 500 and/or 600% of the mean annual rainfall of each region.

It is since 1880 that the decrease in rainfall, which caused the remobilization of dunes,
have become frequent over the southern part of Australia, The severe droughts reported
on old newspapers, when the marked sand drifts also occurred, have very good responses
to the decrease in rainfall revealed by the analysis of rainfall data. The droughts became
also frequent since the end of the 19th century and the worst droughts through the period
after the European settlement occurred around 1940. The annual rainfalls in the early and
middle course of the 19th century were more than the mean annual rainfall of the last
30 years not only for Adelaide which is now in a dry phase, but also for Sydn.ey which
is enjoying a relatively humid phase now.

These facts mentioned above tell that it was relatively humid from the end of the 18th
century to the end of the 19th century and the dry phase started from the beginning of the
20th century. The local active dunes have increased in both number and coverage with
the expansion of the European settlement. But the increase was not from the end of the
18th century, but since the beginning of the 20th century when the dry climate became
more frequent. This circumstance continues now at least in the southern part of Australia.
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Photo. 1 Distribution of local ‘active dunes around Mildura

The local active dunes are found to exist in patches in the area where the longitudinal
dunes are distributed in parallel over orchards, wheat fields and pastures.

Photo. 2 Oblique aerial view of the surveyed dune at Colignan westwards across

the Murray river; showing many swells of sands formed on the dune
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Photo. 3. Dodonaea attenuata community on PD I-b buried by PD I-a

It was revealed that PD I-b was stabilized around 1950 and the drift of PD I-a started
about 1970 by the tree-ring survey and by the hearing survey.

Photo. 4. The vegetation on PD II

Bare land dominates over PD II and only patches of Aristia behriana community or
Qenothra striata community exist here and there.



