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BIRD, E.C.F., and JONES, D.J .B., 19S5. The origin of'foredunes on the coast of Victoria. Journal
of Coastal Research, 4(2): ISI-192. Charlottesville (Virginia), ISSN 0749-020S.
Foredunes are ridges of wind-deposited sand built at the back of a beach, whereas beach ridges
are wave-built features (berms that persist), Evidence of the initiation of foredunes has been
obtained from successively surveyed transverse beach profiles at points along the Victorian
coastline. Some have formed where wave-built beach ridges became colonised by strandline vegetation that trapped wind-blown sand; others were initiated when the seaward margins of backshore sand terraces or hummocky dune topography were cut back by storm waves. Sand-trapping vegetation may germinate in zones of seed-bearing strand litter on a beach, but these are
usually deposited on, or as part of, a wave-built beach ridge.

Additional Index Words: Aeolian activity, beach profiles, beach ridges, dunes, waves, coastal
vegetation, sandy coast.

INTRODUCTION
Foredunes are ridges of sand built by wind
deposition at the back of a beach. Some coasts
have multiple foredunes parallel to the coastline, separated by elongated depressions known
as swales. Where these occur, the depth of
weathering and soil profile development on the
foredunes typically increases landward, indicating that these dunes were built successively
as the coastline prograded (BIRD, 1961). The
mode of origin of such foredunes, and the associated evolution of the intervening swales, has
been the subject of much discussion, and several hypotheses have been put forward (e.g .
HESP, 1984, 1985; BIRD, 1985a). Some confusion has arisen in the use of terminology, and
it is necessary to distinguish between foredunes, as defined above, and beach ridges,
which are successions of wave-built features
formed at, or slightly above, high tide level, at
the limit of wave swash. Berms are impersistent wave-built ridges found at various levels
on the beach face: if a berm is built at high tide
level and persists for more than a spring tide
cycle it may be regarded as an incipient beach
ridge. Unfortunately, several authors in Australia have described foredunes as beach ridges,
thereby blurring an important genetic distiric87024 received 22 June 1987; accepted in revision 23 September
1987.

tion, and the confusion has been compounded by
such statements as "beach ridges are in fact
relict foredunes" (HESP, 1984, p. 85).
Beach ridges are most clearly developed
where the shore sediment is coarser than sand,
and there is no question of any aeolian contribution to their evolution. Shingle beach ridges
are well known in Britain, where such features
as the cuspate foreland at Dungeness and the
recurved spit at Hurst Castle are composed
largely of well-rounded flint gravel delivered to
the shore by onshore and longshore drifting,
and thrown up into successive ridge formations
by storm waves or heavy swell (STEERS, 1964).
On the Victorian coast (Figure 1) shinqle
beaches occur only locally (BIRD, 1972), but at
Point Scott, on the shores of the Gippsland
Lakes, there are parallel shingle beach ridges,
with amplitudes of less than a metre (Figure
2,A). Similar beach ridges have formed locally
where the beach material is dominated by
shells and shelly debris. On the coast of Victoria, shelly beaches are found close to areas
where the shell fauna is particularly rich, such
as nearshore reefs and estuarine environments
(GELL,1978), and at Point Wilson, on the western shores of Port Phillip Bay, shell deposits
have been built into a lobate foreland in stages
marked by numerous low beach ridges, washed
up by wave action during stormy episodes (Figure 2,B). Sandy beach ridges are rare, because
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Figure 2. Profiles surveyed across wave-built beach ridges on the Victorian coastline: (A) shingle beach ridges at Point Scott,
Gippsland Lakes, (B) shelly beach ridges at Point Wilson, Port Philip Bay, (C) sandy beach ridges at Duck Point, Corner Inlet.
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sand is so readily mobilised by wind action, and
they are almost invariably capped by aeolian
sand accretion, and thus converted into foredunes. However, parallel sandy beach ridges do
occur on coasts protected from strong wind
action, as at Duck Point, on the sheltered western shores of Corner Inlet (Figure 2,C).
Foredunes, as distinct from beach ridges, are
found on parts of the coast of Victoria that prograded in Holocene times as the result of sand
deposition during the later stages of the worldwide Late Quaternary (i.e. Flandrian) marine
transgression and the ensuing stillstand
(BIRD, 1981). The Ninety Mile Beach, for example is backed by up to 17 Holocene foredunes,
built roughly parallel to the present coastline,
and indicating episodes of progradation as sand
moved in from the continental shelf. These foredunes are up to 20 metres high, and carry a
cover of scrub and woodland vegetation on podzolic soils that become deeper to landward
(BIRD, 1978). It is difficult to determine how
they originated, for during the past century erosion has been prevalent on sandy coastlines in
victoria (BIRD, 1980), and new foredunes are
found only on the limited and localised sectors
where progradation has continued, mainly on
spits and cuspate forelands, and alongside artificial breakwaters. The present paper seeks to
elucidate the origin of such foredunes.

METHODS
Our first approach to this program was to
examine the internal structure and granulometry of established foredunes. A section cut
through a foredune near the mouth of Shallow
Inlet, on the shores of Waratah Bay, showed
fine well-sorted sand with layers of blown
seaqrass litter overlying coarser shelly sand
(JONES, 1985). Grain size analyses indicated
that the fine sands were positively skewed, and
the coarser sands negatively skewed, distributions characteristic of dune and beach sands
respectively (FRIEDMAN, 1961), but there
were some layers of positively skewed sand in
the upper part of the coarser sediment, possibly
sand eroded from nearby dune sand deposited
by wind action on the aggrading beach face in
the manner described by SO (1982) from the
ocean beach at Portsea in Victoria. However, it
was realised that this approach could do no
more than confirm the undisputed fact that
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fore dunes are aeolian formations overlying a
foundation of wave-deposited beach sand, and
we decided that it would be more useful to
examine successively surveyed beach profiles,
obtained in the course of monitoring changes at
several points on the coast of Victoria, for evidence of fore dune origin.
The information available was in the form of
transverse beach profiles surveyed with a
quick-set level mounted on a tripod, using tacheometry to determine horizontal distances.
These surveys have been repeated at intervals
during the past 30 years on transects at various
points along the Victorian coastline, with supplementary photographic recording of coastal
features. They were intended as a basis for
monitoring coastline changes, but they incidentally include evidence of early stages in the formation of foredunes, many of which have persisted on prograded sectors of the coastline.
Retrieval of this information provided us with
examples of ways in which foredunes have been
initiated in Victoria, and the results are presented as a contribution to the discussion of
fore dune evolution on sandy coastlines.

ORIGIN OF FOREDUNES
In 1957 Davies suggested that the parallel
dune ridges found behind sandy beaches in Tasmania originated successively on wave-built
berms that persisted long enough to become
beach ridges, and to be colonised by grassy vegetation, which trapped wind-blown sand and led
to the upward growth of foredunes. Parallel
foredunes thus developed, each marking a stage
in the progradation of the sandy coastline. The
separation of the ridges by swales was the outcome of alternations of 'cut-and-fill' of the
beach, with erosion during episodes of destructive storm wave activity and accretion from
constructive swell (DAVIES,1957).
Similar dune ridges have developed on the
sandy forelands that built up on either side of
the breakwaters at the artifical entrance to the
Gippsland Lakes after it was opened in 1889.
When they were surveyed in 1958 these forelands carried up to three parallel grassy dune
ridges in front of a cliffed margin of the older
dune barrier, a feature which commemorated
the pre-1889 alignment of the Ninety Mile
Beach. It was deduced, following Davies' suggestion, that these ridges were foredunes that
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had developed on successively-formed beach
ridges as the coastline prograded; that grassy
vegetation had colonised the beach ridges, leaving the intervening swales unvegetated, and
that the grasses had trapped sand blown from
the adjacent beach to build up foredunes (BIRD,
1960).
Alternative hypotheses have since been put
forward for the origin of such foredunes. On the
basis of studies on the New South Wales coast,
McKENZIE (1958) suggested that foredunes
were initiated by the trapping of sand by vegetation spreading forward from the back of a
beach. There is no doubt that a backshore terrace (i.e. a flat bench with a seaward scarp: Figure 3A) can be built in this way, but it is difficult to explain the formation of successive
ridges and swales unless the spread of vegetation is somehow interrupted, and McKenzie's
hypothesis offered no explanation for this separation of ridges by swales.
More recently, HESP (1984) made detailed
surveys of the evolution of foredunes on the
coast of the Fens Embayment,near Myall Lakes
in New South Wales, and stressed the role of
vegetation in fore dune initiation. He suggested
four modes of formation of incipient foredunes:
Type la where embryonic dunes are initiated by
sand deposition within and in the lee of discrete
plants; Type lb where foredunes are initiated
within discrete zones of seedlings; Type 2 where
foredunes originate by sand deposition within
laterally extensive colonies of either seedlings
(Type 2a) or rhizomes (Type 2b). Types lb and
2a both require that foredunes originate along
lines of seed-bearing strand litter deposited at
the swash limit of high spring tides. When
grasses such as Spinifex germinate from such
strand litter they begin to trap wind-blown
sand, derived mainly from the beach, and eventually build it into a foredune parallel to the
coastline. Type 2b appears to be a revival of the
McKenzie hypothesis, a qood explanation for
the formation of backshore terraces but requiring elucidation where successive parallel foredunes have developed. In the example given
from the Fens Embayment, HESP (1984, p. 82)
indicated that wind-blown sand was "preferentially trapped" in a discrete zone on the outer
edge of such a grassy terrance, and that this
became a ridge in front of a swale, but the transition from dune terrace progradation with
spreading rhizomes to preferential trapping of

aeolian sand to form a ridge at the outer edge
was not explained.
In a subsequent paper, HESP (1985) asserted
that he had not observed the crests of berms
being successfully colonised by pioneer plant
seedlings, and therefore rejected DAVIES'
(1957) hypothesis.

EVIDENCE FROM VICTORIA
As has been noted, progradation of sandy sectors of the Victorian coastline during the past
few decades has been limited and localised.
Where such progradation has taken place, the
backshore generally consists either of a grassy
terrace, or irregular hummocky topography
with embryonic dunes developing around
grassy tussocks, or of foredunes of varying
dimensions (Figure 3).
At Apollo Bay two new parallel foredunes
have developed behind the beach, which has
prograded adjacent to the harbour breakwater,
completed in 1955. Successive surveys of the
beach profile along the line of an old pier
(demolished in 1956) have shown the development of parallel foredunes (Figure 4). By 1959
a single berm had persisted as a beachridge,
and was being colonised by grasses. By 1966
this had grown into a foredune, and a hummocky area had developed in front of it, with
tussocks of marram grass (Ammophila arenaria). In 1972 these hummocks had coalesced
into a second foredune, which has since grown
rapidly. The intervening swale was at first a
bare sand area, but by 1975 grassy vegetation
had spread across it, as shown in the photograph accompanying Figure 4.
The sandy forelands alongside the breakwaters at Lakes Entrance have increased only
slightly in area since they were surveyed in
1958, although the prograded beach has lengthened both eastward and westward. Evidence
from air photographs and field surveys has been
used to assemble Figure 5, which shows the
outer grassy foredune on the western flank,
which is now more than 3 metres high. It began
to form in the summer of 1969-70 on a zone of
pioneer dune vegetation (mainly Cakile maritima) that developed on the line ofa berm which
persisted as a beach ridge.
Near Somers, in Westernport Bay, sand has
drifted eastwards along the shore to accumulate on cuspate forelands at Cormorant Point
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Figure 3. Bac kshore dun e to pography on t he Victorian coastline : (A) du ne te r race under Spinifex at Waratah Bay (Dece mbe r
1959), (B) hu mmocky dunes with tussocks of Ammophila at Wara tah Bay <December 1985), (C) parall el for edunes with intervening
un vegeta ted swa les at Sa ndy Poi nt, Wes ternport Bay . Th e woodland to the rig ht marks th e 1940 coastli ne, th e foredune with a
survey pole ca rries Cak ile mar iti ma sh rubs, a nd the younger fore du nes to the left bear Ammoph ila arena ria (ma r ra m grass)
(December 1984).
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Figure 4. Evolution of parallel for edunes on th e shore a t Apoll o Bay, Vict ori a , as indicated by successive surveys of beach pr ofiles.
Th e ph otograph (December 1984 ) shows tw o parall el for edunes built her e since t he h arbour br eak water (le ft) wa s comple te d in
1955 : marram grass (A m mop h il a ar en ar ia ) cove rs both for edunes a nd the interve ni ng swa le.

and Sandy Point (BIRD , 1985b). Monitoring of
changes along this beach since 1966 has indicated three modes of foredune initiation. The
first occurred near Sandy Point, where a beach
ridge that formed during a phase of progradation in the summer of 1973-74 persisted, and
was colonised by marram grass in 1975 . Trapping of wind-blown sand by the marram grass
has since resulted in the growth of a new foredune (F ig u r e 6 ) in the manner proposed by
DAVIES (1957). The swale immediately behind
this dune has remained unvegetated, and
indeed has been deepened by wind scour, which
has removed sand and exposed root systems
(Figu r e 7).
The second, at Navy Beach, 3 kilometres to
the west , occurred where Spinifex spread forward from a pre-existing dune to trap sand and

build an almost horizontal terrace, the outer
edge of which was cut back as a cliff during a
storm in the winter of 1979. In the course of this
storm some sa nd was thrown up on to the outer
edge of the terrace to form a ridge which , colonised by marram grass, has subsequently grown
into a large foredune (Figur e 8). Evolution here
has been simil a r to Hesp 's Type 2b . The third,
at Cormorant Point, wa s where rapid progradation had been accompanied by the development of an irregular pattern of Cak il e and
Ammoph ila tus socks on a wide , hummocky
backshore, in the manner of He sp's (1984) Type
lao In the winter of 1986 this hummocky terrace
was trimmed back by strong waves to form a
cliffed margin which received a capping of
storm-thrown sa nd. By December 1986 this had
been colonised by veget a t ion, a nd was growing
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Figure 6. Profiles showing the evolution of a beach ridge, on which a foredune subsequently developed, at Sandy Point, Westernport Bay. (Surveyed by E.C.F. Bird).

up as an elongated foredune, in contrast with
the previous random hummocky topography
(Figure 8).
Near the entrance to Lake Tyers, in eastern
Victoria, repeated profiling of the shore by K.
Hopkins, of the Victorian Land Protection Service, has demonstrated the initiation of a foredune. A 1979 survey showed a berm in front of
a swale which subsequently filled with sand,
and foredune qrowth began when a zone of
Ammophila seedlings appeared here early in
1980, as shown in Figure 9. The sequence of
events here is much as in HESP's (1984) Type

lb, for the new foredune has grown up along the
zone where seedlings germinated from the
stranded litter. The profile surveyed on 13 February 1980 was almost smooth, although it
could be argued that the seedling zone had
developed on a faint incipient beach ridge.

DISCUSSION AND CONCLUSIONS
Evidence from the Victorian coast thus shows
that foredunes have originated in various ways.
The sequence proposed by DAVIES (1957) has

Journal of Coastal Research, Vol. 4, No.2, 1988

Ori gin of Foredunes in Au strali a

189

ssw

NNE
MARRA M
GRASS

~~

itld / :

Otl s

X

\1 0ry "/

~
/
~

~ --.......~ ,.

\"

///

~~
T ,-""'" :/
accretion .....-~ ~
accr et io n
~deflation~
2h

M etr es

Figure 7. Th e pa ttern of wind curren ts ge nerated by a n onsh ore wind a cr oss th e for edune shown in Figure 6, traced by obs erv ing
th e flow of smok e from a flare held at X. Exp osure of root netw orks (as shown in the accompa ny ing photograph t aken in December
1984 ) indicates that th e swa le ha s been deepen ed by such wind a cti on .

been s u p por t e d by evidence from successive
profile surveys at Apollo Bay and Sandy Point.
Hesp 's rejection of thi s h ypothesis on the
grounds that his " obs e r va t ions indicate that
the crests of berms are never successfully colonised by pioneer plant seedlings" is contradicted
by these examples .
Foredunes have also originated where a
sandy terrace or hummocky backshore topography has prograded, then been cut back so that
the outer margin is steepened, and receives a

capping of storm-thrown sand . The alignment
of a foredune parallel to the coastline can thus
be determined either by constructive wave processes (bu il d ing of berms that persistas beach
ridges and become foredune foundations) or by
destructive wave processes (cut t in g back into
sandy terraces or low hummocky topography,
with storm-thrown accretion on the crest of the
resulting cliff) .
Vegetation undoubtedly plays an important
part in foredune initiation , for in the absence of
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a sand-trapping plant cover backshore sand
accretion is irregular and transitory, and blown
sand may drift inland as a transgressive dune.
Deposition of seed-bearing strand litter at the
swash limit of the highest spring tides provides
good conditions for the development of vegetation in a zone parallel to the breaking waves,
and subsequent sand accretion within such vegetation will lead to the development of a foredune parallel to the coastline.
On the Victorian coast the seed-bearing litter
generally contains an admixture of sandy
material. If it is deposited against the margin
of pre-existing vegetated dunes, these will grow
seaward with the spreading vegetation to widen

a backshore terrace, but if it is deposited on the
beach some distance in front of pre-existing
vegetated dunes, the intervening zone may persist as a swale after the germinating vegetation
begins to trap wind-blown sand. This was the
situation on the coast near Lake Tyers, where
the deposition of seed-bearing strand litter on
the beach, located subsequent foredune growth
in the manner described by HESP (1984). But
in such cases the mixture of strand litter and
beach sand has topographic expression on the
beach face, and really constitutes a beach ridge.
The distinction between Hesp's suggestion that
foredune alignments depend on the formation of
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Figure 9. Successive surveyed profiles across a cuspate foreland at Cormorant Point, Westernport Bay, showing the development
of irregular hummocks of wind-blown sand under Cakile maritima shrubs by January 1986. The outer margin of this terrain was
cut back during a winter storm in 1986, forming a backshore ridge of storm-thrown sand which subsequently grew up as a new
foredune.
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Figure 10. Successive profiles (surveyed by K. Hopkins) of the beach west of Lake Tyers, Victoria, showing how grasses germinating from seed-bearing strand litter (13 February 1980) have trapped sand to develop a foredune along the litter zone.

a wave-deposited zone of seed-bearing strand
litter, and Davies' view that these alignments
are determined by the formation of a wavedeposited beach ridge is thus a fine one, depending on the topography produced by the deposition of strand litter.
The foredunes and associated swales initiated
in these various ways are essentially similar
morphologically, and it is not possible to deduce
their evolution from their present form. Our
study illustrates the importance of repeated

beach profile surveys in providing evidence of
early stages in foredune formation.
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