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ABSTRACT

Many anabranching rivers are character-
ized by dynamic interactions between fluvial
processes and riparian vegetation, but uncer-
tainties surround the processes and time
scales of anabranch development. We use
geomorphological investigations and opti-
cally stimulated luminescence (OSL) dating
to determine spatial and temporal trends in
the development of anabranching along a
6.5-km-long reach of Magela Creek in the
seasonal tropics of northern Australia. Many
trees and shrubs that survive the wet-season
floods establish on the sandy beds and lower
banks, such that anabranches divide and
rejoin around numerous ridges and islands
that are formed mainly by accretion in the lee
of in-channel vegetation and, less commonly,
by excision from formerly continuous island
or floodplain surfaces. Once ridges and islands
form, colonizing vegetation maintains their
stability by increasing sediment cohesion
and decreasing flow erosivity. Over the Holo-
cene, Magela Creek has vertically aggraded
and extended in length by delta progradation
into Madjinbardi Billabong, resulting in a
time sequence of anabranches and associated
ridges and islands from older (upstream) to
younger (downstream). OSL ages for islands
in the upstream and middle reaches are
ca. 1.6 ka and older, and the narrow, deep
anabranches (width/depth [w/d] typically
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~10-30) have few in-channel obstructions.
Farther downstream, island OSL ages are
ca. 0.7 ka and younger, anabranches tend to
be wider and shallower (w/d >30) with more
obstructions, and splays and locally scoured
island and floodplain surfaces are more com-
mon. Based on these findings, previous flow
and sediment-transport measurements, and
theoretical analyses, we posit that there is
a decline in anabranch efficiency from an
upstream equilibrium system in mass-flux
balance to a downstream disequilibrium
system characterized by bed aggradation
and localized island and floodplain ero-
sion. In the downstream reaches, inefficient
(high w/d and obstructed) anabranches do
not persist because they either aggrade and
are abandoned, or they are subdivided into
more efficient (lower w/d and less obstructed)
anabranches as a result of the interactions
between in-channel vegetation growth and
ridge and island accretion or local excision.
Consequently, a more efficient anabranching
system gradually develops with characteris-
tics similar to those in the upstream reaches.
This enhances downstream sediment trans-
fer, which enables ongoing delta prograda-
tion and provides fresh sediment surfaces
for vegetation to colonize and initiate new
anabranches. The OSL ages from Magela
Creek demonstrate that a recognizable but
relatively inefficient anabranching system
can develop within a few centuries, while
adjustment to a more efficient system occurs
over a few millennia.
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INTRODUCTION

Over recent decades, research into the com-
plex and subtle interactions between fluvial
processes and riparian vegetation has steadily
increased, and numerous publications have
addressed such interactions in the context of
the broader themes of hydroecology or flu-
vial ecogeomorphology (e.g., Osterkamp and
Hupp, 1996; Thoms and Sheldon, 2000; Gur-
nell et al., 2000; Acreman, 2001; Dyer et al.,
2002; Bennett and Simon, 2004). The influ-
ence of fluvial processes on riparian vegetation
patterns has been investigated (e.g., Hupp and
Osterkamp, 1996; Bendix and Hupp, 2000;
Johnson, 2000), while a combination of field,
experimental, and various modeling approaches
has explored the influence of vegetation and
associated woody debris on many aspects of
river-channel process and form, including:
(1) flow resistance (e.g., Darby, 1999; Kean
and Smith, 2004; Heritage et al., 2004); (2) the
strength and stability of channel banks, beds,
bars, and islands (e.g., Ikeda and Izumi, 1990;
Huang and Nanson, 1998; Abernethy and
Rutherfurd, 1998; Gurnell et al., 2001; Brooks
and Brierley, 2002; Pollen et al., 2004; van de
Wiel and Darby, 2004); and (3) channel cross-
section and planform adjustments (e.g., Mil-
lar, 2000; Gran and Paola, 2001; Murray and
Paola, 2003; Tooth and Nanson, 2004; Tooth
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and McCarthy, 2004; Tal et al., 2004; Tal and
Paola, 2007).

Knowledge of this vegetative influence is
of interest to fluvial geomorphologists, fluvial
sedimentologists, river engineers, and river
managers, for it can contribute to improved
understanding of past, present, and future river
behavior. For instance, during the Phanero-
zoic Eon, the behavior of many fluvial systems
changed dramatically, in large part owing to the
evolution of land plants during the early Paleo-
zoic (Schumm, 1968; Miall, 1996; Eriksson et
al.,, 1998), and contemporary vegetated river-
ine settings can provide modern analogues to
aid interpretation of ancient fluvial successions
(e.g., Fielding and Alexander, 2001; Nakayama
et al.,2002; Ward et al., 2000). Over shorter (late
Quaternary and historical) time scales, many
river systems have undergone dramatic changes
that can in part be attributed to changing ripar-
ian vegetation assemblages, especially in catch-
ments heavily impacted by extreme floods (e.g.,
Osterkamp and Costa, 1987; Friedman et al.,
1996), land-use changes and flow regulation
(e.g., Johnson, 1997; Merritt and Cooper, 2000;
Brooks et al., 2003), and/or invasion by exotic
vegetation species (e.g., Graf, 1978, 1979; Grif-
fin et al., 1989; Rowntree, 1991). Knowledge of
this vegetative influence can thus greatly inform
river rehabilitation or restoration schemes (e.g.,
Francis, 2006) and is also a key element in
ongoing efforts to anticipate and mitigate unde-
sirable future adjustments to river systems that
may result from natural or human-induced envi-
ronmental change (e.g., Johnson et al., 1995;
Brookes et al., 2000).

Despite growing recognition of the key
influence of vegetation on rivers, many areas
of uncertainty remain. Prominent unresolved
issues include: (1) the extent to which vegeta-
tive factors (e.g., type, density, age, health, bank
position) and river size determine the strength
of the influence; (2) the means by which indices
that quantify this influence may be developed;
and (3) the characteristic rates, frequency, and
timing of vegetation-induced channel changes
(e.g., Thorne, 1990; Abernethy and Rutherfurd,
1998, 2000; Millar, 2000; Simon and Collison,
2002; Micheli and Kirchner, 2002; Simon et
al., 2004; van de Wiel and Darby, 2004). Aus-
tralia’s fluvial environments provide abundant
opportunities for further research into these
issues, particularly in the arid, semi-arid, and
seasonal tropical regions where various tree,
shrub, and grass species grow preferentially
on the beds and lower banks of ephemeral or
intermittent, gravel- and sand-bed river chan-
nels. Many of these riparian species are oppor-
tunistic and have evolved establishment and
regeneration strategies that are dependent upon

1022

Tooth et al.

physical disturbance and the water, sediment,
and nutrients supplied during irregular flood
events, while various structural modifications
and growth habits enable them to survive in
these highly stressed habitats. Where present in
sufficient densities, these riparian species can
exert a strong influence on fluvial processes and
forms (Graeme and Dunkerley, 1993; Fielding
et al., 1997; Tooth, 2000; Tooth and Nanson,
2000a; Sandercock, 2004), and, in many cases,
they are key factors promoting the develop-
ment of anabranching, whereby multiple chan-
nels divide and rejoin around semi-permanent,
vegetated ridges or islands that are commonly
elevated to around bankfull stage (Wende and
Nanson, 1998; Taylor, 1999; Tooth and Nan-
son, 1999, 2000b, 2004).

Although particularly prevalent in Australia,
anabranching rivers (including anastomosing
as a low-energy, fine-sediment subset) occur
across a spectrum of climatic and physiographic
settings worldwide, and they are at least partly
aresponse to resistant banks provided by cohe-
sive sediment or riparian vegetation (Nanson
and Knighton, 1996). Nevertheless, despite
being widely described from both modern
and ancient examples (Makaske, 2001), there
is limited understanding of how anabranching
develops over space and time because infre-
quent or short-lived floods commonly make it
difficult to obtain lengthy time series of flow
and sediment measurements, and because rates
of channel and vegetation change typically are
very slow relative to the length of most field
monitoring programs. These uncertainties sur-
rounding anabranching development have con-
tributed to vigorous debate as to whether it can
represent an equilibrium (i.e., stable, efficient)
river pattern exhibiting sediment mass-flux
balance (Nanson and Huang, 1999; Tooth and
Nanson, 2000a; Jansen and Nanson, 2004), or
whether it is largely or solely a disequilibrium
(i.e., unstable/transitional, inefficient) pattern
geared toward long-term sediment storage
(Makaske, 2001; Tabata and Hickin, 2003;
Abbado et al., 2005). To resolve this debate,
a better understanding of the processes and
time scales of the development of different
anabranching rivers is necessary.

In some settings, an ergodic approach can
be adopted whereby spatial (along-stream)
changes in the character of the anabranches
and associated vegetation are used to infer the
processes that control the temporal sequence
of anabranching pattern development. Magela
Creek in the seasonal tropics of northern Aus-
tralia (Fig. 1A) provides a good opportunity to
conduct such a study because a large body of
background data exists regarding its hydrology,
sedimentology, and late Quaternary history, and

because previous studies have alluded to the
important role of riparian vegetation in forming
and maintaining its characteristic anabranching
pattern (e.g., Pickup et al., 1987; Hart et al.,
1987; Roberts, 1991; Wasson, 1992; Nanson
et al., 1993; Nanson and Knighton, 1996; L.
Erskine, 2002; Jansen and Nanson, 2004). The
aims of this paper are thus threefold: (1) to doc-
ument changes in anabranch morphology along
Magela Creek; (2) to use these field results and
optically stimulated luminescence (OSL) dat-
ing to infer the key processes and chronology
of anabranch development, including the role
played by vegetation; and (3) to discuss the
underlying principles governing anabranch
development, and the associated implications
for downstream water and sediment flux. The
findings presented here contribute to improved
analysis of Australian anabranching rivers in
particular, but also to a growing appreciation of
the global diversity of anabranching rivers and
channel-vegetation interactions in general.

REGIONAL SETTING

Magela Creek (catchment area of ~1565 km?)
is located near Jabiru in the southeastern part
of Kakadu National Park, Northern Territory
(Fig. 1A). Its headwaters arise on the low-relief
Arnhem Land Plateau, which consists mainly
of quartzose sandstone (Kombolgie Subgroup).
The creek then descends an ~200-m-high
escarpment through a steep gorge before tra-
versing the Koolpinyah Surface (Fig. 1A), a
lowland complex of eroded Paleoproterozoic
metasediments capped with Cenozoic alluvial,
colluvial, and estuarine deposits. In the reaches
below the escarpment, anabranching is exten-
sive. Reach-average channel gradient remains
roughly constant at ~0.0005-0.0006 (Fig. 1B),
although there is local variability between
anabranches (Jansen and Nanson, 2004). There
is no evidence of a significant overall decline in
gradient toward the small delta that has devel-
oped where the creek is prograding into Mad-
jinbardi (formerly Mudginberri) Billabong, an
~1-km-long, ~90-m-wide, and ~6-8-m-deep
permanent water body. Downstream of the
billabong, the continuity of the creek is lost
as it traverses a broad (up to 6 km), very low-
gradient, ~200 km? floodplain wetland, and a
defined channel only reforms near to the junc-
tion with the tidally influenced East Alligator
River (Fig. 1A). This study focuses on the
anabranching reaches of Magela Creek between
the Ranger mine and Madjinbardi Billabong
(upstream catchment area ~600 km?; Fig. 1A),
which have been subject to several previous
hydrological, sedimentological, and geomor-
phological studies, as summarized next.
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Hydrology and Sedimentology

Climate in the study area is seasonal tropical
with marked annual wet and dry seasons. Mean
annual rainfall is ~1530 mm (80% falls during
December through March), mean maximum
temperature is 31-37 °C, and mean annual class
A pan evaporation is ~2580 mm (Jabiru air-
port, 1971-2001; Jansen and Nanson, 2004).
The flow regime along Magela Creek is highly
variable; 80% of the annual flow occurs during
January through March, and little or no flow (<1
m?® s7!) occurs during the dry season. Bankfull
discharge, defined as the flow rate when stage is
coincident with the uppermost level of the banks,
is ~40 m® s7! for the creek as a whole, and it is
exceeded ~10-12 times each wet season, with
floodwaters remaining overbank on average for
~40 days each year. The mean annual flood (Q, ,
=525 m’s™) is more than 13 times bankfull dis-
charge, and the largest recorded flood (Febru-
ary 1980) was 1700 m* s' (Northern Territory
Department of Lands, Planning and Infrastruc-
ture; Jansen and Nanson, 2004). Owing to the
low gradient, unit stream powers remain low
(<10 W m2), even during large floods (Jansen
and Nanson, 2004).

Sediment load is derived mainly from weath-
ering of the Kombolgie Subgroup, and it con-
sists largely of medium sand (D, = 0.42 mm)
with minor fines. For the period 1971-1989,
Roberts (1991) estimated the annual sediment
yield passing gauging station 8210009 (Fig. 1A)
to be 12,051 t, consisting of 43% bed material
load, 45% wash load, and 12% solute load. Bed
material discharge is typically <1 kg s~ for flows
up to around bankfull, rising up to ~2 kg s in
larger floods, and suspended sediment concen-
trations are very low, averaging 12-15 mg L'
(Hart et al., 1987; Roberts, 1991; Jansen and
Nanson, 2004). Although several small tributar-
ies arise on the Koolpinyah Surface (Fig. 1A),
they supply very little flow or sediment. Along
Magela Creek, gradient, discharge, and grain
size thus do not change significantly or sys-
tematically downstream, but sediment transport
ends at Madjinbardi Billabong (Fig. 1A), which
is progressively infilling by delta progradation
(see following).

Late Quaternary Sedimentary History

During the Holocene, extensive sedimen-
tation has occurred along the middle to lower
reaches of Magela Creek in response to ris-
ing sea level and development of the estuarine
floodplains of the East Alligator River (Roberts,
1991; Wasson, 1992; Nanson et al., 1993). This
sedimentation has essentially infilled a trench
that was excavated in the Koolpinyah Surface at
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physiographic features and the location of the study reach; and (B) longitudinal profile.
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Figure 2. Oblique aerial photographs of different parts of the study reach illustrating: (A) anabranches with few in-channel trees dividing
around moderate-size ridges and islands (upstream reaches, flow from left to right); (B) anabranches with variable numbers of in-channel
trees dividing around a mixture of large islands and small ridges (middle reaches, flow from left to right); and (C) anabranches with abundant
in-channel trees dividing around numerous small ridges (downstream reaches near Madjinbardi Billabong, flow from bottom to top).

times of lower sea level during the late Quater-
nary, and it has pushed the tidal limit ~40 km
downstream from a position near the upstream
end of the study reach at ca. 6 ka (Nanson et al.,
1993) to its present position near the East Alliga-
tor River. A detailed sediment budget, supported
by thermoluminescence (TL) and radiocarbon
(**C) dates from the alluvial valley fill, demon-
strates that vertical aggradation (~1-2 mm yr™')
has prevailed along Magela Creek during most
of the Holocene but suggests that, at present,
the creek is roughly in mass-flux balance with
much lower vertical aggradation rates (Roberts,
1991; Nanson et al., 1993). The middle to lower
reaches above Madjinbardi Billabong are now
essentially unconfined along the eastern margin
so that aggradation can also occur laterally, but
channel-belt width does not increase system-
atically downstream, and gradual growth of the
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delta into the billabong demonstrates that most
contemporary sedimentation is occurring in the
downstream direction. Aerial photographs and
repeat cross-section surveys show that very
few morphological changes have occurred in
the study reach over the last 50-60 yr, with the
exception of the delta front that has advanced
~190 m between 1950 and 2002 (Jansen and
Nanson, 2003, 2004).

Channel Morphology and Riparian
Vegetation

Upstream of Madjinbardi Billabong, Magela
Creek is characterized by numerous anabranch-
ing channels that divide and rejoin around stable,
vegetated ridges and islands up to several kilo-
meters long (Fig. 2). Ridges tend to be narrow
relative to their length (length/width >10) and

islands are broader (length/width <10), but this
distinction is somewhat arbitrary, and a range of
intermediate forms also occurs. Riparian veg-
etation assemblages are complex (L. Erskine,
2002); the anabranch beds host variable but
generally low numbers of trees (e.g., Melaleuca
argentea, M. leucadendra, Pandanus aquaticus,
P, spiralis), while banks, ridges, and islands are
typically more densely colonized by trees and
shrubs (e.g., M. viridiflora, M. leucadendra),
and an understory of grasses (e.g., Sorghum
spp.) (Fig. 2). At the upstream end of the study
reach, a few islands support dense stands of
large, mature rain forest species (e.g., Lophopet-
alum arnhemicum, Syzygium forte ssp. potamo-
philium, Carralia brachiata). Marginal flood-
plains support a more open, savannah-like tree
cover (e.g., Acacia spp., Pandanus spp., Corym-
bia porrecta) (Fig. 2). Tree sizes and spacings
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along the channel bank lines are variable but
are typically one tree (trunk diameter >0.5 m)
spaced every 2-7 m. Owing to the absence of
clearly defined annual growth rings in many
tree species in the Australian tropics (Ogden,
1978, 1981), dendrochronology is not suitable
for estimating ages, but based on observations
over several decades of monitoring, some of the
larger trees (diameters >1 m) are probably hun-
dreds of years old.

Downstream Channel Changes

In their study of Magela Creek, Nanson et
al. (1993) noted how well-defined anabranches
upstream tended to give way to more “braided”
channels downstream. Jansen and Nanson (2004)
also highlighted downstream trends and, in par-
ticular, observed that the numbers and widths of
anabranches, and the amount of colonizing veg-
etation, tend to increase downstream, trends that
they linked with delta progradation into Mad-
jinbardi Billabong. In this paper, we extend this
work by using detailed field surveys and OSL
dating to infer key processes and time scales of
anabranching development along the creek.

METHODS

The 6.5 km study reach incorporates the low-
est2.5 km of the reach studied in detail by Jansen
and Nanson (2004), starting just upstream of
gauging station 8210009 and extending down-
stream to Madjinbardi Billabong (Fig. 1A).

Field Surveys

Owing to dense vegetation canopies that
obscure many of the smaller anabranches
(Fig. 2), aerial photographs were unsuitable for
mapping downstream changes in anabranching
planform, so differential global positioning sys-
tem (DGPS) surveys were used instead (Fig. 3).
Using one fixed receiver and one strapped to a
rider on an all-terrain vehicle (quad bike), posi-
tions were recorded along the anabranch cen-
terlines and at every anabranch bifurcation or
junction. The limited numbers of channels that
were too small (<3 m wide) to drive down, or
that divided around minor bars (<5 m long and
<1 m high), were not mapped.

To complement the DGPS surveys, 15 cross
sections were surveyed at ~0.5 km intervals
downstream (Fig. 3). Each survey incorporated
all the anabranches present and extended onto
the marginal floodplains and/or valley sides.
Following approaches developed for analysis of
other anabranching rivers (Tooth, 2000; Tooth
and Nanson, 2004), “bankfull” levels for indi-
vidual anabranches across each surveyed sec-
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tion were defined relative to the elevation of a
typically clear break in slope between the bank
face and bank top (banks being represented by
the sides of ridges, islands, or marginal flood-
plains), and the lower level was adopted in
instances where elevations were different on
opposing banks. This morphological defini-
tion of bankfull corresponds closely to those
obtained by alternative methods, such as mini-
mum width/depth (w/d) ratio (Williams, 1978;
Knighton, 1998; Tooth, 2000), and it provides
the only clear and consistent reference level for
comparing downstream changes in anabranch
morphology. Alternative definitions of bankfull
(e.g., by reference to a common flow frequency)
are not appropriate in this setting, since they
would vary between different-size anabranches
(Jansen and Nanson, 2004).

At each surveyed cross section, counts were
made of the number of obstacles to flow on indi-
vidual anabranch beds within 25 m upstream
and 25 m downstream of the survey line. “Obsta-
cles” included live trees and shrubs (>90% of all
obstacles), dead or fallen trees/shrubs, and major
accumulations of coarse woody debris, any of
which could significantly influence flow and sed-
iment movement. Closely spaced (<0.2 m) trees
and shrubs, or multiple trunks growing from a
common rootstock, were counted as one obsta-
cle. Very small seedlings and saplings (diameters
<0.05 m) that had a limited influence on flow and
sediment movement were not included. For each
anabranch, the number of obstacles was divided
by anabranch bed area (bed width multiplied by
50 m) to estimate obstacle density.

OSL Dating

To investigate the ages of ridges and islands
(for simplicity, hereafter referred to generally as
“islands” except when a distinction is relevant),
samples for OSL dating were collected at five
locations that were spaced at roughly equal dis-
tances downstream (Fig. 3). At each location,
samples were collected from the largest island
where its formation clearly could be attributed to
alluvial deposition between anabranches (depo-
sitional islands; see following). This sampling
strategy was expected to provide an approxi-
mation to the maximum age of island develop-
ment at each location and ensured consistency
in island selection by minimizing the risk of
preferentially selecting either small (presum-
ably young) depositional islands, or the local-
ized islands originating as a result of scour and
incision into older alluvium (erosional islands;
see following).

From each selected island, two samples,
~10-60 m apart, were collected from the island
core by augering through sand and minor silt

to a depth of 1-2 m. A 20-cm-long metal tube
was attached to the auger head, pushed into the
bottom of the auger hole until full, and with-
drawn without exposing the sample to light.
Both ends of the metal tube were packed and
sealed with thick black plastic to prevent mois-
ture loss and to ensure that no mixing occurred
within the sample.

OSL dating was undertaken using meth-
ods and instrumentation described in detail in
Olley et al. (2004a). Samples were prepared
using standard procedures (e.g., Aitken, 1998)
designed to isolate pure extracts of 180-212
um light-safe quartz grains. Single-grain OSL
measurements were made using a Risg TL/
OSL DA-15 instrument (described in Bgtter-
Jensen et al., 2000) and by applying the modi-
fied single-aliquot regenerative-dose protocol
of Olley et al. (2004a), which incorporates an
infrared wash prior to each OSL readout. The
“central age model” of Galbraith et al. (1999)
was used to verify that all samples had equiva-
lent natural dose (D,) distributions consistent
with a single population and to calculate burial
doses (D,). Lithogenic radionuclide activity
concentrations in the OSL samples were deter-
mined using high-resolution gamma spec-
trometry (Murray et al., 1987), and dose rates
were calculated using the conversion factors of
Stokes et al. (2003). The B-attenuation factors
were taken from Mejdahl (1979), and cosmic
dose rates were calculated from Prescott and
Hutton (1994). In this seasonally dry, sandy
setting, a long-term average water content of
10% + 5% was used for all samples.

RESULTS

Figures 2 through 7 illustrate the characteris-
tics of anabranching along the study reach. The
number of anabranches generally varies between
two and eight (Figs. 4-5), except in two short
(<100 m) sections that are divided only by bars
and small ridges (Fig. 3, XS2 and XS5). These
latter sections were termed “single channels” by
Jansen and Nanson (2004) because they effec-
tively function as one cross section during flows
near or at bankfull. Subtle downstream changes
in the character of the anabranching pattern
occur, enabling the study reach to be divided
into three broad zones (Figs. 2—6): the upstream
reaches (XS1-XS5), the transitional middle
reaches (XS6-XS9), and the downstream
reaches (XS10-XS15).

Downstream Changes in Anabranch
Morphology and Obstacle Density

The DGPS survey (Fig. 3) illustrates that, in
the upstream reaches, anabranches are relatively
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Figure 3. Plan view map of the
anabranching pattern in the
study reach, as determined
using differential global posi-
tioning system (DGPS) during
the dry season, and the loca-
tions of surveyed cross sections
and optically stimulated lumi-
nescence (OSL) samples. The
boundaries between the three
Zones are approximate only,
and gauging station 8210009
(Fig. 1A) is located on the left-
bank of XS2. As stage increases,
some of the minor ridges are
drowned so that some cross sec-
tions that appear divided dur-
ing zero or low flows effectively
function as a single cross section
at higher flow (e.g., XS2 and
XS5). Note that the lines repre-
sent the anabranch centerlines
(not anabranch bed widths), and
therefore the ridge and island
widths between anabranches
are slightly exaggerated.
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Figure 5. Graphs showing downstream trends in selected parameters along Magela Creek.
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reach. The approximate boundaries between the upstream and middle reaches, and between
the middle and downstream reaches, are indicated (see also Fig. 3). The values of the param-
eters for individual anabranches or ridges and islands at the 15 surveyed cross sections are
represented by open squares. The total or mean values of the selected parameters have been
calculated for each cross section and joined by solid lines to indicate the overall downstream
trends: (A) individual ridge or island widths (open squares) and total ridge or island width
summed across each cross section (solid line); (B) individual anabranch bed widths (open
squares) and total bed width summed across each cross section (solid line); (C) individual
anabranch w/d (open squares) and mean w/d ratio calculated for each cross section (solid
line); and (D) obstacle densities in individual anabranches (open squares) and mean obstacle
density calculated for each cross section (solid line).
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long, and the distances between points of bifur-
cation and confluence are typically >200 m.
Short, narrow ridges are present, but there are
many moderate-size islands up to 500 m long
and 70 m wide (Figs. 3, 5A, and 7B). In the
transitional middle reaches, anabranch lengths
are more variable, and a few anabranches
become shallower downstream before terminat-
ing as sandy splays that form minor (<1.5 m)
topographic highs on island or floodplain sur-
faces (Figs. 3 and 7C). Numerous small ridges
are present, but there is an increased number of
large islands up to 600 m long and 130 m wide
(Figs. 3 and 5A). Large islands are also found
in the downstream reaches, where many island
and floodplain surfaces are marked by splays or
by shallow (<1.5 m), discontinuous scours (e.g.,
Figs. 3 and 7D). In the last 1 km above the billa-
bong, anabranches are typically relatively short
with numerous bifurcations and confluences,
corresponding to a decrease in the number of
large islands and a marked increase in the num-
ber of small ridges (Fig. 5A and 7A).

Cross-section surveys (Fig.4) illustrate
subtle downstream changes. With the excep-
tion of the two “single channel” sections (XS2
and XSS5), the upstream and middle reaches
have relatively narrow and deep anabranches,
whereas the downstream reaches tend to have
wider and shallower anabranches, as shown by
overall downstream increases in total bed width
and w/d ratio (Figs. 5B and 5C). Frequency his-
tograms of w/d ratios clearly illustrate this trend
toward wider, shallower anabranches in the
downstream reaches (Fig. 6). The surveys also
indicate a slight tendency toward greater vari-
ability in the relative elevations of anabranch
beds across a given section in the downstream
reaches, a change that corresponds to an increase
in the number of large (>0.5 m high) 2-D and
3-D dunes.

These downstream changes in the character
of the ridges, islands, and anabranches cor-
respond closely to an increase in the density
of obstructions in the anabranch beds. For any
given surveyed cross section, obstacle density is
highly variable between individual anabranches,
but if the mean obstacle densities for each sur-
veyed section are considered, there is an overall
downstream increase (Fig. 5D), with the excep-
tion of the anabranches immediately above the
billabong. Qualitative field observations also
indicate an increase in the number of seedlings
and saplings (diameters <0.05 m) growing in
anabranch beds in these downstream reaches.

Downstream Changes in Island Age

The OSL analytical data (Table 1) reveal low
overdispersion (G,) values, indicating that the
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sampled sediments were uniformly bleached
prior to deposition (Olley et al., 2004a, 2004b)
and justifying the use of the “central age model”
(Galbraith et al., 1999) to calculate burial doses.
The corresponding OSL ages (Table 1; Fig. 8)
demonstrate that the islands tend to become
younger downstream. Islands 1 and 2 (upstream
reaches) are ca. 2 ka or older, island 3 (middle
reaches) is ca. 1.6 ka, and islands 4 and 5 (down-
stream reaches) are ca. 0.7 ka or younger.

INTERPRETATIONS

Along Magela Creek, the downstream
changes in anabranch morphology, obstacle
density, and island age can be used to infer the
key processes and chronology of anabranch
development. Riparian vegetation appears to
play an important role, as explored next.

Influence of Vegetation on Anabranch
Formation

Field evidence reveals that the ridges and
islands dividing the anabranches along Magela
Creek form in association with vegetation as a
result of both depositional and erosional mecha-
nisms. Previous TL and C dates for the alluvial
valley fill beneath the present-day creek have
demonstrated that aggradation has prevailed over
most of the Holocene (Roberts, 1991; Nanson
et al., 1993), and indeed our field observations
indicate that the ridges and islands mostly form
by depositional mechanisms (Figs. 7A-7B),
and that erosional mechanisms (Figs. 7C-7D)
mainly play a secondary, modifying role.

Depositional mechanisms result from sedi-
ment accretion that occurs in the lee of deep-
rooted trees or shrubs (e.g., Melaleuca spp.,
Pandanus spp.) that are able to establish on a
channel bed during a dry season and survive
subsequent wet-season floods. By introducing a
substantial element of flow roughness and act-
ing as obstacles to flow, these in-channel spe-
cies commonly initiate ridges as small, lee-side
deposits of sand (Fig. 7A). Subsequent coloni-
zation by seedlings/saplings or grasses in the
intervals between floods helps these incipient
ridges to stabilize and encourages further depo-
sition of sediment during subsequent floods, so
that ridges grow longitudinally, laterally, and
vertically (Fig. 7B), and commonly coalesce
with neighboring ridges. These depositional
mechanisms eventually form extensive sub-
parallel ridges or large islands that separate
anabranches, as has been documented for many
riparian vegetation communities in other parts
of central and northwestern Australia (Wende
and Nanson, 1998; Tooth and Nanson, 1999,
2000b). Along the study reach, numerous fea-
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Figure 6. Frequency histogram of w/d for anabranches along Magela
Creek, grouped for cross sections 1-9 (upstream and middle reaches)
and 10-15 (downstream reaches), illustrating an overall downstream
shift to wider, shallower anabranches. Note the near absence of
anabranches with w/d <10, and the limited number of anabranches
with w/d >30 in the upstream and middle reaches.

tures at various stages of this developmental
sequence can be identified; in the downstream
reaches, small incipient ridges representing the
early stages are most common, whereas in the
upstream reaches, larger ridges and well-devel-
oped islands representing the later stages are
most prominent (Fig. 2).

Erosional mechanisms result from overbank
flows that scour floodplain or island surfaces.
The high flow variability, coupled with the vari-
able elevation of anabranch beds relative to the
elevations of the dividing islands or marginal
floodplains (Fig. 4), promotes regular overbank
flows. Vegetation or woody debris may provide
a trigger and/or determine the location of over-
bank flow, especially where channels are densely
obstructed. Locally, scour is initiated by deepen-
ing of minor channels within splay complexes
(Fig. 7C), but, more typically, it occurs beyond
the distal margins of splays to form discontinu-
ous depressions up to 1 m deep (Fig. 7D) that
commonly have prominent knickpoints at their
upstream ends. Ongoing scour and knickpoint
retreat ultimately form a deeper, more continu-
ous channel that is gradually integrated into the
existing anabranch pattern and starts to transport
bed sediment. Along the study reach, splays and

locally scoured island and floodplain surfaces
are particularly prominent in the middle and
downstream reaches, especially on the eastern
side of the channel belt (Fig. 3, XS6-XS13),
but these processes only slightly modify an
anabranching pattern essentially established by
depositional mechanisms.

Influence of Vegetation on Ridge and
Island Stability

Ridges and islands consist principally of
fine to medium sand (silt-clay content <15%),
and thus possess little intrinsic cohesion. In a
creek with such a variable flow regime, and
where velocities and boundary shear stresses
during most flows are above the threshold
for sand entrainment, how do the ridges and
islands dividing narrow anabranches persist?
The strong inference is that once ridges and
islands form, colonizing vegetation plays a
critical role in maintaining their stability by
increasing sediment cohesion and decreasing
flow erosivity. Currently, there is no univer-
sally accepted method for the difficult task of
quantifying the vegetative contribution to bank
(ridge/island) stability (e.g., Abernethy and
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Figure 7. Photographs illustrating depositional and erosional mechanisms of anabranch, ridge, and island formation: (A) small sandy ridge
(~0.5 m high) deposited in the lee of a tree growing in an anabranch bed in the downstream reaches (flow direction toward camera); (B) large,
sandy ridge (~2 m high) colonized with trees and grasses, which separates two well-defined anabranches in the upstream reaches (flow direc-
tion toward camera); (C) sandy splay prograding across a floodplain surface (recently burnt) in the middle reaches (flow direction toward
camera); and (D) ~1.5-m-deep scoured depression on a floodplain in the middle reaches, possibly representing the early stages of anabranch
formation (flow direction from upper right to lower left).

TABLE 1. SAMPLING DETAILS AND ANALYTICAL RESULTS FOR OSL SAMPLES COLLECTED FROM ISLANDS ALONG THE STUDY REACH*

Island  Sample Depth =y “*Ra “°Pb “*Th “K Overdispersion, ~ Dose Rate Burial dose, D, Age
(cm)’ o,(%)' (Gy ky.") (Gy) (ka)
1 M1A 123 60+9 130+ 2 112+7 68 +2 122+ 6 12 3.41 +£0.36 6.77 £ 0.11 1.99 +0.22
M2 110 6.27 +1.23 9.40+0.28 17.3+1.8 8.46+£0.33 9.33+2.18 3 0.60 + 0.06 1.36 £ 0.03 227 +£0.24
2 M4 165 22.3+3.1 258+0.7 275x3.9 184 +0.8 251 +4.4 14 1.00 +0.11 2.75 +0.06 2.75+0.33
M5 175 220=x27 23.8+05 251+3.2 18.4+05 242 + 3.1 18 0.96 +0.10 3.27 £ 0.08 3.40 £ 0.39
3 M7 145 7.98 £2.17 133+04 119x23 10.7+0.5 13.0+ 3.6 22 0.57+£0.06 0.91 =+ 0.04 1.59 +0.19
M9 155 11.8+15 26.1+0.5 38+3 14.4+0.4 27.8+3.0 14 1.04 +0.10 1.72 + 0.04 1.65+0.17
4 M10B 115 121211 8.36 + 0.27 8.33 +1.93 765+0.31 11.4+22 0 0.45 + 0.05 0.31 +0.01 0.69 + 0.08
M11 115 8.86+1.44 17.7+03 21.2x20 104 +04 11.6+1.8 16 0.70 £ 0.07 0.42 + 0.02 0.60 + 0.07
5 M14 120 715+1.29 12.7+0.3 9.99 +1.64 857+047 7.89=x21 0 0.50 + 0.05 0.25 + 0.01 0.50 + 0.06
M15 118 8.69 + 1.64 10.7+03 11.9+2.0 8.75+052 134+25 0 0.55 + 0.06 0.11 £ 0.01 0.20 + 0.03

Notes: All radionuclide values are in Bq kg™. Values less than 10 (and their uncertainties) are reported to 2 decimal places. Values between 10 and 30 (and their
uncertainties) are rounded to 1 decimal place. Values above 30 (and their uncertainties) are rounded to the nearest integer.

*For location, see Figure 3.

'Depth below surface. Sample depths are the mid-points of each sample tube (20 cm long).

‘The relative standard deviation of the single-grain dose distribution after taking into account the measurement uncertainty for each grain. These estimates of 6, were
obtained using the “central age model” of Galbraith et al. (1999). If measurement uncertainties were the only source of variation among single-grain doses, the ¢, would
be zero. For comparison, samples with 6, values less than about 20% are considered to have been uniformly bleached at the time of deposition (Olley et al., 2004b,
2006; Galbraith et al., 2005).
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Rutherfurd, 2000; Millar, 2000; Simon and
Collison, 2002; Micheli and Kirchner, 2002;
Simon et al., 2004; van de Wiel and Darby,
2004), but qualitative field evidence suggests
that this occurs in several ways along Magela
Creek. For instance, many of the tree and
shrub species develop extensive surface layers
of exposed roots (root mats) that help to bind
the unconsolidated sand and provide a protec-
tive bank covering. Experiments along Magela
Creek using a small hydro jet on banks with
different vegetation covers demonstrate this
influence (L. Erskine, 2002; W. Erskine et al.,
2005): application of known water volumes to
fixed bank areas at constant pressure and over
a given duration show that 3—6 times less sedi-
ment is eroded from banks with root mats than
from tree-lined or grass-lined banks without
root mats. Even where root mats are absent or
poorly developed, however, trees and shrubs
growing on bank tops typically have rooting
depths that exceed bank heights, while many
others establish at or near the base of the banks.
Together, these growth characteristics help to
reinforce or buttress the bank and, in many
places, enable bank angles to reach 55-65°,
which is far greater than the angle of repose for
dry or wet sand. In addition, velocity gradients
measured to the boundary during floods dem-
onstrate that submerged vegetation (including
root mats, individual roots, grasses and debris)
also contributes significantly to flow resistance
(L. Erskine, 2002; Jansen and Nanson, 2004;
W. Erskine et al., 2005) by retarding near-bank
and mean flow velocities and minimizing the
potential for sand entrainment.

The stabilizing effect of vegetation is coun-
tered to some degree, however, by the erosive
influence of some trees or shrubs that grow on
anabranch beds. Locally, large (up to 1 m deep)
scour holes form around the extensive root-
stocks of many in-channel species (especially
P. spiralis), and flow may also be diverted
against adjacent ridges or islands, causing ero-
sion. Continued erosion ultimately can result in
destabilization and collapse of channel-margin
vegetation, contributing to a breach in the ridge
or island, or to island or floodplain scour (see
previous). On balance, however, our field evi-
dence suggests that the stabilizing effect of veg-
etation is by far the more important, especially
in the upstream part of the study reach, where
only minor examples of destabilized trees or
recent ridge or island erosion can be identified
(see also Nanson and Knighton, 1996; Jansen
and Nanson, 2004). With the exception of
minor extension of some splays in the transi-
tional middle reaches, and delta growth in the
lowermost reaches, aerial photographs reveal
little change to the anabranching pattern since
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Figure 8. Graph of optically stimulated luminescence (OSL) ages for island alluvium along
the study reach, showing the distinct younging trend through the downstream reaches. Note
that the error bars (10) for islands 4 and 5 are less than the size of the symbol. Distance down-
stream is determined from an arbitrary starting point at the head of the study reach.

1950. In addition, the OSL ages for island allu-
vium (Table 1; Fig. 8) demonstrate that many
ridges and islands are stable, long-lived (cen-
turies to millennia) features and point to the
overall slow rate of channel change.

Influence of Channel Processes on
Vegetation Dynamics

While vegetation clearly influences flow and
sediment-transport processes along Magela
Creek, fluvial processes in turn can influence
vegetation dynamics. Flooding provides a regu-
lar supply of moisture and nutrients, thereby
helping to promote and maintain vegetation
growth, and it also enables seed dispersal. Alter-
natively, flooding can introduce an element
of disturbance, adversely affecting individual
mature plants, saplings, and seedlings through
prolonged inundation, sediment burial, or root
destabilization, and/or by causing damage to
soft tissue through the impact of transported
sediment or debris. These different flooding
effects may favor some riparian plant popula-
tions more than others, since some species are
dependent on physical disturbance to eliminate
competition and provide moist, open sites con-
ducive to germination and growth. For instance,
as has been documented in other Australian riv-
ers (Fielding et al., 1997; Tooth and Nanson,
2000b), once established, populations of many
in-channel species such as Melaleuca spp. can
“engineer their own environment” by diverting
flow and encouraging deposition, and creating
conditions favorable to seedling germination
and growth. Indeed, along Magela Creek, there
are numerous examples of ridges that have older,
larger Melaleuca trees at the head and younger
saplings in their protected lee.

Spatial and Temporal Trends in Channel-
Vegetation Interactions

Along Magela Creek, gradient, discharge,
channel-belt width, and grain size do not vary
significantly or systematically downstream,
whereas trends in variables such as anabranch
w/d ratio and obstacle densities (Figs.4-6)
strongly suggest subtle spatial changes in the
nature of channel-vegetation interactions. In
the upstream and middle reaches (XS1-XS9),
relatively narrow anabranches (w/d typically
10-30) divide around well-vegetated ridges
and islands but remain largely unobstructed
(Figs. 2-6), indicating that while vegetation is
able to establish in protected channel-margin
and ridge- or island-top locations, coloniza-
tion of anabranch beds is largely prevented by
confined flows, unstable substrates, and flood
erosion or damage to any seedlings and sap-
lings. By contrast, in the downstream reaches
(XS10-XS15), many wider anabranches (w/d
up to ~70) also divide around vegetated ridges
and islands but contain an increasing number of
obstacles (Figs. 2-6), reflecting more abundant
vegetation colonization of channel beds. Here,
in-channel vegetation strongly influences fluvial
processes and initiates new ridges or islands by
depositional mechanisms or, less commonly, by
erosional mechanisms.

The OSL ages demonstrate that the islands
between anabranches become younger toward
Madjinbardi Billabong (Fig. 8), strongly sug-
gesting that the spatial changes along Magela
Creek are coupled with a temporal trend.
Ergodically, this suggests that a time sequence
of anabranch development is represented along
Magela Creek, from downstream (young, early
stages) to upstream (older, later stages). The
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sequence starts with relatively wide, obstructed
channels and small, incipient ridges, and over
a few centuries to a few millennia, there is an
adjustment toward narrower, less obstructed
anabranches that divide around well-vegetated
ridges and islands.

DISCUSSION

The proposition that the younger, down-
stream reaches of Magela Creek adjust over
time toward an anabranching configuration sim-
ilar to that in the older, upstream reaches raises
two key questions: (1) Are there any underly-
ing principles governing the development of
anabranching?; (2) What are the implications of
anabranch development for downstream water
and sediment flux?

Relative Flow Efficiency of Single-Channel
and Anabranching Rivers

Previously published empirical data sets and
theoretical analyses help to address these ques-
tions. In particular, Jansen and Nanson (2004)
collected detailed hydraulic and sediment-
transport measurements from an anabranching
cross section (XS1 of this study) and single-
channel cross sections (XS2 and XS5 of this
study) and demonstrated that up to and just
above bankfull flow, the anabranches exhibit
substantially greater flow efficiency (defined as
sediment-transport capacity per unit available
stream power). These field results were cor-
roborated by simple flume experiments (Jansen
and Nanson, 2004) and verified the results
from Nanson and Huang’s (1999) mathemati-
cal model. Once well above bankfull, how-
ever, increasing vegetation drag reverses the
situation, and sediment-transport rates in the
anabranches decline such that the single chan-
nels become more efficient. In these upstream
reaches, this reversal helps to maintain mass-
flux balance over the full range of flows, sup-
porting Roberts’ (1991) earlier findings.

Based on these results, Jansen and Nanson
(2004) argued that, under such equilibrium
conditions, anabranches exhibit maximum flow
efficiency (MFE), in accordance with Huang
and Nanson’s (2000) least action arguments for
alluvial channel adjustment. Huang and Nan-
son’s (2000) analysis showed that in straight,
rectangular, adjustable channels with a given
discharge, gradient, and grain size, MFE can be
attained by varying w/d within a narrow range.
Attainment of MFE implies maximum stabil-
ity or the special stationary (stable) equilibrium
state wherein a minimum level of energy is
demanded by the flow for the water and sedi-
ment loads, with the result that there is no net
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Figure 9. Frequency histogram of anabranch w/d for various
ephemeral rivers in central Australia (Q for individual anabranches
is <330 m* s, § = 0.0005-0.0021, and D, = 0.5-2.0 mm), illustrat-
ing the numerous anabranches with moderate w/d (~10-45), and
the lower numbers of anabranches with very low or very high w/d
ratios (based largely on data presented in Tooth [1997] and Tooth
and Nanson [2004]). The class interval with w/d >100 mainly incor-
porates either relatively young anabranches that are in the process
of forming, or older, largely infilled anabranches. Note the similarity
to the frequency distribution for anabranch w/d in the upstream
and middle reaches (XS1-XS9) of Magela Creek (Fig. 6).

aggradation or incision. A more recent analyti- an explanation for the survey data from the
cal approach by Eaton et al. (2004), although  upstream and middle reaches of Magela Creek
not based on the least action principle and using  (Fig. 6, XS1-XS9), as well as from numerous
a coarser (gravel) grain size, also showed that  other transport-limited rivers in central Australia
for a given discharge, gradient, and grain size, (Fig. 9), which show that anabranches tend to be
maximum sediment transport is achieved within ~ moderately narrow (w/d ~10—45) and that there
a relatively narrow range of w/d values that are fewer very narrow (w/d <10) or very wide
vary slightly with bank strength, as provided by ~ (w/d >45) anabranches.
cohesive sediment or vegetation.

Significantly, both Huang and Nanson’s Downstream Changes in Efficiency
(2000) and Eaton et al.’s (2004) analyses demon-
strated that the optimum condition for sediment Jansen and Nanson’s (2004) investigation of
transport is represented by moderately narrow  flow efficiency concentrated on the upstream
channels (w/d ~10-45). Below the optimum part of the study reach considered in this paper.
w/d, sediment-transporting capacity decreases To document downstream changes in flow effi-
sharply, while above this optimum, transport- ciency, additional flow and sediment data for a
ing capacity also decreases, but more gradu- range of floods would be required from more
ally. Furthermore, Huang and Nanson (2007) cross sections toward Madjinbardi Billabong.
showed how multiple, narrow (anabranching) Logistically, this is a very difficult task in a
channels in certain situations can transport system as complex as Magela Creek, with its
their sediment loads more efficiently than a numerous anabranches, highly variable flow
single, wider channel with an equivalent total regime, and wet-season wildlife (crocodiles).
discharge. These findings as to the importance  Nevertheless, an important corollary of the
of w/d for sediment-transport capacity provide analyses of Huang and Nanson (2000), Jansen
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and Nanson (2004), and Eaton et al. (2004) is
that for flows up to and just above bankfull, and
other than for very small, very narrow (w/d <10)
channels, efficiency is inversely related to w/d;
in other words, for a given unit stream power,
efficiency decreases as w/d increases. Hence, in
the absence of actual hydraulic and sediment-
transport measurements, w/d can be used as an
expedient surrogate for the relative efficiency
of different channels. This implies that across
a reach with variable anabranch w/d, efficiency
varies from anabranch to anabranch. Neverthe-
less, for a given discharge, gradient, and grain
size, a system composed of anabranches that are
relatively narrow and deep (e.g., w/d ~10-30)
overall is more efficient than a system of wider,
shallower anabranches (e.g., w/d ~80-100).
Furthermore, for anabranches of a given w/d,
efficiency is higher where the vegetation grows
mainly on the ridges and islands between
anabranches, and efficiency is lower where it
grows in abundance on the channel beds.

Along the study reach, gradient, discharge,
channel-belt width, and grain size do not
change significantly or systematically down-
stream, but there are increases in anabranch
w/d, obstacle densities, and the numbers of
splays and locally scoured island and floodplain
surfaces (Figs. 4-7). These trends are indica-
tive of greater aggradational and/or erosional
(disequilibrium) tendencies, strongly suggest-
ing that there is an overall decline in efficiency
from the upstream reaches, through the transi-
tional middle reaches, and farther downstream
toward Madjinbardi Billabong. Nevertheless,
a few anabranches in the downstream reaches
have moderate w/d and/or are relatively unob-
structed (Figs. 4-6) and thus can be regarded
as efficient as many anabranches in the middle
and upstream reaches. On the basis of iterative
channel change and increasing stability (Nanson
and Huang, 2008), it is reasonable to expect that
such efficient anabranches persist longer than
those that are less efficient (i.e., very low or
very high w/d and densely obstructed) because
anabranches that cannot maintain onward
transport of supplied sediment aggrade and/or
become obstructed by colonizing vegetation. In-
channel vegetation in turn may promote ridge
formation and subdivision into narrower, more
efficient anabranches or, less commonly, may
accelerate bed aggradation and initiate splays
and/or floodplain scours that ultimately form
new, less obstructed, more efficient anabranches
(Fig. 7). Through this combination of deposi-
tional and erosional mechanisms, anabranch
w/d ratios in the downstream reaches over time
tend to converge toward those characteristic of
the reaches farther upstream, resulting in a sys-
tem of anabranches that overall exhibits greater
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efficiency. As anabranching system efficiency
increases, sediment transfer is enhanced, and
the locus of sedimentation advances down-
stream, further infilling Madjinbardi Billabong.
Delta progradation in turn provides new sur-
faces for vegetation to colonize, so that, in time,
new incipient ridges and anabranches are initi-
ated. Along Magela Creek, vertical aggradation
has been minimal over the last few millennia, so
depositional ridge and island ages mainly reflect
the relative lateral stability of anabranches.
In this system, bank vegetation contributes to
anabranch lateral stability, and lateral stability
is linked with efficiency, so one would expect
island ages to increase upstream, but then level
off where efficient anabranches have devel-
oped. Indeed, the OSL ages for island alluvium
(Table 1; Fig. 8) illustrate this pattern, demon-
strating that a recognizable but relatively inef-
ficient anabranching system can develop within
a few centuries, while adjustment to a more effi-
cient system occurs over a few millennia.

Globally, not all anabranching rivers are
strongly influenced by vegetation, and as Jansen
and Nanson (2004) and Huang and Nanson
(2007) have stressed, not all are adjusted to a sedi-
ment mass-flux balance; some instead are geared
toward sediment dispersal and long-term stor-
age (Makaske, 2001; Tabata and Hickin, 2003;
Abbado et al., 2005). Nonetheless, based on the
results of this study, we suggest that in some cir-
cumstances, riparian vegetation can influence
equilibrium river patterns, even in situations
where flows are capable of moving the sediment
forming the bed and banks. This suggestion is
contrary to the assertions of some researchers
(e.g., Bridge, 1993, 2003) but is in accordance
with the results of numerous field, experimental,
and computational modeling studies (e.g., Mil-
lar, 2000; Gran and Paola, 2001; Gurnell et al.,
2001; Brooks and Brierley, 2002; Murray and
Paola, 2003; Tooth and McCarthy, 2004; Tal et
al., 2004; Coulthard, 2005; Tal and Paola, 2007),
which have demonstrated the marked influence
of vegetation in influencing the morphology and
dynamics of various other river styles (straight,
meandering, wandering, braided).

CONCLUSION

The study of Magela Creek represents
a natural field experiment whereby spatial
changes in the character of anabranching can
be used to infer processes and temporal trends
in anabranch development, and the results can
then be compared with empirical and theoreti-
cal models (Nanson and Huang, 1999; Jansen
and Nanson, 2004; Huang and Nanson, 2007).
Along the creek, gradient, discharge, channel-
belt width, and grain size do not change sig-

nificantly or systematically, but a broad time
sequence of anabranches and dividing ridges
and islands exists, from younger (downstream)
to older (upstream). In the downstream reaches,
anabranches are relatively wide, shallow, and
obstructed, representing conduits of varying
efficiency for flow and sediment transport. Inter-
actions among flow, sediment, and vegetation
growth mean that inefficient anabranches are
likely to fail or subdivide as a result of vegetation
colonization, aggradation, and/or local flood-
plain scour, while more efficient anabranches
persist. Hence, over time, anabranches similar
to those in the upstream reaches develop, and
they become relatively narrow, deep, and clear
of in-channel obstructions, representing effi-
cient conduits that limit the ability of vegetation
to establish or survive on the beds. OSL ages for
island alluvium demonstrate that this adjustment
to a relatively efficient system of anabranches
occurs over a few millennia.

The strong inference is that riparian vegeta-
tion is essential to the development and persis-
tence of anabranching along Magela Creek.
Although vegetation dynamics are partly influ-
enced by patterns of flow and sediment move-
ment, vegetation plays a key role in the initiation
of channel-dividing ridges and islands through
depositional or erosional mechanisms, and veg-
etation helps ridges and islands to grow and sur-
vive by promoting deposition, increasing sedi-
ment cohesion, and decreasing flow erosivity.
Owing to the very low silt-clay content in the
dominantly sandy sediment, ridges and islands
would not be stable without colonizing vegeta-
tion, and Magela Creek would be a wider, shal-
lower, and more laterally active system. While
not all anabranching rivers are strongly influ-
enced by vegetation, and not all are adjusted to
a sediment mass-flux balance, the findings from
Magela Creek indicate how, even without a sup-
ply of cohesive sediment, anabranching patterns
can form and persist on centennial to millen-
nial time scales, thus enhancing downstream
water and sediment flux. As such, these findings
contribute to the growing body of research that
demonstrates the critical yet diverse influence
of riparian vegetation on many aspects of river
process, form, and behavior.
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