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Abstract — The delivery of sediments, nutrients and chemicals
from catchment run-off to the Great Barrier Reef lagoon has
increased several fold since European settlement due to
increasing rates and extent of land use change in Queensland,
Australia. The impacted ecosystems include globally
significant areas of mangrove and coral reef, however, the
magnitude and spatial distribution of negative effects remain
largely unknown. This paper presents a three phase
methodology using remote sensing, ground based, and
laboratory tools to explore functional linkages between
ecosystems to address whether changes in coral skeletal
records coincide temporally with periods of extensive
mangrove clearing. Preliminary analysis of historical aerial
photographs from the Pioneer estuary indicate five major
causes of mangrove distribution change through time: (1)
clearing, (2) altered hydrology, (3) anthropogenically-induced
dieback, (4) new growth on areas of rapid sediment accretion;
and (5) natural expansion and contraction linked to climate
variables. Applications for ecosystem monitoring with remote
sensing tools ar e discussed.
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1. INTRODUCTION

Increasing rates and extent of land use change in the coastal river
catchments of Queensland, Australia, are facilitating greater
export of sediments and nutrients to highly connected coastal and
marine ecosystems (QDNRM, 2003). While several studies have
modeled two to six fold increases in sediment delivery rates to the
GBR lagoon since European settlement (Moss et al., 1992; Neil et
al., 2002), few have assessed the role of mangroves in buffering
sediment, nutrient and chemical exports to nearshore coral reef
systems. This project aims to test whether there are detectable
linkages, as conceptualized in Figure 1, between historical
changes in mangrove distribution and proxies of suspended
sediment concentration obtained from coral core records sampled
from nearshore colonies.

As the importance of mangroves for stabilizing sediments
and associated materials is well documented (see Ellison,
1998), catchments with high modeled sediment/nutrient
export and a net loss of mangroves over past half century
are of primary concern in relation to the health status of
adjacent marine ecosystems. The mangroves of the Pioneer

*  Corresponding author.

estuary have been targeted in this study because: (1) the
Pioneer-O' Connell catchment is estimated to be the third
highest exporter (per unit area) in Queensland of sediment,
nutrient and phosphorus (Moss et al., 1992); (2) the estuary
has suffered a net loss of 30.4% of mangroves between
1948-1998 from both natural and anthropogenic factors
(Duke & Wolanski, 2001); and (3) an ongoing dieback,
commencing in the 1990s and specifically impacting
Avicennia marina, has affected ~50% of mangrove cover
(Duke et al., 2003). The relatively recent onset of this
mangrove dieback and ecosystem degradation over the last
decade offers a rare opportunity to assess the degree to
which mangroves buffer nearshore corals from sediments
and associated pollutants washed downstream in catchment
run-off. Because of the severity of mangrove dieback in the
Pioneer estuary and the consequent estuarine erosion from
tree loss, there is potential to detect signals of mangrove
mud export above background levels of sedimentation
contained in catchment run-off.

2. METHODOLOGY

The goal of linking the transport of materials through mangroves
to corals will be addressed in three phases using remote sensing,
ground based and laboratory techniques. While the goas and
techniques for each phase are described in brief below, only
preliminary data from Phase | will be presented in this paper.

Phase I. Quantification of the areal extent of mangrove change
through time: Mangrove distribution will be mapped at 5-10 year
intervals from relatively fine scale historical aerial photography
(1948-2002) to define rates of clearing, dieback and new growth
(halyr). Recent high spatial resolution satellite imagery (Ikonos)
will be acquired and mangrove-specific vegetation indices will be
applied to determine the potential for future dieback by identifying
mangrove regions with characteristics of poor health (i.e. low
canopy cover, loss of photosynthetic pigments).

Phase 1. Demonstration of sediment export in mangrove regions
with varying histories: Established cross-sectional profiles across
tidal gullies will be monitored for two years in regions of variable
dieback to provide evidence of sediment export as a secondary
consequence of dieback. Additionally, changes in mangrove
channel morphology will be assessed from a time series (1948-
2002) of stereo aerial photography. Mangrove community data

** Funding provided by the Australian-American Fulbright Commission and the PADI Foundation.



collected from plots and transects at each profile site will be
analyzed to detect differences among sites which may, at least
partially, relate to the history of the dieback spread across the
estuary from west to east.

Figure 1. Schematic model of ecosystem connectivity in the
context of land use change. (a) In catchments under “ natural”
states, periodic pulses of sediments delivered to rivers are subject
to resuspension and longshore transport, creating turbid nearshore
waters. (b) In “disturbed” catchments with considerable land
clearing and mangrove dieback, the reductions to the wetland
buffer zones may yield more frequent and higher magnitude
sediment pulses which may impact nearshore coral ecosystems.
New mangroves can colonize silt deposits at the river mouth and
serve as an indicator of catchment degradation (after Duke &
Wolanski 2001).

Phase I11. Quantification of proxies of suspended sediment from
coral cores through time: Coral cores (0.5 m) from massive
Porites colonies will be collected from reef sites within a spatial
gradient of potential impact from run-off from the Pioneer River.
Cores will be analyzed for trace metal incorporation (i.e. Ba, Y,
Mn) into coral skeletons, as proxies of suspended sediment

(Fallon et al., 2002; Alibert et al., 2003), at 5-10 year intervals,
with greater resolution from the commencement of dieback in the
1990s. Proxy records will be compared to historical records of
climate (i.e. rainfall, temperature), agriculture (i.e. sugarcane
cultivation), and changes in mangrove distribution to tease apart
natural versus anthropogenic signals and to differentiate, if
possible, between sediment export from upstream land clearing
versus downstream mangrove dieback.

3. DATA & PROCESSING

3.1 Study Region

The Pioneer catchment (Figure 2), located between 21° and 21°
25'S, occupies 1570 km?, of which approximately 296 km? is
allocated to sugarcane cultivation and 1166 km? is under grazing
pressure (GBRMPA, 2001). The Pioneer estuary has a history of
hydrological modifications, particularly from training walls that
restrict tidal circulation and ater depositional patterns (Gourlay &
Hacker, 1986). Additionally, there are two dams and three major
weirs across the main Pioneer River and associated tributaries
(QDNRM, 2001). Although run-off varies considerably between
years, the majority of discharge occurs during cyclone season
between December-April and most sediment deposition occurs in
and around the Pioneer estuary (Gourlay & Hacker, 1986).

Figure 2. Location of study region shown from a photomosaic of
2002 aerial images at 1:100,000 scale. Inset depicts the position of
Mackay within the state of Queensland, Australia. Black boxes
outline regions displayed in Figure 3.

3.2 Historical Aerial Photography

Black and white (1948, 1953, 1962, 1972, 1976, 1982, 1986,
1991) and color (1998, 2002) aerial photographs at scales ranging
from 1:25,000 to 1:100,000 covering the Pioneer River estuary
around the city of Mackay, Queensland, were borrowed from the
Queensland Department of Natural Resources and Mines and the
Marine Botany Group, University of Queensland. Individual
photographs were scanned at 600 dpi, mosaicked and
georeferenced to a Landsat ETM image captured on July 16, 2000
using ENVI 3.6 software. Mangrove distributions were digitized
based on a priori field knowledge and contrast to adjacent



substrates. Shapefiles were exported to ArcView 3.2 for spatial  analysis.

Figure 3. Examples of areal change in mangrove distribution over time due to clearing for development and agriculture, dieback, and
new growth. (a) 1948 mangrove distribution around Alligator Creek. (b) 1998 distribution depicting mangrove loss from agriculture
(star), roadworks (arrow) and the construction of Canelands shopping center (circle), completed in 1979. (c) 1948 mangrove distribution
around Sandfly Creek. (d) 1998 mangrove distribution depicting mangrove loss from urban devel opment and hydrological manipulations
(arrow). (€) 1976 mangrove distribution at Fursden Creek with 0.035 ha of open space within the circled tidal channel. (f) 2002
mangrove distribution with evident mangrove loss (0.320 ha) from dieback about the tidal channel (circled). (g) 1976 mangrove
distribution (curving white line) at south bank of the Pioneer River mouth. (h) 2002 mangrove distribution, showing approximately 11
m/yr progradation rate since 1976 (curving white line) across the straight white line.

4. RESULTS
(1) Clearing for agriculture, industry and devel opment,

exemplified by disturbance to mangrove communities

Initial analysis of mangrove distributions mapped over time, both
around Alligator Creek (Figure 3a,b);

from the current and previous studies, reveals five major causes of
change through time:



(2) Alteration of hydrology restricting tidal flow, such as
that resulting from construction of the culvert and levy
(1993) and tidal gates (constructed 1994, opened 1996)
which curb flow into Sandfly Creek (Figure 3c,d) (b.
Discher, personal communication). Additional
mangrove loss is associated with clearing in this region
between 1986-1990 (Kirkwood & Dowling, 2002);

(3) Anthropogenically-induced dieback, which has been
linked to elevated herbicide levels (Duke et al. 2003),
depicted here as a nearly ten fold increase in open space
0.035 havs 0.320 ha) paralleling atidal channel in
Fursden Creek, where dieback was believed to have
initiated (N. Whitehead, personal communication)
(Figure 3¢/f);

(4) New mangrove growth extending onto areas of sediment
accretion, such as at the mouth of the Pioneer where the
south shoreline has prograded up to 11 m/yr between
1976 and 2002 (Figure 3g,h);

(5) Natural dieback and growth that parallels climate
variables, principaly rainfall (Duke, personal
communication) (not shown).

5. CONCLUSIONS

This study represents one of the first attempts to link the
transfer of materias (i.e. sediments) from run-off resulting
from upstream land practices through coastal mangroves to
nearshore corals. If linkages can be demonstrated that relate
proxy records in corals to historical records of mangrove
change, then remote sensing (to map changes in mangrove
condition) can serve as a powerful tool for early detection
of potential threats to nearshore marine habitats. Rapid
mangrove progradation, as observed from aeria
photography, can indicate muddying of catchment waters.
Headlth indices, developed from multi- or hyperspectral
data, can be applied to mangrove habitats to target areas for
restoration before predicted loss of the buffer zone. These
remote sensing techniques become especially valuable in
highly turbid coastal regions where high and variable total
suspended sediments along with suspended and dissolved
organic matter concentrations complicate mapping of
benthic marine habitats.
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