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Executive Summary
Background
The Noosa River estuary and lakes system is a relatively unmodified estuarine system, although it
flushes through a modified mouth that affects the tidal regime. The river mouth has been
extensively changed by dredging, to stabilise and nourish eroded banks and to replenish coastal
beaches. These intertidal sand banks are important foraging and breeding grounds for a wide
diversity of commercially and recreationally important finfish, prawns and crabs.
The Noosa estuary does not receive licensed discharges of sewage. There is less than 1 km2 of
mangroves remaining within the Noosa system and seagrass is widely distributed throughout the
system, below Lake Cooroibah. Recreational fishing for finfish (mullet, bream, flathead, tailor,
whiting) and prawns (greasyback & school) is common within the system, taking advantage of a
number of boat ramps and easy access points. Issues facing the management of the system include
declining catches of recreational fish, declining biodiversity within the sediments of the system (the
food base for finfish and crabs), loss of mangroves along the foreshore and excessive sedimentation
from the Kin Kin catchment.
Changes in hydrology at the river mouth have modified tidal flows within the estuary leading to
changed sediment distribution, sorting and resuspension. The numbers and types of animals living
in and on the sediments (macrofauna) are closely linked to these sediment variables, so changes in
sediments usually leads to changes in these benthic communities. The long history of beam trawling
for prawns and various forms of net fishing for finfish within the Noosa River system is likely to
have caused changes not only to the species being targeted, but also to other components of the
biodiversity including the animals living in the sediments. It is these small benthic animals, such as
worms, snails and clams, and crustaceans including prawns and crabs that form the diet of many of
the fish targeted in both the recreational and commercial fisheries. Therefore, changes to the
seafloor and the animals found there may result in a negative feedback to the fisheries through loss
of their food base.
Two species of prawns have traditionally been targeted in the Noosa River system: the greasyback
prawn (Metapenaeus bennettae), school prawn (Metapenaeus macleayi). A third species, the
eastern king prawn (Penaeus plebejus) relies on the estuary for part of its lifecycle (i.e. this species
recruits to the estuary as a juvenile then moves to the coastal shelf as an adult). The declining prawn
fishery was identified as one of two key issues for immediate investigation, at a ‘The Nature
Conservancy’ sponsored workshop for estuarine scientists with expertise in regional issues (the
other was the restoration of oyster reef habitat). A further assessment of historical fishing trends,
found that historically there have been annual fluctuations in the total reported catch of various
prawn species, but the quantity of prawns caught has dropped substantially in the last three years,
particularly for the school prawns. There has also been a decline in the number of fishers catching
school prawns, from a historical high of 26 licensed in 1991 (1103 catch days) to just seven licenses
(65 catch days) as a consequence of declining stocks.
The planned study will investigate the critical links between the pelagic (water-column) and benthic
(sedimentary) environments including prawns at different stages of their life history. The study will
review existing data on the broader components of the ecosystem and supplement any identified
gaps, including the physico-chemical conditions and the biodiversity found in both environments.
Given there has been a measured decline in the school prawn fishery and a perceived decline by the
community, this study will use prawns as a sentinel group to assess the broader environmental

conditions within the Noosa River system. Sentinel species are used to gain early warnings about
current or potential negative trends and impacts – an holistic understanding of what is happening
with the populations of the prawns will simultaneously provide detailed baseline ecological
information about the Noosa River, lakes and estuary, against which future changes can be
measured.

Noosa River Prawn Populations
The greasyback (Metapenaeus bennettae) and school (Metapenaeus macleayi) prawns support
significant commercial fisheries along the east coast of Australia. These species have the capacity to
complete their entire life-cycle within enclosed waters in contrast to the eastern king prawn
(Penaeus plebejus), which has an estuarine (post-larvae and juveniles) and coastal (breeding adults)
phase. There has traditionally been a recreational fishery targeting eastern king prawns (Penaeus
plebejus) in the Noosa system and a substantial commercial fishery for the greasyback and school
prawns (Metapenaeus bennettae and M. macleayi respectively). Most of the commercial catch
occurs in Lake Cootharaba (see Figure 1).
Metapenaeus macleayi is the numerically dominant species caught in beam trawls in the Noosa
System and Noosa River traditionally supported the largest populations of this species in
Queensland however over the past three years, the fishery for school prawns has declined sharply
resulting in a reduced number of licenses and substantial reduction in catch rates relative to other
prawn fisheries. Studies on this species done elsewhere indicate that M. macleayi feeds on bottom
organic material, spending most of their time buried beneath the substratum. The abundance of food
on the bottom affects their distribution. Metapenaeus bennettae has been shown to respond to
changes in sediment type (from sand to mud). Populations of eastern king prawns (Penaeus
plebejus) within the Noosa system are primarily juveniles, explaining the lack of a commercial
fishery for this species within the waterway.

Figure 1: Map of Noosa River and Lakes system. White outline demarks the rough boundaries of
the system.

Mapping Threats within the Noosa River Estuary
Introduction
Multiple threats to marine biodiversity (e.g. habitat loss, pollution, overexploitation through fishing,
catchment alteration, climate change) occur concurrently in the coastal zone and estuaries, at the
interface between many large cities and the coastal ocean, are among the most threatened of natural
ecosystems. A key challenge for estuarine managers is to identify correctly which of the many
threats facing estuaries interact to cause unacceptable change (i.e. impacts) in the estuarine biotic
communities so that resources can be strategically allocated to address the threats of greatest
concern. Incorrectly identifying the cause of an observed impact (i.e. misidentifying which threats
result in impacts) may have costly implications, both monetary and ecologically.
Quantitative approaches to cumulative threat mapping have been developed using quantitative
measures of their spatial characteristics (areal extent, density etc.). Most of the work to date has
been at the global and regional scales, neither of which are likely to be useful for estuarine
managers because management of estuaries is largely applied at the local scale. Furthermore, spatial
cumulative threat maps have to date been mostly used to model the potential cumulative impacts (or
risk of impact) of multiple anthropogenic threats in marine and coastal environments. Welldesigned empirical studies based on threat maps are required to provide evidence of cumulative
impacts from multiple threats in the field. Currently however, no framework exists for how to
utilise spatial cumulative threat maps to design sampling program for detecting anthropogenic
impacts in an estuary.
To address this shortfall, we developed a methodological approach for designing a sampling
program to detect cumulative human impacts on estuarine communities using a spatial assessment
of the multiple threats. The specific aims of this study were to (1) to map multiple anthropogenic
threats at a local scale (i.e. within a single estuary) using a suite of quantitative proxy measures and;
(2) use the resulting map to select sites for a sampling program to detect the cumulative impacts of
human activities in an estuary based on an analysis of statistical similarity of each sites threat
matrix (the results of this sampling program will be presented in a later publication).

Materials and Methods
We mapped specific land-use patterns (i.e. threat) across the estuary and selected multiple sites
belonging to each major land-use category so that the biological assemblages could be compared
among these categories and also to assemblages in appropriate control sites. High resolution aerial
imagery of the Noosa River estuary was used to map the system, including all the lakes, channels
and creeks. Three different width buffers (1km, 500m and 100m) from the shoreline were created to
capture the range of land-use activities occurring within the catchments.
We used four different land-use categories (residential, agricultural, canal estates and natural)
selected because they were either deemed to represent a dominant land-use category covering a vast
area of the Noosa catchment or because they have previously been shown to present significant and
distinct threats to estuarine biodiversity in other estuaries around the world. The percent
contribution for each of the four land-use categories was estimated within each patch for each
buffer. Patches were assigned a “main land-use category” based on the dominant land-use type that
occurred in that patch for each buffer (i.e. the land-use type that contributed more the 50% of the

total area). Patches where no particular land-use type contributed more than 50% of the total area
were assigned to a fifth “mixed” land-use category.
To further delineate between patches placed in the same main land-use category we developed a
suite of 14 continuous threat variables that could be mapped and compared between patches to help
identify those patches that were statistically most similar to one another. Each threat variable was
created to provide a quantitative proxy for one or more common anthropogenic threats associated
with the different types of land-use in the Noosa estuary.
The following localized measures of threats were used:
Riverine input: Streams and creeks flowing into estuaries deliver large quantities of freshwater,
sediment, nutrient and pollutants from the surrounding catchments and even areas further upstream.
The threat posed by these water bodies is increased during rainfall events. To account for the
potential effects of these freshwater bodies and their associated inputs, the surface area of streams,
creeks and rivers flowing into each patch was calculated and standardized by the area of each patch.
Pollution from housing: Residential housing in the catchments surrounding an estuary present a
threat to estuarine biodiversity through contributions to pollution and urban runoff. Each house may
be considered as a point source of pollution, by generating a unique cocktail of lawn fertilizer,
septic tank waste, roof corrosion and other urban wastes, all delivered to the estuary as runoff. The
density of dwellings was used as a measure of this threat.
Commercial and industrial pollution: Some residential areas in Noosa abut large commercial or
industrial districts. These commercial and industrial areas may contribute unique types and amounts
of industrial waste compared with the surrounding residential areas. To account for the potential
threats of commercial and industrial areas the area of commercial and industrial districts was
calculated as a percentage of the total patch area.
Parks and recreational areas: Public parks and recreational areas (golf courses etc.) are a
prominent feature of the foreshore around Lake Weyba and the lower Noosa River. These areas are
typically irrigated and treated regularly with fertilizers and herbicides that when flushed into
estuaries may increase algal blooms or alter estuarine food webs. To account for the threat posed by
such areas, the contribution of public parks, sports fields, golf courses and other public recreational
areas was calculated as a percentage of the area of each patch.
Area of farmland: Agricultural areas introduce sediments and nutrients to waterways by way of
clearing and fertilizer use (respectively). To account for the threat posed by agricultural activities,
the area of agricultural land in each patch was measured as a percentage of the area of each patch.
Impervious surface cover and patchiness: Some areas of Noosa that were primarily residential
included a number of large commercial areas or resorts that greatly increased the area of impervious
surface (driveways, buildings, parking lots etc.). Impervious surfaces increase the volume and flow
rate of runoff entering an estuary.
Forest cover and patchiness: Some areas currently contained in the Noosa parks have previously
been cleared to varying degrees for forestry or agriculture. Although these areas are no longer in
production the absence of remnant and dense vegetation in these areas may significantly alter the
rates of runoff and sediment erosion. Forest cover was therefor calculated applying the same grids
used for impervious cover calculations.
Runoff from roads: Roads deliver hydrocarbons and heavy metal to estuaries and also increase
impervious surface cover. The potential threat due to the extent of roads in each patch was
calculated by creating polyline shapefiles for every road with a 1km radius of the estuary perimeter.

The density of roads per patch was then calculated by dividing the total length of road in each patch
by the total patch area.
Stormwater drainage: Stormwater infrastructure collects diffuse urban runoff and discharges it into
an estuary at specific outlets. Stormwater drains can be considered as concentrated point sources for
urban and commercial (non-prohibited) runoff that may be laced with chemical, hydrocarbons,
heavy metals and other pollutants. To account for this threat, stormwater infrastructure information
was sourced from Noosa Council, providing data on the number and locations of stormwater
infrastructure (e.g. culverts, outlets and channels) in the Noosa catchment. We identified
stormwater outlets that drained directly into estuarine waters or into the marsh/riparian vegetation
bounding the Noosa estuary.
Jetties and boat ramps: As a measure of potential recreational boating and shoreline fishing
activity, the locations, numbers and area covered by boat ramps, jetties, and marinas were mapped
in Google Earth. Placemarks were assigned to each boat ramp, and jetty, and polygons were created
to depict the area covered by marinas. The density of jetties or boat ramps per patch was calculated
by dividing the total area covered by these features by the length of shoreline.
Shoreline armoring: Shoreline armouring in the form of sea walls and groynes have been installed
at various locations in the lower Noosa estuary to prevent ongoing beach erosion. This armouring
poses a threat to biodiversity through alterations to flow and sediment dynamics. The structures
may also act as havens for invasive species or a food subsidy for local food-webs. This threat was
quantified by calculating the proportion of the patch shoreline length that had been modified with
groynes, sea walls or bund walls.
Canal estates: Canal estates in the Noosa estuary vary in their size and the number of houses within
them. Canal estates pose a threat to biodiversity through pollution, particularly boat-related
pollution as many houses in a canal estate bear jetties and boat ramps. The threat posed by canal
estates was quantified by calculating the percentage of the total patch area covered by canals.
We used a clustering procedure to sort patches into groups using the above threat data. Analyses
were done separately for the three different buffer sizes. Patches were first grouped into one of five
estuarine regions (Lake Cootharaba, Lake Cooroibah, Lake Weyba, Noosa River below Cooroibah
including Weyba Creek, Noosa River in between Lake Cooroibah and Lake Cootharaba). This was
done to account for variation in the environmental conditions likely to be associated with the
position of the patch with increasing distance from the river mouth and whether it was in a channel
or a lake. The groups of patches were further analysed to ensure that they were genuine groupings
based on the threat data.
The clustering analysis yielded a number of statistically distinct groups in each land-use category
for each region of the Noosa estuary. There were not always enough replicate patches in each main
land-use category in each region however to be able to compare all land-use types in all regions of
the Noosa estuary. We therefore selected a total of 21 patches spread across 3 regions of the Noosa
estuary to sample. The selection of patches would allow comparisons to be drawn between
assemblages. The breakdown of patches is given below:
1. Lake Weyba region: 3 residential patches versus 3 natural patches
2. Lower River region: 3 canal patches versus 3 residential patches versus 3 natural (control)
patches
3. Lake Cootharaba region: 3 natural patches (high river/creek input, patchy broken forest
cover) versus 3 natural patches (low – no rivers/creeks, consistent dense forest cover)

Results
The shoreline around Lake Weyba was divided into 13 patches (Figure 2). Only one patch was
consistently assigned to the residential activity category for the all three buffers in the Lake Weyba
region. Three patches were placed in the residential activity category at the 1 km buffer reflecting
the fact that most of the residential development in these patches occurs away from the shoreline.

Figure 2: Map of the Lake Weyba region showing patch activity breakdown for the 1 km buffer
There was neither shoreline armoring nor canal estate development in any of the Lake Weyba
patches, so these two threat variables were excluded from the final analyses. Four statistically
distinct clusters (henceforth threat networks) were identified from the analysis of the 100 m threat
matrix for the Weyba region. One patch had a large proportion of golf course and parks and a
greater density of dwellings and impervious surfaces, so was isolated from the others. Another
patch had the greatest proportion of commercial and industrial area and greatest degree of forest
patchiness compared with all other patches in the region. One of the two larger groupings was
characterised by patches perturbed predominantly by agriculture (farmland). The other network was
entirely natural patches with low measures of anthropogenic threats. There were no roads, dwellings
or impervious surfaces in this network.
Differences among patches were explained mostly by dwelling density and measures of impervious
surfaces along one axis, and the amount of farmland and density of jetties along a second axis.
Threats linked to urban development (imperviousness, road density dwelling density) were
important in distinguishing between residential and natural activity patches and among patches
within the residential activity category.
The shoreline of the Lower Noosa River region was divided into 28 patches. For both the 100 m
buffer and the 500 m, there were a total of 4 canal estate patches, 20 natural patches and 4
residential patches. The activity breakdown of patches in the Lower Noosa River region changed
markedly between the 500 m buffer and the 1 km buffer as the number of residential patches
increased to 10 patches. These 10 patches occurred in 6 contiguous blocks located predominantly
on the southern banks of the river (Figure 3).

Figure 3: Map of the Main Noosa River region showing patch activity breakdown for the 1 km
buffer.
Clustering analyses of the patches in the Lower Noosa River region based on 13 threat variables
identified 4 statistically distinct threat networks at the 100 m buffer. Patches assigned to canal estate
and residential main activity blocks were generally the most dissimilar from all other patches. The
500m buffer comprised three networks, again dominated by canal estates and residential patches,
with the remainder being natural patches. The 1km buffer was more complicated but again canal
estates and residential patches could be distinguished.
The different patches were distinguished by shoreline armoring, stormwater density and
imperviousness along one axis, the proportion of canal estates, jetty density and proportion of parks
along a second axis and the amount of imperviousness, dwelling density and road density along a
third. Canal patches and natural patches were most dissimilar from each other of all the activity
categories.
The shoreline of the Lake Cootharaba region was divided between 23 patches (Figure 4). A single
patch overlapped the main settlement at Boreen Point and was assigned as residential. Most
remaining patches were assigned to the natural category. Farmlands largely occurred outside of the
500 m and even the 1 km buffer zones. Variation among the patches was best explained dwelling
density, stormwater outlet density, imperviousness, impervious patchiness, shoreline armoring and
road density along one axis. Forest cover and forest patchiness contributed most to another axis.

Discussion
We developed a method for characterising the spatial distribution of threats in and around the
Noosa River estuary using a suite of 14 quantitative variables that were proxies for specific threats
occurring within the surrounding catchment. We also developed a methodological approach for
using the resulting threat matrix to select sites for an empirical study into the cumulative impacts of
multiple anthropogenic threats to estuarine biodiversity. The approaches that were developed are
suitable for future application, as human use of the estuary changes and further monitoring of the
biodiversity is completed. These techniques are also suitable to assess the success of any
management interventions that are done with an aim of restoring the biodiversity.

The empirical framework for assessing the effects of cumulative impacts arising from multiple
overlapping threats to biodiversity, ecological function and the provision of ecosystem services
within the Noosa estuary is novel and is an extremely valuable output from this project. This
framework has allowed us to:
(1) characterise the combination of threats that any particular area of the shoreline is exposed to
from within the estuary and from the surrounding catchment;
(2) develop a threat matrix for the estuary where the magnitude for each of the assessed threats
was quantified using a suite of spatially-explicit measures; and
(3) delineate areas along an estuary into statistically distinct clusters based on the similarity of
the multiple threats these areas face (i.e. threat matrix). These clusters could then be used to
allocate sites to different treatments for subsequent sampling to assess for any impacts on
the estuarine biota.
This last result provides a mechanism for designing sampling programmes that are specifically
aimed at distinguishing among the combination of threats that occur within the estuary. We found
considerable variation among the threat matrices for patches placed in the same subjectively
designated land-use category. That is, patches were subjectively placed into the same broad
category were not necessarily placed into the same grouping when the quantitative measures of
threats were taken into account. This also clearly indicates that quantitative measures of the threat
proxies are needed to classify adequately the threat matrix for any patch within the system. This is
important because it allows the sampling designs to take account of greater amounts of variation
associated with the different threats. Without detailed quantitative analysis, significant differences
in the composition and magnitude of threats would be disregarded and patches grouped into coarse
threat categories (e.g. urban vs natural).
The likely outcome of not taking into account this variability in the magnitude of the threats is a
reduced capacity to identify which of the combination of threats contributes most to any impacts
that are subsequently measured, with implications choosing the best management response to
maximise its effectiveness. We provide a quantitative and systematic mechanism for assessing the
statistical similarity of replicate sites based on the magnitude of the component threats, thereby
reducing the risk that sites placed in the same category may not be strictly comparable, leading to
high within-category variability and an inability to detect consistent trends in the biotic response to
those threats.
As coastal populations expand and the number of threats facing estuaries increases, managers
require approaches that accurately link impacts with culprit threats. The novel approach described
here provides a framework that will allow quantitative assessments of multiple threats and their
distribution around and estuary. It also provides a statistics-based approach for selecting sites in a
sampling program to detect impacts. Such an approach should considerably improve our ability to
detect impacts from human perturbations in complex urban and semi-urban seascapes and our
ability to identify the threats most likely culpable for those impacts.

Impacts of Human Activities
The information on the threats from human activities in the Noosa catchment was used to design a
sampling program to determine the extent to which differences in levels of activity caused

differences in estuarine biodiversity at local scales. The large differences in the nature of the
activities and the physical setting in different sections of the estuary required us to assess the
impacts of human activity separately for the different sub-catchments: Lake Cootharaba, the main
Noosa River channel and Lake Weyba.
To compare the potential ecological impacts of different anthropogenic threats occurring in the
Noosa catchment, subtidal macrobenthic and nekton communities were sampled in estuarine waters
adjacent to patches supporting different types of human activities (e.g. residential without canal
estates vs. residential with canal estates). To account for variation in the composition of the biotic
communities as a function of the position in the estuary (e.g. distance from river mouth, channel vs
lake), sampling was done separately in three distinct regions of the Noosa River – Lower Noosa
River, Lake Weyba and Lake Cootharaba. These regions represent different hydrological,
geomorphic and/or coastal development conditions and each possessed at least three replicate
patches for at least two different activity categories. As human activities were not evenly distributed
around the Noosa River catchment, there were not always enough replicate patches ascribed to each
main activity category in each region to allow comparison between all activity categories across all
regions. For example, there was only one “Residential” patch in Lake Cootharaba. As much as
possible patches selected for sampling in each region were spaced and interspersed among groups
to avoid spatial confounding (e.g. all patches from one activity category occurring downstream
while patches from a different activity category occur upstream).
Macrobenthic communities were sampled between March-April 2018 at the end of Noosa’s wet
season. For each patch, samples were collected at two distances from shore to account for potential
diluting effects of any threats associated with distance from shore; near (0-30m from shore) and far
(80-110m from shore). In each distance band, samples were collected from multiple plots spread
within the area of the patch but away from the edges of the patch to avoid confounding influences
as much as possible. Samples of the infauna (animals living in the sediment) were collected using
either a core (shallow water) or a grab (deeper water). All samples were standardised to the same
volume of sediment.
In May 2018 and in November 2018, nekton communities were sampled with two different types of
fishing gear designed to target different life history stages of the fish, prawns and crabs that are
considered such an important aspect of the Noosa tourism industry through recreational fishing. We
collected 168 beam trawls and 168 otter trawls (84 beam and 84 otter trawls per season). Trawls
were located adjacent to the 21 patches identified in the threats analyses and sampled earlier in the
season for macrobenthic communities. 4 beam trawls and 4 otter trawls were collected in each
patch.
Juvenile prawns and small nekton were sampled with a beam trawl. The mesh size of the main body
of the net was 1.2 mm, narrowing to 1.0 mm in the cod-end. All beam trawls were completed
during daylight within a 3-hours of the high tide as the higher water levels during this period
permitted access to areas in the estuary closer to shore and nearshore vegetation such as mangroves
that have previously been identified as important nursery areas for juvenile prawns.
Large mobile nekton (adult prawns and fish) were sampled with an otter trawl (type of trawl used in
the commercial prawn industry globally) in 4 random locations adjacent to each patch. Trawls were
located between 30 and 100m from the shoreline. Trawling was done during daylight hours and up
to 3 hours either side of the high tide (again to provide access to areas closer to shore). The otter
trawl net comprised a diamond mesh body with 10mm apertures and 3mm square mesh cod-end.
In each region, samples were collected in the nearshore waters adjacent to patches assigned to
different activity categories. In total 21 patches were sampled across the 3 regions – Lower River (9

patches), Lake Weyba (6) and Lake Cootharaba (6). A brief breakdown of patches is provided
below:
1) Lake Cootharaba region: 3 Creek patches (high river/creek input, patchy broken forest
cover) vs 3 Control patches (low – no rivers/creeks, consistent dense forest cover);
2) Lower River region: 3 canal patches vs 3 residential patches vs 3 natural (control) patches
(Figure 7.5).
3) Lake Weyba region: 3 residential patches vs 3 natural patches.

Figure 4: Patches sampled for benthic and nektonic fauna in Lake Cootharaba. CTR.A = Control
patches & CTR.B = Creek patches. Samples were collected at two distances from the shoreline:
Near = 0-30m and Far = 80-110m.

Figure 5: Patches sampled for benthic and nektonic fauna in the lower river region. CTR = Control
patches, RES = Residential patches & CAN = Canal Estate Patches. Samples were collected at two
distances from the shoreline: Near = 0-30m and Far = 80-110m.

Figure 6: Patches sampled for benthic and nektonic fauna in the lower river region. CTR = Control
patches & RES = Residential patches. Samples were collected at two distances from the shoreline:
Near = 0-30m and Far = 80-110m.
This component of the study comprised, to the best of our knowledge, the most extensive benthic
and nektonic sampling ever conducted in the Noosa River system. Previous work on the fish
communities was focussed in the lower reaches of the estuary, near the river mouth. Similarly, the
benthic studies also focussed in these lower reaches and addressed only the potential impacts from
dredging operations. The studies detailed here examined the full spectrum of possibly threats (see
above) within the Noosa River estuary with a view to determining which of the most common
threats were transformed into impacts on the biodiversity.
Major Findings – Benthic Communities
1. The focus of the sampling in Lake Cootharaba was the comparison between patches close to
creeks draining into the Lake and patches without such inputs. There was generally very few
species found in the sediments of Lake Cootharaba and there was no detectable impacts
from the Activity (Creeks vs Controls). There was no detectable significant differences in
community composition due to either Proximity to the shoreline or Activity, but there was
considerable small scale variation among the patches and also among the plots within a
patch. There was a large difference in the average abundance of animals relating to the
distance from the shoreline (i.e. Proximity), with this pattern reversing near the creeks, but
this difference was not significant. These differences were observed for the total number of
individuals, but also for major taxonomic groups such as the bivalves and amphipods. It
should be remembered though that the densities of the individual taxa were always quite
small.
There are several possible explanations for this lack of statistical significance, relating to
shoreline activity:
i.

Despite the differences in effect sizes (differences in the average abundances)
between the two types of shoreline Activity, these differences are due to natural
variation in abundances and not specifically related to the different Activity types.
That is, the lack of statistical significant reflects the lack of biological significance.
This would indicate that the influence of the creeks into Lake Cootharaba is not
affecting the abundance of the benthic fauna in a way that could be considered
ecologically relevant.

ii.

There were real effects of the creeks on benthic abundance but the scale and
magnitude of any such effects occurred over a larger spatial scale than was sampled
among the patches. That is, the effects of the creeks (e.g. sedimentation, increased
turbidity, inputs of freshwater) extend over a larger area, possibly the entire lake.
Inputs of sediment, especially from Kin Kin Creek may be having a marked effect on
the benthic communities throughout Lake Cootharaba and possibly within the entire
Noosa system.
Increased sedimentation is likely to change the mix of sediment grain sizes present in
benthic habitats, with the fine particles being deposited on the surface of existing
sediments. These sediments may become mixed or remain as distinct layers
depending on the extent of water movement and resuspension. The benthic fauna
live on or among the sediment particles, so sediments with a large number of
different fractions (grain sizes) present are considered more complex than sediments
that are well sorted (narrow range of grain sizes present). Detailed studies on the
rates of sedimentation and benthic resuspension would need to be done in order to
determine how inputs of sediment from Kin Kin are modifying the average grain size
and sorting coefficients across the whole of Lake Cootharaba and perhaps lower
down the estuary.

iii.

One of the original driving forces for this study was concerns over the impacts of
prawn trawling within Lake Cootharaba, on the basis of anecdotal reports and also
documented declines in the commercial catch. The current study was not done
though to examine specifically any impacts from prawn trawling, but rather to
investigate the current status of the benthic communities (of which prawns are one
part) within the system and to examine the potential for using prawns as a sentinel
species for detecting impacts. Declines in the catch as a result of prawn trawling are,
however, not the only recognised impact from this type of fishing. The trawl gear
commonly used is extremely damaging to benthic habitats and the associated faunal
communities, and the discards attract scavengers and predators which can also affect
benthic communities.
If there are environmental impacts associated with the decades of benthic prawn
trawling in Lake Cootharaba, these effects are likely to be manifested over much
larger spatial scales (i.e. the entire Lake) than we examined with our focus on shorebased activities, and they could be masking any effects from the creeks and sediment
inputs.

iv.

These differences have biological relevance and possible importance, despite the
lack of statistical significance. In the Control patches, where were more individuals
close to the shore, but in Creek patches, there was 35% more animals further away
from the confluence of the creek with the Lake. This suggests that the influence of
the creeks entering into Lake Cootharaba leads to a reduction in the total number of
animals close to the shoreline, whereas the unimpacted pattern (Control patches) is
that more animals are closer to the shore than further out.

2. Sampling in the main Noosa River channel was directed at three specific types of shoreline
Activities: Control or natural areas, those with Residential development along the shoreline
and within the buffer zone and those associated with Canal estates. Again, the primary result
from these studies was that there were some effects associated with proximity to the
shoreline, but very few effects associated with Activity. The main exception to this was the
very large reduction in the abundance of amphipods in the Canal estate sediments compared

to those in the main channel near the Controls or Residential areas.
Amphipod crustaceans lack a planktonic stage: the females carry the developing eggs in a
pouch under the abdomen (the marsupium) and the juveniles hatch directly from the eggs.
This may effect the capacity for amphipod populations to recover after any environmental
impacts, due to limited dispersal. There was also a significantly different community found
in the sediments within the Canal estates, but this was primarily due to an overall change in
the species of polychaete worms present in these patches compared with the main channel.
Together, these results suggest there are important impacts associated with the canal
estates, which need to be investigated further.
Canal estates, due to their restricted water circulation, are susceptible to periods of hypoxia
(reduced oxygenation of the water) and this has been found to impact on amphipods
elsewhere. Any freshwater runoff may also lead to localised changes in salinity which has
also been associated with decreased abundances of amphipods in estuarine systems. In
addition, canal estates are also associated with a large number of residential boat moorings,
introducing the potential for impacts associated with recreational boating to affect the fauna
within these areas. Recreational boating and canal estates have been associated with impacts
including hydrocarbon pollution from fuel, heavy metal toxicity from anti-fouling paints,
loss of submerged vegetation & organic enrichment from sewage dumping from on-board
toilets.
3. Sampling in Lake Weyba focussed on whether shoreline residential development affected the
benthic communities. Sampling was once again characterised by very large and significant
small scale patchiness. In contrast to the apparent role of Residential patches in the main
Noosa River channel, in Lake Weyba there were very clear effects of Residential activity on
the abundance of benthic animals, with significantly fewer animals close to the shore than
further out. This suggests that the effects are relatively localised so that the influence is
reduced with increasing distance from the sources. Given these effects were detected across
widely spaced Patches of the same activity, it is likely that the cause is something common
across most residential areas so that the influence is manifested where ever there are homes
on the shoreline.
There are a wide range of potential sources of impacts associated with residential areas that
could lead to such impacts, including:
(i)
Increased nutrients and/or pesticides associated with gardening and lawn
maintenance. Increased nutrient levels associated with septic systems and/or faecal material
from animals. The use of lawn fertiliser or even nutrient additives for plants (e.g. vegetable
gardens) may lead to excess nutrients (N and P) leaching into the nearby waterways. These
inputs are often non-point source and could be associated with most, if not all, residential
areas within this part of the system. Eutrophication (enhanced carbon production often
associated with excessive nutrients) is considered one of the major sources of biodiversity
loss within estuarine and coastal waters.
Pesticides, such as pyrethroids, are increasingly used in residential and industrial areas for
the control of insect pests, especially mosquitoes, because of their relatively minor toxicity
to mammals and birds. Aquatic invertebrates and fish, however, have been shown to be
affected adversely by exposure to these insecticides. Given the effects were specific to the
patches adjacent to the residential areas (i.e. they were different from the Controls) and
dissipated within ca. 100-200 m from the shoreline, the magnitude of any such inputs would
likely be relatively minor. There is the potential though for any nutrients to accumulate

within the system, given the poor flushing of Lake Weyba and the Noosa system in general.
If further studies are pursued, it is recommended that nutrient analysis is done on samples
from the water column and the sediments, using the sampling design implemented here.
This would allow a determination of whether nutrients are the likely cause of the impacts.
(ii)
Heavy metal and hydrocarbon pollution associated with runoff from impervious
surfaces (e.g. rooftops, driveways and tennis courts). Rooftops and paved surfaces
frequently accumulate pollutants associated with paints and other treatments and/or fuel
leaks from motor vehicles. Heavy metal pollution is a problem globally and there is a great
deal known about the effects of various metal species on different marine and estuarine
organisms. Lead (Pb) and Zinc (Zn) are frequently associated with residential areas, due to
their use in roofing materials. Hydrocarbons are introduced to the marine and estuarine
environment primarily through anthropogenic sources and can enter through the spills of
petrol in urban areas.
4. There was substantial and often significant small-scale patchiness in the abundance of the
benthic fauna. This was observed among the individual Patches, coded as belonging to a
specific Activity class, and also among the replicate samples.
i.

Significant patchiness in abundance is sometimes seen as a response to
environmental impacts, with greater variability considered an indicator of
disturbance. This has been shown, however, to not be a reliable indicator because
under some circumstances environmental disturbance was associated with a decrease
in variability.

ii.

Some of the variability among the different Patches was likely due to variability in
any effects associated with specific threats. The Methods developed allowed us to
select Patches that had the greatest similarity to each other in relation to those threats
that appeared dominant in that area of the estuary. It was not possible, however, to
incorporate every single threat into the selection of patches so other influences may
be acting on the composition of the benthic communities. Sampling a greater number
of similar patches would potentially resolve some of this variability, but at much
greater cost, due to the time-consuming nature of processing benthic samples.

Major Findings – Nekton Communities
Juveniles and small individuals (beam trawls)
A total of 193 individuals from 14 species, including 5 species of crustacean and 9 species of fish
were caught in beam trawls in the Lake Cootharaba region. Metapenaeus macleayi (school prawn)
was the most abundant species comprising ~35% of all animals caught but occurred in only 14 out
of 48 trawls. As was seen for the benthic data, there was considerable small scale variability in the
catches and this may have affected the capacity to detect significant differences associated with
specific land-use categories. Small numbers of individuals in all the trawl samples also made formal
analysis difficult because of the large number of zeros in the data (no individuals caught at all).
The average number in waters adjacent to the Control patches was more than twice those near the
Creek patches in Autumn but the converse applied in Spring, but these differences were not
significant. A 50% difference in abundance associated with the presence of creeks (and the
associated sedimentation and increased turbidity) is potentially of concern and warrants further
attention.

As with benthic assemblages, beam trawls in Lake Cootharaba were typically species depauperate
and species numbers were small irrespective of whether the samples were taken in waters adjacent
to Control or Creek patches. On average, no more than 2 species occurred per trawl in either landuse category for either season. The mean number of species did not differ significantly between
land-use categories or seasons, but did vary at the smaller spatial scale among the individual
patches. No individual species was sufficiently abundant in Lake Cootharaba to allow separate
analyses. Analysis of the community composition of the beam trawl data from Lake Cootharaba
indicated there were no effects that could be associated with the presence of the creeks draining into
the Lake.
A total of 907 animals from 21 different species were caught across both seasons in beam trawls in
the Lower Noosa River. Generally, beam trawls caught few species and many of the species caught
were rare (i.e. only a single animal was caught across all trawls for 10 of the 21 species). Three
species of prawn accounted for approximately 80 % of all animals caught in beam trawls in this
region: Lucifer penicillifer (a small pelagic shrimp); Acetes sibogae (also a small pelagic shrimp);
and Metapenaeus macleayi (commercial school prawn).
Land-use had a significant effect on the number of small individuals caught in beam trawls in
Noosa, with a significant interaction between land-use and season. In spring, there was significantly
more small nekton associated with the Control areas than either canals or residential areas.
Furthermore, the abundance of small nekton increased from Autumn to Spring in the Control
patches (associated with spring recruitment) but the opposite happened in the canal and residential
patches. Land-use was also found to have a significant effect on mean species richness with catches
adjacent to Control patches having more species on average than catches near either Canal estate or
Residential patches. This effect was greater in spring than autumn.
Similarly, there were more fish individuals caught near the Control patches than either canal or
residential patches in spring (again, after recruitment) but no differences in autumn. Numbers of
individuals were very small in Autumn in all land-use categories but there was significant
recruitment in the Control patches but not the canal or residential patches. Additionally, the overall
composition of the small nekton community was different in the control patches compared with
those adjacent to canals and residential areas, again indicating a significant impact from activities
occurring in these urban land-use categories.
A total of 5195 animals from 12 different species was caught in beam trawls across both seasons in
Lake Weyba. Catches again largely comprised mobile invertebrates (particularly prawns) rather than
fish. Acetes sibogae was the most abundant species accounting for 4912 (~95%) of all animals
caught with beam trawls in this region. The next most abundant species, Lucifer penicillifer had
more than an order of magnitude fewer individuals. The most abundant fish caught in beam trawls
in this region were Favonigobius exquisitus and Atherinid larvae.
Land-use was found to have a significant effect on mean nekton numbers in Lake Weyba with
significantly more animals adjacent to Control than Residential patches although this result needs to
be treated with caution due to the highly variable data. In both seasons, the average abundance
across Control patches was considerably augmented by a disproportionate number of animals in one
Control patch compared with the others. The total number of species occurring in the trawls was
very small and there was no detectable effect of land-use category on this measure of diversity.
Larger individuals of nekton (otter trawls)
A total of 559 animals from 15 different species including 3 species of prawn, 11 species of fish and
1 species of caridean shrimp was caught otter trawls in the Lake Cootharaba region. As with
individuals of the small nekton, the mean number of nekton caught in otter trawls did not differ

significantly between land-use categories or seasons, although there were marked decreases in
abundance from autumn to spring for both control and creek patches. A disproportionate number
(~41%) of animals caught in otter trawls in Lake Cootharaba could be accounted for by a large
school of Port Jackson glassfish (Ambassis jacksoniensis) caught in a single trawl near a creek patch
in Autumn. This species was only caught as a single individual in one other trawl.
The most prawns that were caught belonged to Metapenaeus macleayi but these were caught
primarily in waters adjacent to a single control patch, during the autumn sampling. Prawns were
rare in other patches in Autumn and also in the spring samples. Community composition of the
large nekton did not vary as a function of land-use category but only 27 of the 48 otter trawls
contained any catch.
A total of 485 animals from 31 different species including 3 species of prawn, 26 species of fish and
2 species of ray was caught otter trawls in the Lower Noosa River. Many species caught (~42%)
were rare occurring as one or two individuals in a single trawl. Neither land-use nor season were
found to have a significant effect on the mean numbers of nekton caught in otter trawls in the Noosa
River region. There were also few species caught in the trawls at any time. There was no detectable
effects of land-use on the abundance of fish or of prawns.
Overall, very few large mobile nekton were caught in otter trawls in Lake Weyba. A total of 329
individuals comprising 15 different species including 4 species of prawn, 10 species of fish and 1
ray were caught across the two seasons of sampling. Land-use category (i.e. control vs residential)
had no significant effect on the abundance of large nekton in the trawls, although there was a threefold difference in mean abundance with more individuals near control patches than residential.
Conclusions: There were clear impacts on the abundance of the small nekton, associated with landuse categories, but these effects were not apparent for the larger species of nekton. This makes
logical sense given smaller individuals and smaller species tend to be more site-attached (i.e. less
mobile) than larger individuals and larger species. The latter are more likely to move through an
area transiently, accounting for their appearance in samples only associated with a single patch at
any time. As such, these larger individuals and species are less likely to be affected by treats
associated with the relatively small spatial scales of patches. The impacts on the smaller individuals
needs to be investigated further to identify potential mechanisms through which threats are being
manifested and if specific threats are more likely to be associated with these impacts.

Historical Analysis of Benthic Data – 1998 vs 2018
Benthic animals, living in or on the sediment, are a suitable group of organisms for monitoring the
effects of pollutants in aquatic systems. These animals are relatively non-mobile (compared with,
for example, fish) and therefore may provide information on the local effects of pollutants. It is also
relatively easy to sample these assemblages quantitatively, providing reliable estimates of
abundance and diversity at different spatial and temporal scales.
We had data from a previous study completed in 1998, that included sampling in Noosa River
estuary. At the time, the estuaries that were sampled were considered to be relatively pristine with
respect to chemical pollutants. Information on the types and numbers of species found in the
sediments along a gradient from the mouth to the upper estuary was obtained in both systems. An
extensive set of environmental (physico-chemical) variables were also measured at each place a
sample for examination of animals was collected. These combined data were used to describe the
patterns of spatial and temporal variation of the benthic macrofauna and also to determine whether

there was any basis for proceeding with the development of a predictive model based on the
relationships between environmental variables and the distribution of macrofaunal species.
We took advantage of this historical sampling in the Noosa River estuary and repeated this
sampling in 2018, using identical methods and gear types, in the same places, that had been
examined in 1998. This provided us with a 20 year comparison of the status of the benthic systems
in the Noosa River.
The benthic community was analysed at both the coarse level (order) and at the species level.
Although extremely time consuming, the examination of species-level community structure was
necessary in order to determine how much information was ‘lost’ when only coarse taxonomic
levels are used. It also provided us with a somewhat unique opportunity to assess directly any
changes in biodiversity within the benthic community of the Noosa system over the 20 year period.

Methods
Four locations were selected along each estuary at regular intervals from the mouth of the estuary,
to the (arbitrarily determined) limits of the estuarine reaches (Figure 7). Intermediate locations were
situated along the estuaries at regular intervals.
1998: Samples of sediment were collected from subtidal habitats at each of three sites (each 10 m x
10 m in size and separated by at least 10m) at each of the four locations in the two estuaries.
Sampling of the macrofaunal communities was done using a 0.04 m2 Smith-McIntyre grab. Eight
replicate grab samples were collected within each 100 m2 site. Eight replicate samples represents a
relatively large sampling intensity compared with other published studies (Skilleter, personal
observation), but it was considered essential that sufficient data be available in the initial phases of
this project to allow detailed examination of issues such as statistical power and cost-benefit
analyses.
2018: Samples were collected with a 0.01 m2 van Veen grab. Because of the shallow water in some
areas and the smaller research boat being used, the larger Smith-McIntyre grab used in 1998 could
not be made to trigger reliably and the samples being collected were of variable volume. The
smaller van Veen grab provided a more reliable and consistent sample. The macrofaunal samples
were processed to provide quantitative, and where possible, species level data to maximise data
analysis options.
1998: The overall benthic community in the Noosa River system in November 1998 was species
rich and abundances were often quite large. A total of 150 species was sampled across the four
locations, although the number of species at the individual locations varied considerably (Figure 8),
ranging from 43 species near the mouth of the estuary to 100 species in the channel between Lakes
Cooroibah and Cootharaba.
The fauna comprised varying proportions of amphipod, isopod and tanaid (peracarid) crustaceans,
decapod crustaceans, bivalve and gastropod molluscs and polychaete worms. Polychaete worms
dominated the lower reaches polychaetes, bivalves and amphipods had relatively similar
representation at the southern end of Lake Cooroibah, while the upper reaches were dominated by
tanaid crustaceans
A total of 9260 individuals was sampled from the four locations, with the largest number of benthic
animals (4496) collected from Location 3, the western reach of the lower channel. Thus, the benthic
community of the Noose River system was characterised by large numbers of species and relatively
large abundances, although there were also a large number of rare species (represented by only 1-2
individuals) at all locations (Figure 9).

The benthic assemblages at each of the four locations was distinct, with almost complete separation
of the four groups in multivariate analysis. More importantly, the results of the analysis of the data
showed that there were highly significant differences among the four locations, but also among the
three sites within the different locations (small scale variation). More detailed examination of the
analysis results shows that the assemblages in adjacent locations were more similar to each other
than to locations further apart. That is, for example, the assemblage in Locations One was more
similar to Location Two than Locations Three and Four. This means that there is a progressive
change in the composition of the benthic assemblages along the estuary.

Figure 7: Map showing the four locations within the Noosa River system where samples were
collected originally in 1998 and then again (twice) in 2018.
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Figure 8: Map showing the total number of benthic species found at each of the four locations
within the Noosa River system sampled in November 1998

Figure 9: Map showing the total number of benthic animals found at each of the four locations
within the Noosa River system sampled in November 1998
An examination of which species contributed most to the differences in the assemblages, showed
that no single species dominated. This means that the differences in the assemblages were a result
of a change in the overall composition of the fauna, rather than simply a change in abundance of a
few dominant species. The other notable feature of these results was the fact that the species
contributing most to the discrimination between the different locations were a mix from the major
groups (i.e. amphipods, bivalves & polychaetes), rather that any single group.
The abundance of benthic animals varied considerably at all spatial scales, from among replicate
grab samples (metres), among sites (10’s metres) and among the locations along the estuary.
Location Two had the fewest animals per grab sample but formal analysis indicated that the
apparent differences were not significant due in part to the large variation at the smaller spatial
scale of Sites within Locations. Although there was considerable variation among the three Sites
within each of the Locations, this was most pronounced at Location One, closest to the mouth of the
estuary where there was a three-orders of magnitude difference in the abundance of animals at one
site compared with the other two.
2018 – General Description: A total of 1114 individuals, from only 50 species, was collected in
May 2018, at the same locations where 9260 individuals from 150 species had been collected in
1998. Densities (standardised to 3.5 litres of sediment) were much smaller in 2018 than had been
collected in 1998 and there were many samples now that only contained a few individuals.
The decline in the number of species between 1998 and May 2018 was dramatic, with reductions of
between 60-70% depending on which position in the estuary was being sampled (Figure 10). This
large decline in the number of species was cause for immediate concern, so we resampled these
positions in November 2018, at a time when spring recruitment of many benthic species with
invertebrate larvae should have been occurring. Additionally, we increased our sampling effort (the
number of samples at each place) three-fold. When sampling rare species, the greater the number of
samples collected, the greater the probability of collecting those species.

Figure 10: Total numbers of species collected in grab samples at each of the four locations sampled
along the Noosa River estuary in November 1998 and again in 2018. Two numbers are shown for
2018. 2018i represents the number of species collected in samples at that position in May. 2018ii
represents the number of species collected in samples in November, with sampling effort increased
three-fold. This is shown as two numbers (e.g. 60/38): the first is all species, the second does not
include rare species – those only found as a single individual. The % change in species number is
also shown for May, 2018 and for November 2018, excluding rare species.

As expected, sampling in spring with a greater sampling effort, resulted in many more species being
found in the samples. The reduction in the number of species compared with 1998 was between 643% if all species are included. Many of these species were, however, occurring only as a single
individual, despite the increased sampling effort. That is, they were very rare. The decline in the
number of species when these rare ones are excluded was from 30-65% (Figure x+3). While clearly
this decline was not as dramatic as in May, 2018, this still represents a very substantial decline in
the number of species that occurred in the sediments along the Noosa River system.
The most abundant and most speciose groups in 2018 were the polychaetes, bivalves and
amphipods. Most estuarine polychaetes and bivalves have a planktitrophic larval stage so new
individuals settle from the plankton after spending time as larvae in the open water column. In
contrast, amphipods are direct developing peracarids – there is no larval stage.
Originally, it had been our intention to do detailed analysis of the samples from 2018 and compare
the community composition and overall abundances across the 20 year period. This was made
redundant though given the small numbers of animals that were found in each sample in 2018. The
overall conclusion is though, that the abundance and diversity of the benthic animals, a key
component in the diet of many finfish and crabs, is now severely depleted compared with historical
levels.

Management Considerations – Dredging
If the primary cause of the decline in benthic communities, both over the long-term (20 year period)
and over small spatial scales associated with specific human activities, is accepted as being caused
by sedimentation and associated benthic resuspension, the following recommendations are made for
future work.
1.
Before any management responses are initiated, a program of measurement of benthic
resuspension and sedimentation should be implemented. Any such program should be designed to
incorporate variable weather events (e.g. strong winds, rain periods). This program should be
initiated as soon as possible to take advantage of the recent benthic sampling that has been done,
allowing the results of the two phases of work to be linked to each other.
2.
In association with any studies on benthic resuspension and sedimentation, once preliminary
data are available, the depth profile into the substratum of major groups of benthic organisms
should be determined. This would provide information on which species are living close to the
surface of the sediments and therefore more susceptible to the immediate effects of smothering.
3.
Consideration should be given for implementing a semi-regular monitoring program of both
the benthic and nektonic communities, with a sampling design targeting the management options
that are implemented, in order to measure the success or failure of such options. Clear statements
about the ecological goals of any management actions must be stated before the sampling designs
are developed.
4.
Plans should be made for opening the mouth of the estuary at a time when there are peak
spring tides and possibly predicted rainfall. Opening the estuary at this time would provide an
opportunity for accumulated fine sediments to be flushed from the system. This is no longer
possible due to the restricted opening and reduced tidal prism.
5.
Once flushing has been achieved, maintenance of dredging channels through the shallow
lakes should be established and discussion should be held with the relevant government agencies
about establishing designated ‘go slow zones’ within the lakes and possibly even areas where
boating is not allowed, to reduce swash from boats eroding shallow shorelines and preventing the
re-establishment of seagrass (intertidal and shallow subtidal) and mangroves. This would, by
necessity, need to include the banning of prawn trawling in the shallow areas, if it is not possible to
ban all trawling in the system.
6.
Future considerations, if sedimentation and resuspension is shown to be reduced after
flushing and dredging of channel, could then be given to replanting of both seagrass and mangroves
in areas where these flowing marine plants were once known to be present.
Conclusions
Dredging, whether it is for maintenance of boating channels, creation of new habitats, or opening
the mouth of the estuary, is associated with a wide range of potential impacts on biodiversity and
also on ecosystem goods and services. The various threats include:
• Complete loss of fauna from the area being dredged due to entrainment in the dredge gear;
• Some mobile fauna may escape
• Some species may be returned in overflow of fine sediments;
• Changes to phytoplankton primary production due to changes in chemical (nutrient) exchange
between the suspended sediments and the water column and/or reductions in light penetration into
the water column due to increased turbidity;

• This may result in algal blooms, including of toxic species;
• Secondary production (zooplankton) may be stimulated due to increased phytoplankton
production. Blooms may lead to hypoxia if too much material sinks to the bottom and dies, leading
to dead zones, which can spread;
• Increased turbidity can affect the feeding success of a wide range of species in the water column,
including larval prawns and crabs, fish and many of the species (e.g. copepods) that form the diet of
higher trophic levels;
• Effects on benthic fauna may also be widespread due to the often close relationship between
animals and the sediment;
• Changes in benthic community composition as sediment grain size changes;
• Burial and smothering of animals as fine sediments sink back to the bottom;
• Changes in the stability of the substratum affecting different types of animals;
• Effects on larval supply through complicated mechanisms;
• Release of toxic chemicals (e.g. pollutants, acid-sulphate leachates) back into the water column
for further dispersal;
• Loss of specific benthic habitats, such as oyster reefs, tube-mats, seagrass and algal beds.

Historical Analysis of Benthic Data Floods vs Dredging
Dredging and beach replenishment works were done along the foreshores of Noosa Spit in the
lower Noosa River in two stages during 1998. The primary aim of this dredging operation was to
replenish seriously eroded intertidal banks along the foreshore. Sand to replenish the intertidal
foreshore was to be dredged from intertidal sand banks in the mouth of the Noosa River estuary.
Noosa Council constructed an intertidal sandy beach along the foreshore of Noosa Spit to offset the
loss of shallow-water foraging habitat for benthic-feeding fishes in the area from where the
sediment was to be taken.
The results from this study on dredging are included here because they provide ecological context
for the magnitude of any changes and differences that may be detected as part of the current study
on ecological changes within the Noosa River estuary. That is, this study on the impacts of floods
and dredging provide empirical information on the magnitude of impacts associated with natural
(floods) and anthropogenic (dredging) events within the system, studied under relatively controlled
circumstances.
The need to detect any significant effects was noted before the dredging programme began and this
enabled a focussed sampling programme to be designed and implemented before the onset of
dredging. Further sampling was also planned once the dredging operations were completed.
Sampling designs incorporating a ‘Before’ and ‘After’ component, incorporating multiple reference
regions within the programme with the necessary and appropriate spatial sub-sampling, provide the
most powerful tests available to detect environmental impacts. Thus, the sampling programme was
the most scientifically rigorous programme which could be implemented in order to determine
whether there was any significant environmental effects associated with the dredging operations in
the mouth of the Noosa River estuary. This programme was also possible at the time because of the
relatively large numbers of benthic animals that were present in the sediments in the lower estuary.
Such a sampling programme would not be feasible, using the same methodology, today because of
the very small numbers of animals currently living in the sediments.
Sampling was done using a staged approach, with detailed analysis completed at the end of each
stage before further work was done. The sampling programme was designed to meet four essential
aims necessary for any sensible decisions to be made about the effects of dredging in the mouth of

the Noosa River estuary. First, sampling was aimed at obtaining information on the numbers and
types of animals which live in the estuarine sediments in the areas which could potentially be
affected by dredging, and in nearby areas which would be unaffected by the dredging. Second,
because populations and communities of plants and animals are constantly changing in response to
physical and biological conditions in the environment, the sampling programme was designed to
take into account this natural variation in the populations and communities in the Noosa estuary.
Third, the design of the sampling programme was suitable for detecting a range of different types of
impact associated with dredging which could operate at different time-scales, affecting populations
and communities in different ways. Finally, the sampling programme was designed to answer the
specific question of whether there were significant impacts on the populations and communities of
animals in the sediments at the mouth of the Noosa River estuary where dredging had occurred.
Samples were collected from the Dredged region and two Control regions on two occasions before
the onset of dredging and two occasions after the first stage of dredging was completed.
Analysis of the first sets of samples indicated that (i) there were changes in the community of small
animals which occur in the sediments in the area immediately adjacent to the dredged plots and in
the nearby Fish Habitat Area (an area protected under Fisheries legislation); (ii) these changes were
very similar in both places; (iii) the changes were different from those which are occurred in the
Control Regions over the same time period; and (iv) the changes coincided with the operation of the
dredge in the mouth of the estuary.
All the available evidence suggested the occurrence of an environmental impact associated with the
interim dredging operations in the Noosa River. It was not, however, possible to rule out an
alternative explanation that these differences were a result of natural (i.e. not human-induced)
changes in the communities near the mouth of the estuary (the Dredge Region and the Fish Habitat
Region) which were different from those occurring further up the estuary (the Control Regions).
The initial dredging operations coincided with the occurrence of Cyclone Yali, with associated
flooding and falling water temperatures. Further sampling was therefore done to separate out the
effects associated with dredging (a human impact) and that of flooding (a natural perturbation).
Examination of the data from the sampling around the preliminary dredging operations suggested
that the dredging had caused significant environmental impacts on the populations and assemblages
of benthic invertebrates in the lower Noosa River estuary, particularly the polychaete worms. The
general conclusion was that there have been changes in the community of small animals which
occur in the sediments and this coincided with the dredging but it was impossible to rule out the
possibility that these differences were a result of natural (i.e. not human-induced) changes in the
communities near the mouth of the estuary associated with the simultaneous occurrence of flooding
and heavy seas associated with Cyclone Yali.
There were three taxonomic groups that may have been impacted directly by either the dredging
and/or the flooding: the abundance of capitellid polychaetes, soldier crabs and the diversity of
polychaetes. Given the life history characteristics of capitellid polychaetes, it is not surprising that
their abundances rose sharply after the dredging, indicating that there has been some environmental
disturbance. There was no significant impact on the abundance of capitellid polychaetes associated
with the preliminary dredging though. This suggests the smaller amount of disturbance associated
with the preliminary dredging operations was not sufficient to impact these worms, but the very
much larger amount of dredging associated with the main operation did cause an impact.
For crabs (primarily the soldier crab, Mictyris longicarpus), there appeared to be an affect on their
recruitment, suggesting the dredging had made these sediment less suitable for these animals. The
magnitude of the impact from dredging is, however, about the same level as that associated with the
disturbance from the recreational bait-harvesting of yabbies. In other words, dredging has had an

impact on these small crabs, but other common forms of human disturbance in local estuaries also
cause impacts of a similar magnitude.
It is more difficult to interpret the significant result for the total number of families of polychaetes.
This was used as a surrogate measure of the diversity of worms in the system, but there is a great
deal of contention in relation to the meaning of such surrogates and whether they are of ecological
relevance. It could be argued thought that the results of this analysis indicates that at some level
there has been a change in the nature of the habitat and this had meant that different groups of
worms were able to colonise there. This is clearly an impact. Many of the groups of worms that
occurred in the samples from the FHA after dredging were in small numbers which meant there
were not enough to analyse their abundance separately, but this does not mean that their abundances
were not affected by the dredging. They now occur in places they did not previously occur.

