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SUMMARY
Woodside Energy Limited (Woodside) is undertaking an environmental impact assessment for the Browse
LNG Development. Part of that assessment covers dredging of nearshore areas to create the
infrastructure for an LNG export facility. Draft Environmental Assessment Guidance No. 7 of the Western
Australian Environmental Protection Authority recommends that such assessments are subject to
evaluation of both the potential direct and indirect impacts of the project.
The current method for predicting the indirect impacts of a dredging project is to undertake numerical
modelling of the dispersion of sediments emanating from the works and to interrogate the outputs of
that model to provide a spatial prediction(s) of various levels of impact on receiving communities.
Interrogation of the model’s water quality predictions requires the adoption of one or more thresholds to
indicate what levels of the modelled parameter will cause stress or mortality in receptor organisms.
Both the predictions of the numeric model and the estimates of physiological stress thresholds are
subject to considerable uncertainty. The resultant outputs of combining the two to provide an estimate
of the indirect footprint of dredging should be viewed as indicative rather than definitive. For that reason,
it is important to make explicit the evidence and assumptions on which predictions are built. This
document sets out the basis on which water quality thresholds have been derived for the assessment of
indirect impacts of the dredging phase of the downstream Browse LNG Development. Some thresholds
differ from those used for the Strategic Assessment Report as a result of the use of guidelines issued by
the Western Australian Environmental Protection Authority since that assessment was prepared and an
improved data set for baseline water quality.
Thresholds have been derived at the level of community, or habitat. Based on an extensive set of towed
video data and an intensive quantification of benthic cover using drop cameras, habitat types were
classed as
 Mixed benthos;
 Seagrass; or
 Sand
Thresholds have been developed according to the Western Australian Environmental Protection
Authority’s assessment guidance for marine dredging projects. In that regard, thresholds determining
various zones of impact present a most likely case, for use in model interrogation, and one or more
contextual cases to indicate whether the modelled case is likely to represent an overestimate or
underestimate of effects. For the zones of High Impact and Influence, definitional thresholds are used as
the most likely case with ecologically derived thresholds as the comparators. The Zone of Moderate
impact uses ecological thresholds only.
Ecological thresholds have been developed as a set of intensity-duration-frequency combinations
predicted to cause impacts within the mixed benthos and seagrass habitat classes. The critical responses
for which thresholds have been developed are drawn primarily from the Western Australian
Environmental Protection Authority’s assessment guidance for benthic primary producer habitats. Those
guidelines emphasise the distinction between impacts on ecological structure or function lasting for more
than 5 years (denoting a High Impact) and those which are recoverable within 5 years (denoting a
Moderate Impact). Some thresholds are stated as likely best (impacts occur only after high stress) and
likely worst (impacts occur at low stress levels) cases to reflect uncertainty in dose-response estimates.
iv
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From first principles, literature and previous studies, the water quality parameters considered as most
likely to be affected by this dredging to a degree where they might impact on the above benthos were
sedimentation and light attenuation. Thus thresholds have been developed for both those parameters for
the mixed benthos and seagrass habitats. Dispersion models typically predict only the incremental effect
of dredging on water quality parameters, thus thresholds are developed here as incremental measures of
stress factors in the environment in which biota occur.
Thresholds developed are listed in Table S1. The season and depth zone where thresholds are intended to
be applied were drawn from an understanding of the mode of action of the various impacts coupled with
the seasonality of water quality parameters shown in the baseline water quality data set and the
distribution of sensitive receptors revealed by field surveys and habitat modelling. Threshold values
consider only the modelled contribution from dredging and have been adapted during development to
represent values above background.
Laboratory and field studies were undertaken to allow conversion between water quality parameters
such as turbidity (NTU), suspended sediment concentrations (mg/l) and light attenuation (KdPAR).
Relationships used in formulating thresholds in sedimentation or light attenuation are presented in the
report body.
Table S1. Consolidated thresholds and their application: thresholds in bold are those to be used for determining the most
likely case for each zone, while thresholds in italics provide contextual predictions.

Category
Zone of Influence

Threshold
TSS >5 mg/l for 5% of dredging campaign
14d median sedimentation > 126 mg/cm2/d
14d median sedimentation > 7 mg/cm2/d
14d median TSS > 15.6 mg/l
14d median TSS > 1.5 mg/l

Zone of Moderate
Impact
(occurs where either
threshold is
exceeded)

mean sedimentation > 84 mg/cm2/d over a Mixed benthos: Areas <14m,
rolling 84d period (likely worst case) OR entire year
100 mg/cm2/d over a rolling 84d period
(likely best case)
median daily TSS >([234/z]*f-3.4) for 10
days in any 12 day period (likely worst
case) OR 30 days in any 36 day period
(likely best case)

Zone of High Impact

Application
All areas, entire year
All areas, December – March
All areas, April - November
All areas, December – March
All areas, April - November

Seagrass: Areas <25m, April November

Direct dredging footprint
All areas, entire year
Mean sedimentation over rolling 14d periods Mixed benthos: All areas, all year
> 165 mg/cm2/d

z = depth in metres, for depths; “<” means “shallower than”; f = seasonal correction factor of Table 25
Thresholds presented here have been developed for use in interrogating a numerical model of sediment
dispersion. They are not intended to act as water quality triggers for use in operational management.
Such a use would require amendment of thresholds, including shortening of durations to align with
operational management needs.
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ABBREVIATIONS
AHD

Australian Height Datum

AIMS

Australian Institute of Marine Science

ANZECC
cm
CSIRO
d

Australian and New Zealand Environment & Conservation Council
centimetres
Commonwealth Scientific and Industrial Research Organisation
day

DEC

Western Australian Department of Environment and Conservation

DSD

Western Australian Department of State Development

EPA

Western Australian Environmental Protection Authority

f
FID

Correction factor for the effect of season on the angle of light from the sun
hitting the sea surface
Frequency intensity duration

hr

hours

Kd

Coefficient of attenuation for downwelling light

kg

kilogram

l

litre

ln

Natural logarithm

LNG

Liquid natural gas

m

Metres (depth stated as AHD)

mg

milligrams

NTU

Nephelometric turbidity units

p

probability

PAR

Photosynthetically active radiation

PPFD

Photosynthetic photon flux density

PVC

Polyvinylchloride

r
s

Pearson correlation coefficient or coefficient of determination when squared
as r2 or R2
second

SI

Surface irradiance

sp.

Unspecified species: where the species is unknown or irrelevant (plural spp.)

TSS

Total Suspended Solids

µE

microEinsteins

µm

micrometres

z

depth
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INTRODUCTION

MScience Pty Ltd (MScience) has been requested by Woodside Energy Ltd (Woodside) to develop working
thresholds for water quality that represent levels at which the benthic community within the area
surrounding nearshore dredging at James Price Point may suffer mortality. The intended use of such
thresholds is to interrogate the outputs of sediment dispersion models to identify areas of seabed where
dredging impacts may cause levels of stress or mortality to benthic communities. The resultant
predictions will be used to assess the likely impacts of a proposed dredging program consistent with the
Western Australian Environmental Protection Authority’s Draft Environmental Assessment Guidance 7.
The study area referred to within this report is defined as the area where benthos are at risk of receiving
some sediment from the dredging program throughout the program life (DSD 2010). Survey data from
the study area (see Section 2) show that for the assessment of impacts on benthos over an extensive
area, benthic communities are best subdivided into the following three categories:


mixed benthos: a patchwork of various benthos including sponges, hard corals, soft corals, a
variety of other sessile fauna, macroalgae and occasional sparse seagrass, generally with an
average cover of 1-10% biota, or 40-70% cover if turf algae are included;



seagrass beds: areas of sandy bottom with 2% to 20% cover of Halophila sp. with few other biota;



soft bottom: mostly bare sand with occasional patches of urchins or infauna (inferred from
bioturbation).

Impact thresholds are developed here for the first two categories only.
The knowledge base on which thresholds are developed is as follows:


A review of recent literature on the effects of turbidity and sedimentation on hard corals, soft
corals, sponges and seagrasses, and thresholds used in recent dredging projects (Section 2);



Experiences drawn from monitoring around dredging programs off Western Australia’s Pilbara
Region;





Surveys of the hard coral, soft coral, sponge and seagrass fauna of James Price Point (Section 2);



Analysis of the baseline water quality recorded off James Price Point from November 2010 to
June 2011 (Section 2.7)



Integration of the above to develop thresholds at intensities and durations relevant to the
physiological mechanisms of mortality and stress affected by the impacting processes.

Laboratory-based experiments on the effects of sedimentation on corals and sponges, and light
reduction for seagrasses, using species relevant to those identified to occur at James Price Point
(Section 3);

1
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At this stage, the data on the ecology of benthic communities at James Price Point is restricted to a few
surveys describing the fauna and flora via remote methods and does not cover seasonal variation in
communities in any detail. Neither are there studies of the ecosystem processes important to the
benthos. However, this is consistent with data levels informing recent dredging impact assessments
within Western Australia’s northwest. The targeted studies of dose-response for sponges and seagrass
provide specific information beyond that collected by recent comparable assessments.
Section 4 of this report describes how thresholds have been developed to comply with the requirements
of the Western Australian Environmental Protection Authority’s environmental assessment guidance 7
(EPA 2011) recommendations for zonation of levels of impacts and threshold derivation in the face of
high levels of ecological uncertainty.
The development of water quality thresholds for predicting the impacts of dredging programs typically
uses simple cause-effect models. Complex models may include a variety of factors known to play a role in
contributing to stress on benthic organisms, but in situations where many parameters are subject to high
levels of uncertainty in their measurement or action, complex models may perform equally poorly to
simple models (Harper et al. 2010). Thus thresholds derived here are simple, single parameter, measures
of water quality specified by their intensity and duration, with some consideration of the frequency of
occurrence of those events.
These thresholds are intended for use in interrogating the outputs of numerical models of sediment
dispersion predicted to occur around dredging and disposal activities. There is no intent that these
thresholds be measurable in a field situation or be used to manage dredging activities. Indeed, the
durations over which some of the threshold statistics are compiled are too long to be suited to reactive
management.
Sediment dispersion models typically describe water quality in terms of suspended sediment
concentration, here called total suspended sediment (TSS), and sedimentation. Thresholds developed
here are expressed either as sedimentation increases, or as a degree of reduction in light reaching
photosynthetic organisms. Section 5 describes the results of field and laboratory-based experiments
conducted to provide a quantitative relationship between TSS and light attenuation to allow
transformation of TSS values into predictions of light reduction at the seabed.

2
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JAMES PRICE POINT BENTHIC COMMUNITIES

2.1

Overview

Characterisation of the benthic communities within the study area off James Price Point predicted to be
at risk of some level of effect from sediment originating from construction of the port facility (DSD 2010)is
an ongoing task. To date, this biota has been described from:





surveys of the broader region designed to categorise general habitat types and their distribution
(Fry et al. 2008; Irvine and Keesing 2009; Masini et al. 2009; SKM 2010c);
an evaluation of the seasonal variability of seagrasses through repetition of a video survey of
specific sites (SKM 2010b);
description of one of the common components of the area’s soft substrates (Keesing and Irvine
2011); and
a series of repeated surveys at a number of sites where benthic cover has been quantified using a
drop camera method (MScience 2011a).

The study area ranges in depth from the intertidal to approximately -25m AHD. A description of the
intertidal environment has been presented elsewhere (SKM 2010a) and is not considered here. Due to
the exposed nature of the coast in this area, surveys undertaken to date have utilised large vessels and
have concentrated on areas with depths in excess of -5m AHD.
The above studies provide a consistent picture of the habitat types present in the area, but as yet have
not included sufficient repetition over time to describe seasonal or interannual change in the
communities occurring in these habitats with confidence.
The mixed benthic communities present within the study area occur almost entirely on areas of exposed
hard substrate. Seaward of the reefs fringing the immediate subtidal, these hard substrate areas usually
have relatively low relief and are interspersed with extensive areas of sandy substrate. The degree to
which this sandy habitat is mobile and may periodically overtop the hard substrate is unknown. A
predicted distribution of various habitat types (Figure 1) has been developed from a model which
associated habitat types identified in a video survey with bathymetric data derived from a laser airborne
depth sounding data set (SKM 2010c). The model’s prediction of seagrass habitat was subject to high
levels of uncertainty due to the paucity of seagrass found in the video survey used to train the model.
In effect, the map of predicted habitat occurrence within the study area (Figure 1) represents a
conservative estimate (overestimate) of the distribution of benthic habitat at any time. The model of
habitat occurrence identifies areas in which various community components are predicted to occur at
greater than 5% cover. Detailed surveys of these areas suggest that not all habitats predicted to be
occupied by a biotic benthic community contain that community at any specific time. Areas predicted to
be coral or seagrass above 5% cover often contained only sand, or hard substrate with a veneer of sand,
when examined in later surveys. A working hypothesis is that the abundance of biota will vary over time
at a site, such that at any one time, biotic communities occupy only a portion of sites suitable for their
occurrence. This hypothesis will be subject to testing as the data set for benthic habitats is extended to
include a series of repeated measures from the same sites.
3
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Figure 1. Predicted distribution of benthic primary producer communities surrounding James Price Point.

Source: SKM (2010c)
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Based on images taken from a drop camera in detailed surveys of 25 sites within the study area
(MScience 2011a), at locations where hard bottom constituted over 40% of the substrate, the mixed
benthos was comprised of the following proportional coverage:








turf algae – 40%
other algae – 15%
sponges – 4%
fauna (not hard coral or sponges) – 3%
hard corals – 1.5%
seagrass – 0.5%
sand or bare substrate – 35%

Broadscale surveys of the study area have described habitats on the basis of combinations of biota seen
in video records, such as “sponge garden dense” (Fry et al. 2008) or “mixed mosaic of hard coral, soft
coral and algae” (DSD 2010 - Appendix G), whereas the model of benthic habitats (SKM 2010c) predicts
the occurrence of biotic groups but does not integrate these into habitat types beyond a ‘mixed benthos’
category. Quantitative analysis of the association of classes of biota at fixed sites (MScience 2011a; SKM
2010c) suggests that there is no particular relationship between the presence of specific types of biota,
other than where seagrass occurs as the only macro benthos evident on sandy substrate.
Thus this document classifies the benthic habitats of the study area into three types:


mixed benthos: algae, sponges, hard corals, other sessile and mobile invertebrates growing on
hard substrate with interspersed patches of sand veneer with algae, sparse seagrass and some
mobile invertebrates;



seagrass beds: sandy seabed with little biota other than seagrass, mostly Halophila spp, from 12% to 20% cover;



sand: in various formations (basins, waves, flats) sometimes bioturbated suggesting infauna and
sometimes with aggregations of mobile fauna such as urchins (Keesing and Irvine 2011).

As yet, there has been no assessment of the benthos of this area which is based on surveys repeated with
the same methodology throughout a continuous 12 month period which survey the exact same area of
seabed. Thus estimates of community associations and seasonal change are inferred.
Biotic habitats are found almost exclusively on or in areas of hard substrates and are thus more common
in the north of the study area, especially to the north of Coulomb Point (Fry et al 2008, SKM 2010b).
Surveys by the DEC (Masini et al. 2009) suggest that in the Kimberley Bioregion filter feeder communities
often occur in association with biogenic reefs. They suggest that on these reefs, there is a transition from
predominance of hard corals to a predominance of filter feeders as depth increases. This may reflect
limited light penetration and DEC suggest that this transition occurs at a depth of approximately 10m
which is less than in areas of less turbid water, such as around Ningaloo Reef.
The current study area occupies the Canning Bioregion where DEC describes only restricted examples of
biogenic reefs. The degree to which the sparse benthos surveyed in the study area might contribute to
reef growth is unknown. When the depth distributions of hard corals and the non-coral fauna are
quantified (Figure 2) there is evidence that filter feeders predominate with increasing depth. While both
5
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groups are equally abundant shallower than -9m (the shallowest sites in that data set were at -8 to -9 m),
the non coral component increases abundance to the -11 to -14 m depth range while corals are virtually
absent below 11 m. There may be some contribution to the lack of corals at depth from a decline in
suitable habitat with increasing depth, but to a large degree, data collected from drop camera studies
suggest that the coral and non-coral fauna share similar requirements for hard substrates.

Figure 2. Abundance (mean and 95% CI of percent cover) of hard corals and other benthic fauna by depth (m below AHD).

Data from MScience drop camera surveys unpublished

It seems probable that hard corals, with their dependence on phototrophic nutrition are already light
limited within the study area, whereas the non coral fauna are not. Thus the development of thresholds
for the mixed benthos habitat may require separate consideration of its major components.
The following section describes the components of the mixed benthos and seagrass habitats in more
detail as context for the development of impact thresholds.

6
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Mixed Benthos - Hard Corals

Here, hard corals are taken to be members of the Order Scleractinia.
Hard coral communities are not well developed in the James Price Point study area. While elsewhere in
the Kimberley marine region, hard coral communities on nearshore reefs may be well developed and
diverse (Masini et al. 2009; Wilson et al. 2011), here they are not. A regional-level description of habitats
of the Kimberley suggests that coral communities become well developed only to the north or east of
Cape Leveque (Masini et al. 2009). Analysis of video transect data collected to support the area-wide
habitat modelling (SKM 2010c) suggested that coral coverage in the area was most commonly at trace
levels (1-5%) or sparse (5-10%) and occurred in mixed, rather than coral-dominated habitats.
Quantitative assessment of drop camera images showed that hard corals typically co-occurred with other
types of biota within the mixed benthos habitat occupying the hard substrate. While some very small
areas (typically less than 10 square metres) contained high coral cover (>50%), there were no areas of
hundreds of square metres to hectares with the density of coral cover required to yield functional coral
community habitats –nominally occurring where coral cover is > 10% (MScience 2007).

Coral Species Present
Surveys undertaken to date have not specifically targeted corals and observations on corals have been
made incidentally in general surveys of benthic habitats. The number of species present at James Price
Point is unknown. The work of Irvine and Keesing (2009) to document epibenthic species by capture
using a towed dredge identified only 14 species of coral between Gourdon Bay (south of Broome) and
Packer Island (just south of Cape Leveque) of which only 5 were found from transects in the Coulomb Pt
to Quondong Pt area (Table 1). Corals collected in the CSIRO sled-based program are unlikely to be
representative of the general coral community. Corals are best developed and most numerous in hard
bottom areas with complex topography – which would be under sampled by sleds.
Table 1. Coral species collected and identified at James Price Point - taken from Irvine & Keesing (2009).
Biota group
Hard Coral
Coulomb Pt – Quondong Pt

Species
Montastrea curta
Moseleya latistellata
Tubastrea sp.
Turbinaria patula
unidentified hard coral

The broadscale video survey undertaken as part of the impact assessment process (SKM 2010c) reported
coral found in terms of Table 2. The above surveys found Turbinaria spp. and faviids to be the most
abundant hard corals at James Price Point.

7
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Table 2. Coral genera identified from intertidal and benthic habitat survey at James Price Point.
Author

Biota group

Morphological group

Typical taxonomy

SKM (2010c)

Hard Coral
(benthic)

Branching; Digitate
Foliose
Massive

Acropora
Turbinaria
faviid
Porites
Porites
faviid
Porites
faviid

Sub-massive
Encrusting

None of the corals identified to species level are known to be rare or represent locally significant
occurrences. However, species of corals typically found in the nearshore environments of the world have
been suggested to be vulnerable to stress from climate change (Carpenter et al. 2008). Many, if not most,
of the species of coral in the study area would fall under that list.

Distribution of Corals
Coral communities and corals are different entities. Coral communities are assemblages of one or more
coral species at a density where individuals interact to produce a greater ecological function than
individuals. The density required to transition from an area of isolated individual corals to a coral
community is not well defined and likely to be situation-dependent. Elsewhere, working estimates of 5%
(SKM 2009) and 10% coral cover (MScience 2007) have been used.
Coral occurrence in the study area is typically limited to low relief reef structures often covered by a thin
layer of sediment. To the north of James Price Point, corals are also found along isolated patches of high
relief reef and rocky structure. Within the study area, the relative distribution of corals (Figure 3)
suggests that taxa occurring in the nearshore sites are more likely to belong to sediment tolerant genera
than those further offshore (Gilmour et al. 2007).
The distribution of coral communities from Coulomb Point to Quondong Point is described qualitatively
as very patchy and not well developed (Fry et al. 2008; SKM 2010c). The majority of coral communities
were found to the north of James Price Point within 4 km of the coastline and the -10 m depth contour,
with sparse distributions to the south (SKM 2010c) . Very little coral is found within the vicinity of James
Price Point other than a small community immediately adjacent to the shore.
The density of corals recorded from all areas noted to contain corals by both Fry et al. (2008) and SKM
(2010c) was described as trace levels (1-5% cover) with isolated individual coral colonies existing between
a mosaic of other benthic biota (algae, sessile invertebrates, seagrass). Coral communities with sparse
density (5-10% cover) were found along a small band from north of Coulomb Point to James Price Point.
Two isolated areas of medium coral cover (10-25%) were found; one in the immediate vicinity of James
Price Point and one at Quondong Point to the south.
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Figure 3. Relative abundance of coral taxa in different areas as assessed from drop video images.

Far –near the southern boundary of study area; Inner – Inside the 10m contour; Outer – seaward of the
10m contour, Other – sites from various locations in study area (see Figure 1)

Most corals seen within images collected from drop camera surveys of the mixed benthos are relatively
small. An analysis of size classes of corals undertaken at the site with the highest cover of corals within
the pilot investigations showed that the majority of corals were less than 3 years old (Figure 4). The basis
of the table linking size to age comes from a general average of a variety of published growth figures for
corals typically found in this community adjusted to reflect the relatively slow growth of recently settled
corals.
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Figure 4. Frequency of age classes estimated from coral size for corals at site GRN1. The basis of the age-size estimate is
provided below the figure.
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Effects of Dredging
Most reef-building corals rely primarily on photosynthesis for their energy requirements and light is a
limiting factor in their distribution (Anthony et al. 2004). A reduction in light availability reduces
photosynthetic potential and energy production, whilst increasing respiration and mucous production
(Anthony et al. 2004; Riegl and Branch 1995; Te 1998).
Corals may photo acclimate to reduced light through adjustments in zooxanthellae and chlorophyll-a
concentrations (Gilmour et al. 2007; Philipp and Fabricius 2003). Some corals can shift trophic modes in
an attempt to supplement their energy requirements (Anthony and Fabricius 2000).
Coral reproduction has also been found to be significantly influenced by suspended sediments. Low light
levels can lead to lower energy for reproduction (Kojis and Quinn 1984). Following spawning, gamete
fertilisation and larval survival can be significantly reduced due to high levels of turbidity (Gilmour 1999;
Humphrey et al. 2008). Survival of coral larvae pre-settlement has also been found to be significantly less
in highly turbid environments and may be the result of abrasion (Gilmour 1999). Sedimentation also
reduces the availability of suitable hard fixed substrate for coral larvae settlement and development and
can impact larval survival (Babcock and Davies 1991; Hodgson 1990a).
Sedimentation is widely considered to be the main anthropogenic cause of degradation of shallow reefs
(Fabricius et al. 2007; Rogers 1990). Sedimentation stresses corals through complete or partial burial. As a
result, corals may show a reduced photosynthetic capacity and increased respiration, together with
promotion of bacterial infection, leading to tissue necrosis and whole or partial-mortality (Gilmour et al.
2007; Hodgson 1990b; Wesseling et al. 1999).
Sediment can be removed through active (mucus production, ciliary movement) or passive (morphology,
skeletal structure) mechanisms (Stafford-Smith 1993). Active mechanisms are a short term solution as
their energy demand is high, while passive mechanisms are suited to areas of continual exposure. Corals
may also escape the impacts of sedimentation by growing on vertical faces or undersides of substrates.
Extended periods of sedimentation are likely to have a greater effect on the capacity of corals to recover
than short periods (Wesseling et al. 1999). Sediment particle size also influences removal and recovery
processes. Coarse particles are harder to remove then fine particles although fine particles with high
organic and nutrient content are more likely to cause tissue necrosis and/or mortality (Stafford-Smith
1993; Weber et al. 2006).
As energy consumption drops below energy production, corals will die. Additionally, stressed corals may
be more susceptible to the effects of disease or competition from other organisms, which will increase
rates of mortality but be hard to identify in the field as a consequence of dredging.
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Mixed Benthos - Soft Corals & Other Invertebrates

Within the study area much of the mixed benthos biomass belongs to the anthozoan order Octocorallia
which includes soft corals, sea pens, sea whips and gorgonians. Ascidians and bryozoans comprise most
of the remaining biomass of sessile invertebrates. Other taxa in this group are listed in Irvine and Keesing
(2009). The majority of these sessile invertebrates are likely to be filter feeders. While there are examples
of some level of phototrophism in most groups, none have been specifically identified here. Further
taxonomic discrimination of this fauna may identify species known elsewhere as phototrophs.
Soft Corals Present
Irvine and Keesing (2009) collected and identified 48 species from 20 genera of soft coral in the vicinity of
James Price Point (Coulomb Point to Quondong Point). Of these, only 21 could be identified to a species
level due to the high level of intra-colony and intra-species variability. Ten new range extensions from the
species collected were also identified for soft corals. A summary of the soft coral genera recorded off
James Price Point is listed in Table 3.
Table 3. Soft corals identified from epi-benthic sled samples off James Price Point (Irvine and Keesing 2009).
Biotic group
Soft Corals

Class
Anthozoa

Genera
Acabaria
Alertogorgia
Carijoa
Chromonephthea
Ctenocella
Dendronephthya
Dichotella
Echinogorgia
Euplexaura
Junceella
Lobophytum
Melithaea
Menella
Nephthea
Nephthyigorgia
Paraplexaura
Pseudopterogorgia
Rumphella
Sinularia
Subergorgia

Distribution of Soft Corals
Soft corals in the region are typically found on hard consolidated substrates covered with a thin veneer of
sediment amongst a mixed assemblage of benthic organisms (Masini et al. 2009; SKM 2010c). However,
“sparse to medium” densities of soft coral gardens were recorded in the Fry et al. (2008) towed video
survey in some areas of soft substrate.
The distribution of soft corals from Coulomb Point to Quondong Point is described qualitatively as patchy,
similar to the occurrence of the low relief reef structure in the area (Fry et al. 2008; Masini et al. 2009).
The lower littoral reefs surrounding James Price Point and nearby areas were found to have soft corals
present as part of a mixed benthic assemblage (hard corals, algae) with diversity and density increasing
with depth (SKM 2010a).
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At present there are no defined quantitative measurements of soft coral densities or cover. A number of
surveys have found soft corals with sparse to medium densities in patches of low relief reef structure and
isolated medium to dense patches of soft corals were identified off Coulomb Point (Fry et al. 2008). SKM
(2010c) calculated an average soft coral cover of less than 0.15% at each of their survey areas between
Coulomb and Quondong Points. The MScience drop camera surveys (MScience 2011) recorded a density
of 3% as the maximum reached in any area of greater than 100 m2.
Effects of Dredging
Soft coral cover can match or even exceed that of hard corals on reefs (Dinesen 1983), but less has been
published on their response to environmental pressures such as turbidity and sedimentation than for the
better studied order Scleractinia.
Soft corals range from obligate heterotrophs to obligate phototrophs, but although photosynthesis
provides the bulk of their productivity, nearly all soft corals filter organic content to sustain a positive
energy balance (Fabricius and Klumpp 1995). Increases in turbidity such as those associated with dredging
can have a significant effect on productivity through reductions in light in photosynthetic soft coral (Riegl
and Branch 1995) and interference with heterotrophic prey capture (Fabricius and De'ath 2001).
Turbidity-induced light reductions of 50% can reduce photosynthetic productivity up to 52%, while a 75%
reduction can reduce photosynthetic productivity by up to 63% (Riegl and Branch 1995). Reductions of
photosynthetic potential of this level result in a negative energy balance that, if sustained, can cause
partial or whole colony mortality.
Sedimentation is one of the main anthropogenic impacts associated with dredging activities. Soft corals
have been found to rely on passive mechanisms, such as gravity and water motion, for the removal of
sediments to a much greater degree than hard corals (Riegl 1995). Sedimentation has also been shown to
significantly depress the productivity of soft corals (Riegl and Branch 1995). The smothering of soft corals
prevents photosynthesis thus reducing their productivity. Respiration is increased through mucous
production in an attempt to shed sediment from the coral’s surface. In such circumstances mucous
production can increase from 35% to 65% of daily energy requirements (Riegl and Branch 1995) with
necrosis of smothered tissue occurring within a week and complete mortality within two weeks if
sediment cannot be removed (Riegl 1995). Grain size has been found to have no effect on removal
efficiency of soft coral or rate of mortality.

2.4

Mixed Benthos - Sponges

Sponge Species Present
Irvine and Keesing (2009) collected and identified 52 species of tropical marine sponge in the vicinity of
James Price Point (Coulomb Point to Quondong Point). Of these, 36 species belong to the class
Demospongiae which were identified to species level where possible. Remaining species were assigned to
the broad Porifera group. A summary of sponge species identified off James Price Point to date is listed in
Table 4.
No sponges within that list are assigned to species which have been described elsewhere as being
phototrophic. However, many of the genera listed here contain species which are known to be
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phototrophic elsewhere and it is highly likely that some sponges at James Price Point will be
phototrophic.

Table 4. Sponge species identified from epi-benthic sled samples off James Price Point (Irvine and Keesing 2009).
Biotic group
Sponges

Class
Demospongiae

Species
Anthotethya fromontae
Aplysinidae sp. K1
Arenosclera sp. K1
Axinella sp. K1
Axinella sp. K3
Axinella sp.K4
Axos flabelliformis
Callyspongia sp. K1
Cinachyra sp. K1
Cinachyrella? sp. K1
Ciocalypta sp. SS3
Clathria (Thalysias) abietina
Clathria (Thalysias) cf. lendenfeldi
Cymbastela cf. vespertina
Cymbastela sp. K1
Echinochalina sp. K1
Echinochalina cf. cancellatum
Echinochalina cf. clathrioides
Echinochalina clathrioides
Ectyoplasia tabula
Hippospongia sp. SS1
Luffariella sp. K1
Oceanapia cf. macrotoxa
Raspailia cf. clathrata
Raspailia cf. nuda
Reniochalina cf. stalagmites
Reniochalina sp. 1
Reniochalina sp. 2
Sarcotragus sp. SS8
Spheciospongia sp. K1
Spheciospongia sp. K2
Spheciospongia sp. K3
Thorecta sp. K1
Trikentrion flabelliforme
Xestospongia testudinaria
unidentified sponge

Sponge diversity in the vicinity of James Price Point is high. Irvine and Keesing (2009) found twice the
species diversity between Coulomb Point and Quondong Point than at any site along the Dampier
Peninsula and Gourdon Bay. Sponge diversity is expected to be higher than the 52 species found as
sampling effort was limited. When compared to similar nearshore environments to the south such as
Dampier Archipelago (275 species) diversity is low (Fromont 2003).
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Distribution of Sponges
Sponge distribution is typically limited to low relief solid substrate overlain by a thin layer of sediment
(Masini et al. 2009). Sponges were also found along isolated patches of high relief reef and rocky
structure to the north of James Price Point and in areas of fine flat sand substrate between Coulomb and
Quondong Points.
Distribution of sponges in the direct vicinity of James Price Point is limited to nearshore environments (34km) (SKM 2010c). To the north of James Price Point, sponges were distributed on the nearshore and
offshore low relief reef structures. To the south of James Price Point, sponges were found mainly in
deeper offshore waters (greater than -10m depth) with hard and soft sandy substrate (Fry et al. 2008;
Masini et al. 2009).
Sponges are common off James Price Point and the surrounding area but do not form dense
communities: benthic cover is predominantly sparse to medium (2-16%) within areas of less than 100 m2
(MScience 2011). Sponges are commonly found in mixed benthic communities that contain a diverse
range of sessile invertebrates (sea whips, gorgonians) with no exclusive sponge communities identified.
Fry et al. (2008) qualitatively identified sponge garden densities as sparse, medium and dense. Sparse
being described as one species present and dense as many sponges of various species adjacent to each
other. SKM (2010c) quantitatively identified sponge densities at James Price Point as sparse (5-10% cover)
or sparse/medium (10-25% cover). In both cases these densities were associated with low relief reef
structure to the north and south of James Price Point and fine sandy substrate in deep water to the south
of James Price Point.
Sponge gardens were found principally in mixed benthic sessile invertebrate communities on both low
relief reef and flat sandy substrate. The above reports estimate the density of sponges within sponge
gardens but do not define the size of sponge gardens in the James Price Point vicinity.

Effects of Dredging
Turbidity effects on sponges will vary with their trophic grouping.
Heterotrophic sponges
Sponges actively filter organic content, generally less than 50 µm in size, from the water column as a
food source (Reiswig 1971b). High turbidity can reduce the volume of water filtered by blocking the pores
and canals of sponges, thus reducing available energy (Carballo et al. 1996; Gerrodette and Flechsig
1979). There are currently no widely accepted threshold levels for determining effects of elevated
turbidity or suspended sediments on heterotrophic sponges. This is due largely to spatial and species
variance in susceptibility as well as variations in environmental factors. Thresholds are likely to be site
specific and relative to local water quality and sedimentation levels.
Phototrophic sponges
Increased turbidity levels affect phototrophic sponge distribution by reducing the amount of
photosynthetically active radiation available to the symbiotic algae contained within the sponge tissue
(Steindler et al. 2001; Wilkinson and Evans 1989; Wilkinson and Trott 1985). This has been established as
a major factor in determining phototrophic sponge distribution (Cheshire and Wilkinson 1991).
Phototrophic sponges are adapted to maximise photosynthetic potential through morphological
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adaptations, such flattening, which maximise light interception and surface area to volume ratio
(Wilkinson 1983).
The majority of published research focuses on sponge distribution, diversity and variance over small
spatial scales. A number of papers suggest that this variation can be a result of differences in
environmental factors, largely sedimentation, turbidity and turbulence. Sedimentation is thought to be a
key influence as it can bury sponges and affect their respiration and/or filter feeding efficiency (Bakus
1968; Gerrodette and Flechsig 1979; Rutzler et al. 2007). Sponges may also expend considerable amounts
of energy in clearing sediment from their surface, canals and orifices (Carballo et al. 1996), with sediment
size and composition influencing removal processes and potential impact (Maldonado et al. 2008).
Sponges mitigate the effects of sedimentation through a number of processes, such as;





developing morphological structures to minimise the sedimentation load: arborescent or
branching sponges dominate in environments with high sedimentation load, whilst massive or
encrusting morphologies dominate low sedimentation load environments (Bell and Barnes 2000a;
Bell and Barnes 2000b),
sponges may reinforce structurally to cope with increased load and abrasion from sedimentation
(McDonald et al. 2002); and
establishing in habitats such as overhangs, crevices, vertical and inclined surfaces to avoid
sediment loadings (Bell and Smith 2004; Zea 1993).

There are currently no widely accepted threshold levels for determining sedimentation effects on either
phototrophic or heterotrophic sponges. This is due largely to spatial and species variance in susceptibility
as well as variations in environmental factors. Thresholds are likely to be site specific and relative to local
water quality and sedimentation levels.

2.5

Mixed Benthos – Algae

Here the term ‘algae’ is used to denote macroalgae being multicellular macroscopic algae. This group
includes the fixed red-green and brown algae as well as the common turf algae. It does not include
phytoplankton or microphytobenthos.
Irvine and Keesing (2009) collected and identified 44 species from 33 genera of algae in the vicinity of
James Price Point (Coulomb Point to Quondong Point). Of these, 14 could not be identified to a species
level. A summary of the algal genera recorded off James Price Point is listed in Table 5.
Distribution of Algae
The distribution of algal assemblages is typically determined by the suitability of hard substrate between
Coulomb Point to the north and Quondong Point to the south of James Price Point. The majority of the
hard substrate within the study area is low relief with a thin veneer of sediment; however, a small section
of high relief rocky substrate was identified off Coulomb Point.
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Table 5. Algae identified from epi-benthic sled samples off James Price Point (Irvine and Keesing 2009).
Biotic group
Algae

Domain
Eukaryota

Genera
Amphiroa
Areschougia
Asteromenia
Botryocladia
Caulerpa
Champia
Chondria
Chondrophycus
Cladophoropsis
Coelarthrum
Cystoseira
Dasya
Dichotomaria
Dictyopteris
Dictyota
Digenea
Gelidiopsis
Griffithsia
Halimeda
Halymenia
Hypnea
Jania
Laurencia
Lobophora
Peyssonnelia
Polysiphonia
Sargassum
Scinaia
Sebdenia
Solieria
Spirocladia
Udotea
Unidentified coralline

To the north of James Price Point off Coulomb Point, algal assemblages were found to stretch from the
nearshore rocky intertidal to offshore low relief reef structure up until the survey boundary. Directly
north of James Price Point, algal assemblages are found typically within the 10m contour where hard
substrate occurs. Their distribution to the south runs primarily parallel to the coast on shallow low relief
hard substrate.
Algal assemblages are found directly off James Price Point from the intertidal zone to approximately the
-10m depth contour. However, no quantitative data is available on the densities of algal assemblages in
this area. Fry et al. (2008) stated that algae was the main contributor to the percentage of biohabitat
cover along the shallow coastal areas of JPP. The SKM (2010c) nearshore habitat modelling also indicated
that algae occurred throughout the area. Density estimates from this study ranged from 5 to 75% cover
and were typically made up of canopy algae with an understory of smaller algae.
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Algal assemblages were principally found in mixed benthic sessile invertebrate communities principally
on low relief reef substrate. SKM (2010c) provides estimated surface area cover of algal assemblages but
does not quantitatively define the size of algal assemblages in the James Price Point vicinity.
Effects of Dredging
The effects of turbidity and sedimentation on macroalgal assemblages have not been well studied in
comparison to other benthic primary producers such as corals and seagrass. Studies have primarily
focused on only a select number of species in the field where there are a number of uncontrolled
variables. Results from these studies do indicate that changes in turbidity and sedimentation rate can
have a significant effect on macroalgal assemblages.
Increases in sedimentation can result in mortality of macroalgae through smothering (Littler and Littler
1984) and can lead to a decline in species diversity (Seapy and Littler 1982). Belt-forming and erect algal
morphologies are thought to be more influenced by sedimentation (Airoldi and Cinelli 1997; Eriksson and
Johansson 2005) while ephemeral filamentous algae may benefit from increased sedimentation (Balata et
al. 2007; Eriksson and Johansson 2005).
Sedimentation has been identified to significantly influence the settlement, recruitment and survival of
macroalgal propagules and germlings (Airoldi and Cinelli 1997; Berger et al. 2003; Chapman et al. 2002;
Isaeus et al. 2004). The primary cause is through reductions in available substrate for settlement and
burial of propagules and germlings (Chapman et al. 2002; Isaeus et al. 2004).
Suspended sediment effects on macroalgal assemblages are poorly understood. Variation in light
penetration is known to affect the depth distribution of algal stands (Luning 1981). Thus, likely increases
in turbidity from dredging operations will affect the distribution of some algal species through reductions
in light. Increased turbidity is also likely to affect macroalgal species through abrasion (Francoeur and
Biggs 2006; Horner et al. 1990).
Compared to seagrass species, macroalgae tend to have faster growth rates and a broader range of
tolerance for many environmental drivers such as minimum light requirement. Macroalgal communities
are highly seasonal (SKM, 2010a), often forming well developed canopies in favourable seasons while
being virtually absent in unfavourable periods. As a result of that resilience, the effects of dredging on
macroalgae are commonly omitted from predictions of long term impacts.

2.6

Seagrass Habitats

Seagrass occurs within the mixed benthos habitat, but at very low density (<1%). Where seagrass occurs
at density above ~5% cover, it occurs as the dominant biota within that area. That habitat is called
seagrass bed. In some instances seagrass occurs as the sole biota on the substrate at levels of 1-2%.
Those areas are also classed as seagrass beds.
Seagrass beds are rare in the study area, compared to mixed benthos habitats and there are probably
more seagrass plants within mixed habitats than within beds. Nevertheless, seagrass within the mixed
benthos is probably nowhere dense enough to support many of the ecological functions assigned to
seagrass beds, such as providing a habitat for other fauna such as invertebrates and fish, acting as a food
resource for large grazers, or attenuating water movement and trapping sediment.
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Seagrass Species Present
The only seagrass identified in the CSIRO sled collection was Halophila decipiens (Irvine and Keesing
2009), which was collected at several locations between Coulomb and Quondong Points. In their review
of seagrass distribution in the study area, SKM (SKM 2010b) identified Halophila as the dominant genus
of the area, going on to state:
“It was not possible to determine the species present, although Halophila decipiens, H. ovalis,
H. ovate, H. minor and H. spinulosa are common in tropical north-west waters and were
assumed to be present in the study area. Other seagrass possibly observed at some sites were
Halodule univervis, Cymodocea spp. and Syringodium spp. These species were less commonly
observed and in much sparser densities compared with Halophila spp.” (p. 17, SKM 2010b)
Distribution of Seagrass
Well developed seagrass beds were found typically in areas where sediments were relatively stable with
a fine composition (Masini et al. 2009). Stable substrates were found principally between reef patches
containing mixed assemblages of filter feeders (Masini et al. 2009). Seagrasses were found primarily to
the north of James Price Point with few records of seagrass occurrence to the south. The depth
distribution of seagrass found within the drop camera surveys (MScience 2011) was strongly skewed to
the -11 to -14m depth range (Figure 5).
Fry et al. (2008) and SKM (2010c) qualitatively identified seagrass patches as sparse. Predictive modelling
undertaken by SKM (2010c) indicated that seagrass beds are likely to have a density of 1-5% cover. Masini
et al. (2009) also noted that seagrass beds in the vicinity of James Price Point are sparse with the majority
of identified seagrass beds occurring in 10-20m of water approximately 10 km north of James price Point.

Figure 5. Mean and 95% CI for seagrass cover at sites in varying depth ranges (m below AHD).
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19

MScience Report

Browse Water Quality Thresholds

Masini et al. (2009) described an episode of seasonal abundance of seagrass beds with no seagrass
evident at sites in April 2008 where they had been observed in the previous November. Seagrasses were
noted as returning to that site in June 2008, with prolific flowering plants recorded in December. A
similar trend has been noted in benthic baseline data collected via a drop camera survey with seagrass
density at survey sites declining over summer then recovering (Figure 6).

Figure 6. Seagrass abundance in sites during the drop camera survey.
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Data from MScience drop camera surveys 2010-2011 (MScience 2011b)

Data on seasonal occurrence of light within the study area presented in the next section suggest that this
summer decline in seagrass density may be the result of light limitation over summer, with recovery
occurring following restoration of sufficient light in winter. That sequence of events is yet to be
demonstrated conclusively through a time series of data collected at fixed sites throughout the year.
However, based on the DEC conclusions, the preliminary survey findings here and studies from the
literature on tropical seagrasses, it is sufficiently supported to act as a working hypothesis. This is
discussed further in the seagrass threshold discussion (Section 4.6).

Effects of Dredging
In recent years a number of Australian seagrasses meadows have declined in size due to anthropogenic
influences (Walker and McComb 1992). Dredging operations and associated impacts are a contributor to
seagrass decline, in particular through the associated increases in suspended sediment (turbidity) and
sedimentation (Erftemeijer and Lewis 2006).
Light is one of the key environmental factors that determines the growth, depth and survival of
seagrasses (Hemminga and Duarte 2000; Williams and Dennison 1990). The light requirements of
seagrasses are typically species specific with most species being able to tolerate periods of reduced light.
However, decreases in light levels for extended periods can cause significant declines in seagrass biomass
(Collier et al. 2009b; Longstaff et al. 1999). This includes a decline in above-ground biomass (leaves),
20

MScience Report

Browse Water Quality Thresholds

below-ground biomass (rhizomes) and carbon stores (energy) (Collier et al. 2009b; Longstaff and
Dennison 1999).
Seagrasses do not contain any active means of sediment rejection and are vulnerable to increases in
sedimentation. Effects of sedimentation on seagrass beds are similar to those recorded for studies of
reduced turbidity as sedimentation prevents photosynthesis (energy production). Tolerance of species to
sedimentation varies due to morphological adaptations such as leaf length as well as burial depth (Cabaço
and Santos 2007; Duarte et al. 1997; Manzanera et al. 1998).

2.7

Water Quality of these Habitats

Several programs have collected water quality data from locations in the Kimberley nearshore as part of
this and allied studies. Data used in this section are drawn from a subset of those studies which used a
consistent and integrated set of instruments deployed across the habitats of the study area. This dataset
covers the period from mid November 2009 to mid June 2011 for 4 sites only. From November 2010,
monitoring included additional parameters and 12 sites over a greater range of depths.
This section discusses background water quality in the context of light and sedimentation to provide a
point of reference for the threshold development.

Turbidity
Turbidity is a readily collected measure of the light scattering potential of water and its suspended
particulate matter. As turbidity is closely related to suspended sediment concentration (see Section 5) it
is a useful proxy for TSS which is the water quality parameter impacted most directly by dredging. Figure
7 shows the variation in turbidity across the monitoring period. Characteristics of note include:






variation in turbidity shows a strong seasonal component with the majority of the summer period
showing high levels of turbidity while winter is relatively clear: from this time series, summer may
be defined as the period December to March and winter from April to November;
median daily turbidity in summer of 2009-10 was capped at 25 NTU as that was the upper limit of
measurement for equipment deployed at that time: were this not so, it is likely that summer
medians in that year would have approached the peaks at 40-190 NTU seen in summer 2010-11;
peak turbidity levels appear to coincide with the passage of tropical lows over summer.
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Figure 7. Daily medians of turbidity measured at 4 sites in the study area between Nov 2009 and June 2011 (Y-axis is truncated
at 20 NTU, inset shows values at full scale deflection).
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Light
While turbidity exerts a profound influence on light penetration through water, the depth of water
through which light must pass to reach the seabed is equally important. Thus water quality monitoring
sites reported here have been placed into depths of <9m, 9-11m, 11-14m and >14m for categorisation of
their light regimes in this section (all depths being quoted as below AHD). With a tidal range to 11m, the
tidal phase will influence benthic irradiance to approximately the same degree as the variation in depth
of sites below chart datum.
Studies on the effect of reducing light available for photosynthesis by benthic organisms most commonly
express light either as the percentage of the irradiance striking the sea surface that reaches the benthos
(%SI) or as photosynthetic photon flux density (PPFD) measuring total light load at the benthos.
Constraints associated with the various measures are discussed in Appendix 3.
Light measured immediately above the seabed in the study area is expressed in both those measures in
Figure 8 and Figure 9. In this dataset, surface irradiance is a measure of the downward irradiance from a
2π terrestrial light meter. Some studies report surface irradiance as the downwelling light immediately
below the water surface and discount terrestrial light by a factor between 4% to 15% - here we assume
that 96% of light measured at terrestrial meters enters the water. When %SI calculated here is assessed
in terms of the frequency and duration of low light events (Table 6) it is clear that there are substantial
periods when light at the seabed is effectively zero. These extended low light events occur entirely in the
summer period.
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Table 6. Duration and frequency of very low light events during the Nov 2010 - June 2011 monitoring.

%SI
0.5%
1%

Period below that light level
Max duration (days)
N times >10d
Max duration (days)
N times >10d

<9m
15
1
15
2

9-11m
18
1
19
2

11-14m
18
2
32
2

>14m
23
2
33
3

Figure 8. The percentage of surface irradiance reaching the seabed at sites from various depth (m below AHD) ranges within
the study area during water quality monitoring.
10-2 median daily %SI (96%Terrestrial)
28%
26%
24%
22%
20%

DEPTH(m)
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>14

18%

%SI

16%
14%
12%
10%
8%
6%
4%
2%
0%
-2%
8-Dec-10
17-Jan-11
26-Feb-11
7-Apr-11
17-May-11
26-Jun-11
28-Dec-10
6-Feb-11
18-Mar-11
27-Apr-11
6-Jun-11
16-Jul-11
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Figure 9. Light measured as photons reaching the seabed at sites from various depth (m below AHD) ranges within the study
area during water quality monitoring.
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As light attenuation per unit of depth is controlled predominantly by turbidity in the study area, it is
possible to use turbidity measured as NTU, or estimated as TSS from the NTU-TSS relationship, as a proxy
for light attenuation (see Section 5 for details). Light driving photosynthesis is calculated commonly as
that falling between 1000 and 1400 hours, but as there is no reason TSS would be higher within that
period than without, the full diurnal data set has been used to generate the statistics of Table 7. Thus the
statistics of Table 7 may be used to represent the relationship between the median and the 80%ile of
light from the Nov 2009 to June 2011 baseline.

Table 7. Seasonal statistics for suspended sediment concentrations (mg/l) Nov 2009 to June 2011.

Season
Summer
Winter

Median

80th%ile

7.5
3.4

23.1
4.9
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Sedimentation
Sedimentation rates at the 12 water quality sites were estimated from the weight of settled sediment in
1000mm * 50mm PVC tubes with flared necks providing an opening of area 78.57cm2. Three traps were
deployed at each site for durations typically between 30 and 50 days (although some were as short as 12
days). The dry weight of settled sediment was converted into estimates of sedimentation rate (mg/cm2/d)
for each deployment (Figure 10).

Trap accumulation rate (mg/cm2/day)

Figure 10. Rates of sedimentation during various deployments at the 12 water quality sites.
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Missing bars denote no sample, not zero sedimentation
To yield estimates of daily rates of sedimentation for calculation of median and 80%ile statistics, the
deployment means were weighted by a factor derived from the concentration of suspended sediment,
which was estimated from 30 minute turbidity measurements. On a site by site basis, there was a strong
correlation between the mean level of suspended sediment concentration over a deployment period and
the sedimentation level.
Thus it was assumed that the ratio of sedimentation occurring in any day to the mean sedimentation for
the deployment period would be the same as the ratio of that day’s TSS to mean TSS for the deployment
period. Daily estimates of sedimentation were derived in that way for each deployment. These daily
estimates were then used to calculate 14 d rolling medians of daily sedimentation level and from them a
median and 80%ile of those 14d medians divided into summer and winter (Table 8).
Table 8. Statistics for rolling 14d medians of sedimentation (mg/cm2/d)

Season
Summer
Winter

Median
188
19

80th%ile
315
26

25
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RECEPTOR STUDIES

The following section describes the results of studies commissioned by Woodside to help derive an
empirical basis for estimates of the impact thresholds for sedimentation or light reduction on benthic
organisms occurring at James Price Point. While it is acknowledged that in each case the laboratory study
addresses only a few of the species present and does not cover more than one or two of the stress
scenarios likely to be encountered, the study results provide a valuable line of evidence to supplement
data drawn from the wider literature.

3.1

Hard Corals

As part of studies undertaken around offshore components of the Browse LNG Development, the
Australian Institute of Marine Science (AIMS) conducted a trial in 2008 of the effects of sedimentation on
two species of corals thought to be sensitive to such impacts. A full report is contained in Appendix 1.
Species Used
Two common Indo-Pacific scleractinian corals collected from Viper Reef in the Coral Sea were used in this
study. Acropora millepora and Montipora aequituberculata were chosen due to their distinctive
morphological differences. A. millepora is a branching plate coral with short uniform branches while M.
aequituberculata is an encrusting or whorl/cup forming coral.
Although neither species was identified in the list of scleractinian corals collected from the study area by
CSIRO (Irvine and Keesing 2009), both species are commonly found throughout northern Australian in
shallow reef environments. It is likely that these species are more sensitive to the impacts of elevated
suspended sediments than are any of the common corals identified in Section 2.2 (Gilmour et al. 2007).
Treatments Applied
The objective of the experiment was to expose corals to differing levels of constant turbidity and
sedimentation over a 12 week period followed by a potential four week recovery period. To achieve this,
a flow-through dosing system was designed to consistently deliver up to 100 mg/l suspended sediment
concentration (TSS). The experiment consisted of six TSS treatment concentrations, with each treatment
encompassing three replicate tanks (18 tanks total). Each treatment tank contained three fragments of
each species (54 samples per treatment).
The maximum target treatment during the experiment was 100 mg/l to simulate a concentration which
might be generated through dredging activity. In addition to this treatment, levels of 0 mg/l (control), 1
mg/l, 3 mg/l, 10 mg/l and 30 mg/l were also applied.
The fine sediments used in the sediment stock tanks (mean particle size 6.4 µm) were generated through
ceramic ball mill grinding of offshore coral-derived sand and rubble to simulate a likely sediment
composition subject to dispersion and re-suspension during dredging operations.
The actual rates of treatment achieved during the experiment were 0.19 mg/l (control), 1.31 mg/l, 3.22
mg/l, 10.8 mg/l, 29.1 mg/l and 98.2 mg/l. The sedimentation rates of each treatment were stable for the
duration of the experiment with rates of 0.43 mg/cm2/day, 1.62 mg/cm2/day, 2.76 mg/cm2/day, 8.93
mg/cm2/day, 25.0 mg/cm2/day and 82.7 mg/cm2/day respectively.
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All corals were checked visually for mortality prior to commencing the experiment and on a daily basis
throughout the experiment. Physiological and biochemical measurements were made at 0, 4, 12 and 16
weeks including partial mortality, maximum quantum yield, sediment accumulation, growth, bleaching,
lipid content and biomass.

Outcomes
The experiment found that M. aequituberculata was more affected by the treatments than A. millepora
(Table 9). Mortalities occurred in both species when deposition rates exceeded the capacity of the coral
to remove sediment.
Coral mortality from sediment deposition occurred predominantly after more than four weeks exposure.
After 12 weeks of exposure the lowest treatment concentration that recorded partial mortality in M.
aequituberculata was 2.7 mg/cm2/d with the lowest treatment concentration to record complete
mortality of a nubbin being 25.0 mg/cm2/d. In contrast, A. millepora only recorded partial mortality of
nubbins in the highest treatment tanks (82.7 mg/cm2/day) after 12 weeks; however, complete mortality
of 4% of nubbins was also recorded for this treatment at 12 weeks.
Additional physiological and biochemical measurements taken during the experiment illustrated the
differences in the capacity of coral species to tolerate increases in sediment concentrations. Sub-lethal
effects included reduced lipid content in both species at high treatment concentrations, reduced
photosynthetic yield for A. millepora and reduced Chlorophyll-a concentration in M. aequituberculata
coral tissue (Table 9).

Table 9. Lowest observed effect concentrations after 12 weeks of sediment exposure; modified from Negri et al.(2009) .
TSS
mg/l

Sediment
deposition
2

mg/cm /day

A. millepora
0.19
0.43
1.31
1.62
3.22
2.76
10.8
8.93
29.1
25.0
98.2
82.7
M. aequituberculata
0.19
0.43
1.31
1.62
3.22
2.76
10.8
8.93
29.1
25.0
98.2
82.7

Full nubbin
mortality

Partial + full
mortality

Sediment
accumulation

Photosynthetic
yield

Chlorophyll-α

%

% of colonies

% surface area

Fv/Fm live tissue

Chl α µg/cm

mg/cm

0
0
0
0
0
4

0
0
0
0
0
0

0
0
0
0
0
<4

0.708
0.710
0.708
0.698
0.687
0.698

5.61
6.98
5.52
5.80
4.96
6.18

0.302
0.355
0.314
0.302
0.260
0.261

0
0
0
0
4
59

0
0
22
33
89
100

0
0
2.4
5.8
50
95

0.622
0.619
0.621
0.629
0.647
0.673

5.41
5.41
5.93
5.49
5.34
3.89

0.339
0.337
0.410
0.343
0.323
0.219

2

Lipid
content
2

Note: Lowest observed effect concentrations after 12 weeks of sediment exposure. Green shading indicates no difference to control, red shading
indicates significant detrimental effects, blue shading indicates potential positive effects.
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Sponges

In June 2011, AIMS undertook testing of the impacts of several levels of sedimentation on two species of
sponges. A full report of the study methods and results is at Appendix 2.
Species Used
Carteriospongia sp. is a cup-forming species of a common and widespread sponge genus occurring across
the entire Australian north coast. Although not specifically identified in the list of sponges collected from
the study area by CSIRO (Irvine and Keesing 2009), this or similar species in the same family of sponges is
likely to occur at James Price Point. Observations of images of the area’s benthos show that cup-shaped
foliaceous sponges occur commonly within the area (MScience data).
Stylissa sp. is a flabellate sponge with a morphology similar to that seen in many of the sponges occurring
in the study area. Irvine and Keesing (2009) record the presence of several unidentified species of
Axinella from the study area and it has been suggested that the species of Stylissa used in tests here is
likely to be conspecific to one of those (AIMS – Appendix 2).
Treatments Applied
Sponges were established in 55L Perspex tanks with throughflow of filtered seawater and preliminary
tests verified that they could survive for several weeks without appreciable mortality. Four different
treatments for sedimentation were applied by adding sediment laden water into tanks at varying
concentrations. Treatments were:



Acute: 4d exposure to a high sedimentation level followed by two weeks recovery; and
Chronic: 14d exposure followed by two weeks recovery, with exposure at high, moderate and low
sedimentation levels.

Both the 4d and the 14d trials included Control treatments where sponges in the same tanks received
only filtered seawater.
Sedimentation rates were to be constant throughout the experiment, being maintained by 9 second
pulses of sediment laden water entering the tank at set intervals. Target rates for sedimentation
treatments were set relative to the daily sedimentation rates estimated from background data (Section
2.7). High was to be 700 mg/cm2/d, Medium 400 mg/cm2/d and Low 200 mg/cm2/d. Flow rates and
sedimentation pulses were derived experimentally to deliver these rates in trials using tanks without
sponges or any surfaces which allowed sedimentation.
During actual experiments, the presence of sponges in tanks resulted in the removal of sediment from
the water column to a degree where the pulsing of sediment laden water could no longer sustain levels of
suspended sediment concentration required to yield target rates of sedimentation. Thus actual rates of
sedimentation varied between tanks and over time such that mean sedimentation rates in the treatments
were Low – 61 mg/cm2/d, Medium - 369 mg/cm2/d and High - 624 mg/cm2/d in the 14d experiment. In
the 4d experiment, a mean rate of 165 mg/cm2/d was achieved.
The response of sponges was assessed as the average percentage of sponge tissue dying. Tissue mortality
was identified by signs of necrosis, including colour changes.
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Outcomes
The acute (4d) application of sedimentation at a mean rate of 165 mg/cm2/d did not produce a significant
change in partial mortality of either sponge species above that of the control treatment. However, over
the 14d period following the cessation of sediment addition, the percentage mortality of both species of
sponges was higher in the treatment group than the control group, such that sponges which had received
the added sediment showed 5-10% more mortality than those which had no sediment.
Within the chronic (14d) duration experiment, the proportion of sponge tissue dying showed a direct
relationship to the level of sedimentation. However, after a 14d recovery period, no significant impact of
sedimentation was detected on percent mortality of sponge tissue. Using data at the completion of the
impact phase, AIMS suggested there may a logistic relationship between increasing sedimentation levels
and increasing amounts of partial mortality. In quantifying that relationship from the 14d experimental
data, it was suggested that a 30% increment in mortality might require an increment of 160 mg/cm2/d in
sedimentation over a 14d period.
The propensity for sediments to settle and remain on sponges was strongly related to the morphology of
the sponge. Vertical surfaces of sponges retained minimal sediment, while in the same tank, sponges
presenting horizontal surfaces or enclosed cup shapes, accumulated sediment to a depth of over 1cm.
Sponges with vertical surfaces were also able to clear accumulated sediment by shedding an outer layer
of mucus and cells, presumably allowing gravity to clear that layer and its accumulated sediment, while
this mechanism was not seen on horizontal surfaces.

3.3

Seagrass

To evaluate the impacts of scenarios that might occur under dredging conditions, two species of seagrass
were subject to experimental treatments that either reduced or eliminated incident light for an extended
period. A full report on the experiment undertaken by the Oceans Institute of the University of Western
Australia is attached as Appendix 3.
Species Used
Individuals of Halophila ovalis and Heterozostera tasmanica were collected from Quinns Rocks, Western
Australia (approx 31.5°S) and acclimatised to tanks with less than 0.5m of flowing seawater in a partially
shaded location. H. ovalis occurs within the study area, where species of Halophila dominate the
seagrass flora. Heterozostera tasmanica does not occur in the study area and was used as a comparison
for methodological purposes.

Treatments Applied
Following stabilization of seagrass in tanks held in muted sunlight, tanks were transferred into an
internal experimental facility where they were acclimated for 2 weeks at 200 uE PAR/m2/s with lighting
supplied from an artificial source. Treatments with 3 replicate tanks each, were established at 200, 40
and 0 uE PAR/m2/s (complete darkness). Based on mean surface irradiance measured at terrestrial
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stations adjacent to the study area, these levels would represent approximately 12-15%, 2-3% and 0% of
Surface Irradiance (Section 2.7).
Numbers of shoots and leaves per tray and photosynthetic activity of the leaves were measured every 3
days. Apical shoots (growing tips of seagrass rhizomes) were tagged by placing a tooth pick in the
sediment in line with the apex so that rhizome growth could be measured. The full range of seagrass
responses measured is listed in Table 10.

Table 10. Seagrass health parameters measured during light reduction experiments.

Plant Response
Survival
Growth

Morphology

Variables
Living plant material
Shoot production
Rhizome elongation
Biomass (Leaves, rhizomes, roots)
Leaf area
Leaf length and width

Physiology
rhizome storage Carbohydrates
photosynthetic activity Maximum photosynthetic rate
Saturating and compensatory irradiance
Photosynthetic efficiency (Fv/Fm)
Non-photochemical efficiency (stress)
chlorophyll Chlorophyll content
Ratio between Chlorophyll a & b

Outcomes
Halophila ovalis was more sensitive to light deprivation than Heterozostera tasmanica and the following
discussion refers to H. ovalis alone. After 3 days of shading, the photosynthetic capacity of plants held in
the 40 and 0 uE PAR/m2/s treatments was depressed well below that of the 200 uE PAR/m2/s treatment.
After 15 days of shading at these levels, there was a significant decline in shoot density and a breakdown
of the photochemical processes.
Following 30 days of shading, all leaves were lost from the zero light treatment and shoot density was
zero. Living plant material remained in roots and rhizomes at that time. In the 40 uE PAR/m2/s treatment,
leaf and shoot density were significantly below that of plants in the 200 uE PAR/m2/s treatment,
however, shoot production had stopped at that time.
After 3 weeks of exposure to increased levels of light at the end of shading treatments, plants from both
treatment levels showed no new shoot production suggesting that recovery may not occur.
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PROPOSED IMPACT THRESHOLDS
Threshold Development

The following section considers how the indirect impacts of a dredging program might act on the mixed
benthic communities and seagrass communities of the study area. Impact mechanisms and thresholds
are examined using the scheme proposed in the EPA Environmental Assessment Guidance 7 (EPA 2011).
Thresholds are developed here for use in interrogating the outputs of a model to predict where impacts
may occur. They are not necessarily suited to use as water quality triggers for operational management of
dredging and would require considerable adaptation to make them relevant and functional in that regard.
Consistent with the EPA EAG 7, thresholds were developed to indicate:

Zone of Influence – an area within which discernible changes in water quality occur which are outside
natural ranges expected but without detectible effects on benthic biota or their habitats;
Zone of Moderate Impact – an area within which sub-lethal effects on significant benthic biota or
mortality of organisms with short generation times1 would be predicted, but would not persist in the long
term beyond 5 years;
Zone of High Impact – the area around the proposed dredging and dumping sites where indirect
impacts are predicted to be severe and irreversible (longer than 5 years).
EAG7 suggests that where there is uncertainty in predicting impacts, thresholds are developed in a worstmid-best case framework to allow an indication of the degree to which potential impacts may exceed the
central case prediction. This implies a set of thresholds using a similar stress-response mechanism with
increasing levels of stress resulting in increasing predictions of impact. As will be seen from the following
discussion, uncertainty in selecting what stress-response mechanism(s) may act here (e.g. a light
reduction impact versus a sedimentation impact) provides a potentially greater source of uncertainty
than altering the degree of stress. In this situation, alignment with the intent of EAG7 to show a potential
range of possible impact sizes is delivered by using a variety of thresholds based on candidate stressresponse models. In this context ‘best’ refers to an outcome where biota are resilient to impact and
‘worst’ where they are more sensitive to a lesser impact.

4.2

Thresholds and Ecological Responses

A threshold represents a value of a stress parameter at which a target response shifts from one state to
another. Where that dose-response relationship has a continuum rather than a shift in state (Figure 11A
vs B) there is no strict threshold and one must be produced by adapting the definition of the response
term to produce a two-state response (i.e. the response changes over a relatively small range of the dose,
with larger ranges before where it does not occur and after, where it does). An LD50 is one example of a
critical response commonly used to transform Figure 11B into Figure 11A.
An LD50 response threshold is relevant to a population or species, but not to a benthic community.
Woodwell (1974) and Cairns (1992) both discuss the conceptual and practical problems in transferring the
1

While the definition of this zone in draft EAG7 lists only sub-lethal effects, short-lived mortality events which are
reversible within 5 years clearly fit within the stated intent of that zone.
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threshold concept from its relatively straightforward application in a single species to its application to an
ecosystem or community level. Cairns (1986) demonstrates that application of a threshold approach to
communities is not simply a matter of taking the LD50 of the most sensitive species, due to organisms
responding to different stress types and the complexity of multispecies interactions in supporting
ecosystem-level processes.

Figure 11. Two dose-response curves in which A has a threshold, but B does not.

B

Dose

Dose

Response

A

In the present case, the dose axis of the threshold relationship will be expressed in terms of the intensity,
duration and frequency of some factor relating to the suspension of sediments by dredging. Before
proceeding to quantify that, it is necessary to determine what the response axis should measure in terms
of EAG 3 & 7. EAG 3 (EPA 2009) is directed towards an evaluation of the risk to the ecological integrity2 of
a marine ecosystem from the loss or serious damage to benthic primary producer habitats. The guideline
defines these habitats as both the physical habitat and the benthic primary producers occupying that
habitat.
In determining thresholds for water quality effects, this paper considers only indirect loss. Direct loss,
which is associated with the physical impacts of the actual dredging and disposal is addressed elsewhere.
The guideline equates indirect loss with serious damage and defines damage as “Significant alteration
to the structure or function of a community or habitat. Damage is considered serious if the timeframe
for full recovery is expected to be longer than 5 years. “
The response parameter used to indicate a High Impact then is the probability that significant alteration
to the structure or function of a community or habitat will occur such that it is not reversed within 5 years
of occurrence. At present, understanding of the ecological function of the components of the mixed
benthic community in the study area is speculative at best and any attempt to define a threshold based
on these processes would be pure guesswork. At a gross level, ecosystem function will depend on the
structure of the biotic community. Thus the response parameter used here relates to community
structure and is driven by loss of community members.
Definition of what might constitute a Moderate Impact is more difficult. The concept of a recoverable
(within 5 years) impact includes a variety of effects from sublethal (e.g. changes in physiology) to the loss
of individuals through mortality. In the latter, that mortality may either be of little consequence for the
2

Terms in italics are drawn directly from EAG3
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ecological function of the community or may be recovered through the growth of other individuals or
new recruitment within 5 years. Identifying key responses for defining what is a Moderate versus a High
Impact needs to consider each community type separately.
Seagrass
A primary function of the seagrass habitat is likely to be in providing a direct food source to grazers like
dugongs and turtles and potentially an indirect source of nutrition to detritivores. Damage would thus
include loss of biomass as well as mortality of plants. These require recolonisation by vegetative
reproduction where some of the original plants remain or by colonisation from seeds where all plants are
lost. For ephemeral seagrasses like Halophila ovalis or H. decipiens, rapid regrowth from seed or
vegetation remnants following light deprivation (Longstaff and Dennison 1999) should provide recovery
times of significantly less than 5 years.
The response parameter used here to derive a threshold at the Moderate Impact level for seagrass is the
loss of seagrass biomass or plants (mortality) set at greater than 50% loss which is recoverable within 5
years. Given the relatively rudimentary state of knowledge of seagrass ecology in the study area and the
degree to which grazers may utilise these beds, establishing the level of temporary loss that represents a
significant yet recoverable change is highly speculative. A level of 50% has been chosen arbitrarily here to
represent a material impact to either the plant community or its grazers.
Longstaff et al. (1999) demonstrate that while metabolic decline in Halophila ovalis is more rapid than is
recovery, plant biomass stabilises within 18 days of recovery from a period of 15 days of light loss and
sugars return towards pre-stress levels. Over that 15 day period more than 50% of plant biomass was
lost.
A High Impact response for seagrass would be where seagrasses are lost from an area for more than 5
years. For ephemeral species like Halophila, such an impact would occur where the substrate type was
altered such that seagrass could not grow for longer than 5 years, or where recruitment was blocked
after a disturbance event. The latter might occur by one or more failures of seed set or by destruction of
a seed bank. In the exposed coastal nearshore of the study area, there is negligible probability that
dredging will reduce the light regime to a level below that able to support seagrass for 5 years (outside
the direct footprint of deepened areas).

Mixed Benthos
Within the mixed benthos habitat, biotic communities probably provide both a primary productivity and a
structural shelter function. While the habitat’s primary producers (plants, hard corals, some soft corals
and some sponges) will be of greatest importance to carbon fixation, other groups may also drive key
ecological processes. At present, lack of detailed understanding of what controls ecological processes in
these systems restricts consideration of impacts to loss of community members (mortality). As argued in
the Strategic Assessment Report (DSD 2010) macroalgae and sparse seagrass of the mixed benthos are
likely to recover quickly from any dredging impact and are not considered. Only the most abundant of the
other biotic components of the habitat which provide a primary production and physical complexity
function are considered further here – these being hard corals and sponges.
The Moderate Impact response is considered as the death of some of the more sensitive species within
these communities, such that ecological functions do not disappear, but may be temporarily suppressed,
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for less than 5 years. Recovery of equivalent function (productivity or structure), if not biodiversity, would
occur within 5 years.
High Impact responses would be those that prevent recovery of the mixed benthos community within 5
years and might include:
 alteration of the physical habitat (substrate or water quality) such that recovery of viable mixed
benthos communities does not occur within 5 years;
 a sufficiently large component of the community is removed so as to require longer than 5 years
to replace ecological function; or
 a component of the mixed benthos that takes longer than 5 years to recover to its pre-impact
state, and is an essential component of the mixed benthos community, is lost.

4.3

Dredging Thresholds

Many thresholds are derived from ecological gradients, however dredging impacts will be short-lived
compared to the generation time of the majority of sensitive receptors. The effects of pressures along
gradients will be different to that during dredging as in the former the pressure operates throughout the
entire life and life cycle of organisms, while in the latter, there is less capacity for individuals to adapt or
acclimate to the pressure. Preferably, thresholds should be derived from studies of pulse impacts rather
than ecological gradients.
Discussion of the effects of sedimentation and light reduction on benthos (Sections 2.0 and 3.0) shows
that it is common for benthic organisms to acclimate such that they can tolerate increased doses of stress
before reaching a specific response state. For light at least, the James Price Point benthos exists across a
gradient of pressure and benthos from different depths will have a different tolerance to light reduction.
Setting a threshold when receptors can acclimate/adapt to different levels of background stress presents
several theoretical options. A threshold could be set as:




a ‘not to be exceeded’ limit in absolute units: e.g. light must be above 1 mol/m2/d PAR, or >x%SI;
a change from existing levels in absolute units; e.g. light levels must not decline by greater than 1
mol/m2/d or x% SI; or
a permissible percent change in existing levels of the parameter; e.g. total PAR >50% background.

Here, thresholds are set as incremental effects of dredging. This is accomplished by first developing an
absolute threshold and then subtracting an estimate of a general background contribution estimated
from the baseline water quality data set.
Collier et al (2009a) suggest that for one species of seagrass at least, the minimum light requirement is
not altered by adaptation to the historical light regime. On that basis, the thresholds used here for
seagrass are the same at any depth. As there is no information on the degree to which depth-related
adaptations may have resulted in differential sensitivities for the mixed benthos, thresholds for that
group are also applied uniformly over depth. However, for both seagrass and the mixed benthos, a depth
limitation has been applied to threshold impacts to reflect depths below which either seagrass (-20m) or
corals (-14m) are effectively absent in the pre-dredging environment. These depths have been drawn
from results of surveys discussed in Section 2.
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The primary impact of dredging is to suspend sediments in the water column. These sediments may be
transported directly in suspension to receptor communities, or may add to the amount of sediment that
is routinely resuspended by water energy adjacent to receptor communities. This raises total suspended
sediment concentration (TSS) in water around receptors and subsequently increases the rate of
sedimentation on receptors. The impact pathways of those two effects are predominantly concerned
with energy balance. For further information on these effects, refer to Sections 2.0 and 3.0 and see
references listed within Riegl and Branch (1995), Stafford-Smith (1993) and Gilmour et al. (2007). Impact
severity will be a function of the intensity, duration and frequency of the impacting process. The
discussion below attempts to develop a basis for what duration of impact should be considered with
intensity levels (of TSS and sedimentation) likely to occur around dredging.
The capacity of suspended sediments to cause impacts through tissue abrasion is not well documented.
Further, that effect is caused principally by larger particle sizes, which will generally settle very close to
their point of uplift from dredging. Interference with feeding and nutrient intake has been examined in
detailed experiments, but results are often equivocal with different sediment types acting as either a
constraint or a source of food (Anthony 1999; Anthony and Fabricius 2000; Weber et al. 2006). As a
result, this document concentrates on the capacity of elevated TSS to attenuate light as its principal
impact on seagrasses, corals and phototrophic sponges.
Sedimentation acts as both an energy cost, where organisms actively remove sediment and an inhibitor
of metabolic processes sustaining tissue health. Studies examining the effects of elevated sedimentation
on corals report tissue necrosis as the most common cause of mortality (Gilmour et al. 2007; Negri et al.
2009; Philipp and Fabricius 2003). Processes associated with the physical smothering of small parts of
coral tissue produce tissue mortality considerably more rapidly than processes which lead to negative
energy balance. Based on records in the literature, we have assumed that tissue mortality from sediment
cover will occur within days (Philipp and Fabricius 2003), although see Rice and Hunter (1992) for an
opposing view, while mortality from energy deprivation will require weeks to months (Cooper et al.
2007). Sublethal (physiological) impacts may be much more rapid in both cases (Negri et al. 2009; Weber
et al. 2006). Thus for corals and sponges, mean sedimentation rate over a period has been used as the
primary impacting event.
Table 11. Impact pathways for the primary indirect effects of dredging.

Effect

Impact Pathway on Benthic Communities
Physical abrasion of soft tissues by particles may cause tissue loss or injury
Increase in light attenuation may reduce energy production in phototropic benthos
Elevated TSS

Reduction in intake of nutrients by heterotrophs caused by dilution of organic with
non-organic particulates*, or physical interference with particle capture
mechanisms, lowers energy production
Increased use of energy to remove particles
Decreased capacity to feed or photosynthesise

Increased sedimentation

Smothering causing tissue necrosis through constrained respiration
Physical refuge provided for invasive species such as algae to grow over coral

* although in some cases these may be organic
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4.3.1 Recent Thresholds
Recent dredging programs undergoing environmental impact assessment in Western Australia have
typically employed frequency-intensity-duration (F-I-D) thresholds to manage impacts on benthic primary
producers. Tables 12 to 14 are thresholds from Cape Lambert Port B, Gorgon and Wheatstone Projects in
the Pilbara while Table 15 lists the thresholds contained in the Strategic Assessment Report.
Table 12. Water quality impact thresholds for the Cape Lambert Port B Development.

Factor
Turbidity
(NTU)

Sedimentation
(mg/cm2/day)

Zone
Inshore Zone of Impact

Maximum average
over 24 hours
89.4

Maximum average
over 7 days
51.4

Maximum average
over 14 days
37.8

Offshore Zone of impact

33.6

19.0

13.8

Inshore Zone of Influence

7.3

7.3

7.3

Offshore Zone of Influence

4.5

4.5

4.5

Theoretical detection (TSS)

1 mg/l

1 mg/l

1 mg/l

Inshore Zone of Impact

103.1

85.9

59.2

Offshore Zone of Impact

19.0

15.8

11.7

Zone of Influence

17.4

17.4

17.4

Source: SKM (Negri et al. 2009)
Table 13. Water quality impact thresholds proposed for the Gorgon Development (values quoted without background).

Zone 1: Zone of high Impact
Variable
TSS

Sedimentation

Timeframe

Concentration

Time (cumulative days)

Short

≥25 mg/l

5 in 15

Medium

≥10 mg/l

20 in 60

Long

≥5 mg/l

Daily
Short
Medium
Long

≥100 mg/cm /d

1

2

5 in 15

2

20 in 60

≥25 mg/cm /d
≥10 mg/cm /d
2

≥5 mg/cm /d

40 in 120

≥25 mg/l

2 in 6

Medium

≥10 mg/l

7 in 21

Long

≥5 mg/l

Zone 2: Zone of moderate Impact
TSS
Short

Sedimentation

80 in 240
2

20 in 60
2

Daily

≥50 mg/cm /d

1

Short

≥25 mg/cm2/d

2 in 6

Medium
Long

2

≥10 mg/cm /d
2

7 in 21

≥5 mg/cm /d

20 in 60

≥2 mg/l

1

Zone 3: Zone of Visibility (Influence)
TSS
Sedimentation

Any
Any

2

≥1 mg/cm /d

1

Source: GEMS (2008)
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Table 14. Water quality thresholds for the Wheatstone Project; levels are above background.

Coral Thresholds
Offshore waters (beyond 5m isobath), and nearshore waters (within 5m isobath) during transitional periods only
Zone
Suspended Sediment
Sedimentation
2
Zone of Total Mortality > 25 mg/l for more than 10% of the time; OR
> 0.2 kg/m /day (> 7 mm/14 day)
> 10 mg/l for more than 25% of the time
Zone
of
Partial > 25 mg/l for 2.5-10% of the time; OR
0.05-0.2 kg/m2/day (1.7-7 mm/14 day)
Mortality
> 10 mg/l for 10-25% of the time; OR
> 5 mg/l for more than 25% of the time
Zone of Influence
> 25 mg/l for 0.5–2.5% of the time; OR
0.01-0.05 kg/m2/day (0.3-1.7 mm/14 day)
> 10 mg/l for 0.5-10% of the time; OR
> 5 mg/l for 2.5-25% of the time
No Impact
> 25 mg/l for less than 0.5% of the time; OR
< 0.01 kg/m2/day (< 0.3 mm/14 day)
> 10 mg/l for less than 0.5% of the time; OR
> 5 mg/l for less than 2.5% of the time
Nearshore waters (within 5m isobath) during summer and winter only
Zone
Suspended Sediment
Sedimentation
Zone of Total Mortality > 25 mg/l for more than 20% of the time
> 0.5 kg/m2/day (> 17.5 mm/14 day)
2
Zone
of
Partial > 25 mg/l for 5-20% of the time; OR
0.1-0.5 kg/m /day (3.5-17.5 mm/14 day)
Mortality
> 10 mg/l for more than 20% of the time; OR
> 5 mg/l for more than 50% of the time; OR
Zone of Influence
> 25 mg/l for 1-5% of the time; OR
0.025-0.1 kg/m2/day (0.9-3.5 mm/14 day)
> 10 mg/l for 1-20% of the time; OR
> 5 mg/l for 5-50% of the time
No Impact
> 25 mg/l for less than 1% of the time; OR
< 0.025 kg/m2/day (< 0.9 mm/14 day)
> 10 mg/l for less than 1% of the time; OR
> 5 mg/l for less than 5% of the time

Seagrass Thresholds
Offshore waters (beyond 5m isobath), and nearshore waters (within 5m isobath) during transitional periods only
Zone
Suspended Sediment
Sedimentation
Zone of Total Mortality > 25 mg/l for more than 25% of the time; OR
> 0.7 kg/m2/day (> 25 mm/14 day)
> 10 mg/l for more than 50% of the time
Zone
of
Partial > 25 mg/l for 2.5-25% of the time; OR
0.2-0.7 kg/m2/day (7-25 mm/14 day)
Mortality
> 10 mg/l for 10-50% of the time; OR
> 5 mg/l for more than 25% of the time
Zone of Influence
> 25 mg/l for 0.5–2.5% of the time; OR
0.03-0.2 kg/m2/day (1-7 mm/14 day)
> 10 mg/l for 0.5-10% of the time; OR
> 5 mg/l for 2.5-25% of the time
2
No Impact
> 25 mg/l for less than 0.5% of the time; OR
< 0.03 kg/m /day (< 1 mm/14 day)
> 10 mg/l for less than 0.5% of the time; OR
> 5 mg/l for less than 2.5% of the time
Nearshore waters (within 5m isobath) during summer and winter only
Zone
Suspended Sediment
Sedimentation
2
Zone of Total Mortality > 25 mg/l for more than 50% of the time
> 1 kg/m /day (> 35 mm/14 day)
Zone
of
Partial > 25 mg/l for 5-50% of the time; OR
0.3-1 kg/m2/day (10-35 mm/14 day)
Mortality
> 10 mg/l for more than 20% of the time
Zone of Influence
> 25 mg/l for 1-5% of the time; OR
0.04-3 kg/m2/day (1.5-10 mm/14 day)
> 10 mg/l for 1-20% of the time; OR
> 5 mg/l for more than 5% of the time
No Impact
> 25 mg/l for less than 1% of the time; OR
< 0.04 kg/m2/day (< 1.5 mm/14 day)
> 10 mg/l for less than 1% of the time; OR
> 5 mg/l for less than 5% of the time
Source: DHI (2010)
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Table 15. Impact thresholds for corals and sponges off James Price Point proposed in DSD (2010).

Zone of High Impact
Threshold for:
Seagrass - light

Impact type
Zone of Moderate
Impact
Chronic: Mean daily %SI
< 12% for 15d

Zone of Influence

Not set
Acute: Mean daily %SI <
3% for 3d
Corals/Sponges:
Sedimentation

Any 84 day rolling period
where the sum of
gross sedimentation is >
7056 mg/cm2

Median over 4 weeks
>30mg/cm2/d
above background

Not set

Any 56 days in a 64 day
period where
mean daily PAR - 25%
relative to natural
levels

Corals/Sponges:
Light

Water quality –
suspended
sediment

TSS from dredging alone
>5 mg/l for 5% of the
modelled period

Source:DSD (2010)

Comparison of the contents of these various tables demonstrates the lack of consistency in the way many
thresholds have been developed. Some are based heavily on historical water quality data in the project
area, while others rely on experience elsewhere. In general, there is no agreed method by which
thresholds are developed.

4.4

Thresholds: Zone of Influence

The Strategic Assessment Report defined the Zone of Influence as an area in which spatially restricted
plumes would occur at times and be visibly discernible from background, but would not be sufficiently
intense or persistent as to impact the biota. That definition, which used a threshold of 5mg/l from
dredging for 5% of the modelled period, remains valid and is adopted here. Several thresholds developed
using other rationales are provided here in addition to that definition for comparative purposes.
Defining a threshold to indicate the Zone of Influence is best addressed by application of the
ANZECC/ARMCANZ water quality guidelines developed as part of Australia’s national water quality
management strategy (ANZECC & ARMCANZ 2000). These guidelines suggest that water quality
conditions outside of the 20-80%ile range of values seen over the long term might cause stress to an
aquatic system. Thus short-term exceedences of this range for sediment-related water quality
parameters may be used to indicate a perturbation, but one unlikely to lead to serious consequences.
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Thresholds are developed here for both sedimentation and light attenuation based on that definition.
Calculations to convert from NTU to TSS or from TSS to KdPAR3 for threshold application were undertaken
using the following equations:
KdPAR = -ln(PAR at benthos/PAR at surface)/depth (Kirk 1994)
KdPAR = 0.015 TSS (Section 5)
TSS(mg/l) = 2.14 + 1.17NTU (Section 5)

Within the Strategic Assessment Report for the Browse LNG Precinct (DSD 2010), a Zone of Influence was
defined as >5mg/l for 5% of the modelled period on the practical consideration that values of elevated
TSS predicted below that threshold were subject to considerable uncertainty in the model. Given that the
threshold suggested below is considerably below that level, it may be more practical to use the existing
threshold to recognise the limitations of model predictions.
Sedimentation:
Narrative
The median sedimentation predicted for a 14d period is not to exceed the 80th%ile of 14d rolling medians
of sedimentation calculated for either summer or winter in the baseline data set. Sedimentation here and
in other thresholds refers to the amount of sedimentation added by the dredging activities without
allowance for any re-suspension.
Calculation
The actual threshold will be the difference between the summer or winter median and 80%ile of the 14d
rolling median of daily sedimentation (expressed as mg/cm2/d) calculated from the Nov 2010 to June
2011 data set (Table 16). In practice, interrogation of the sediment dispersion model would calculate this
as the median of 14 values, each estimated to be the amount of sediment settling each day without
resuspension.
2

Table 16. Median and 80%ile of sedimentation winter and summer (mg/cm /d).

Season
Summer
Winter

Median
188
19

80th%ile
314
26

Summer threshold = 14d median sedimentation exceeds 126 mg/cm2/d
Winter threshold = 14d median sedimentation exceeds 7 mg/cm2/d

3

Attenuation coefficient for downwelling light (Kirk, 1994)
39

MScience Report

Browse Water Quality Thresholds

Light attenuation:
Assumption: Light attenuation is driven principally by depth (tide) and turbidity at any site. Assuming that
the turbidity–light attenuation relationship is linear, we use turbidity as a direct proxy for light
attenuation.
Narrative
The median light attenuation of the water column over a 14d period exceeds the 80%ile of turbidity for
either summer or winter in the baseline data set.

Calculation
The actual threshold will be the difference between the baseline median and 80%ile of daily median
turbidity (expressed as NTU), converted to TSS – for summer or winter as calculated from the Nov 2009 –
June 2011 data set (Table 17). Incremental TSS is used here to denote the suspended sediment caused by
the dredging activity above any background level. In practice, interrogation of the sediment model would
calculate a daily median TSS for each calendar day and then calculate a rolling median using 14 daily
medians.

Table 17. Statistics for daily medians of turbidity (mg/l).

Season
Summer
Winter

Median

80th%ile

7.5
3.4

23.1
4.9

Summer threshold = 14d median of incremental TSS exceeds 15.6 mg/l
Winter threshold = 14d median of incremental TSS exceeds 1.5 mg/l

4.5

Thresholds: Mixed Benthic Communities

Tables 18 and 19 list some contextual information on the sensitivity of corals to impacts relative to
thresholds to be set here, while Tables 20 to 22 do the same for sponges.
Thresholds for corals and sponges have been set here using the results of the experimental studies in
Section 3 contrasted with the background water quality. Some additional context has been drawn from
the tables above and experience with monitoring within a zone of predicted coral mortality for the Pluto
LNG Project in Mermaid Sound in Western Australia’s Pilbara Region (MScience 2010).
Assumption: Load is important, so sedimentation thresholds use the mean of sediment loads rather than
medians.
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Assumption: Sedimentation thresholds should be applied without seasonality. Background sediment
loads are much higher in summer than in winter. However, there is no basis to determine whether adding
sediment to a high background in summer is better or worse than adding sediment to a low background
in winter, when organisms may have less capacity to deal with sedimentation. Thus a single threshold is
applied throughout the year.
Assumption: Light thresholds are not relevant for the summer period. There is little light at depths below
10m over the entire summer period (December through March) due to high turbidity, with virtually zero
light for long periods (Section 2.7). So the winter period alone requires a threshold for light.

Table 18. Known turbidity effects on coral health from literature.
Author
Te (1998)

Gilmour (1999)

Levels
Effect of turbidity on
photosynthetic
production
-1
0, 50, 100 mg L

Te (1992)

0, 10, 100, 1000 mg L

Negri et al. (2009)

0, 1, 3, 10, 30, 100 mg L

-1

Acropora digitifera
Pocillopora damicornis

-

1

Coral Species
Montipora verrucosa

Montipora
aequituberculata,
Acropora millepora

Result
-1
8 mg L reduced photosynthetic production by
30%; whilst 20mg/l would cause negative energy
production (respiration exceeds production).
-1
50 and 100mg L significantly decreased
fertilisation, larval survival and settlement.
No difference in settlement rates, however 100
and 1000 mg/l had a number of planulae
undergo
reverse
metamorphosis.
Most
settlement occurred on edge of containers.
-1
M. aequituberculata partial mortality at 3 mg L ,
-1
whole mortality at 30 mg L after 12 weeks. Lipid
content and chlorophyll a decreased at 100 mg L
1
.
-1
A. millepora no necrosis at 30 mg L , whole
-1
mortality at 100 mg L after 12 weeks. Lipid
-1
content decreased at 30 mg L while chlorophyll
a increased over time and in both low and high
treatments.
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Table 19. Known sedimentation effects on coral health from literature.
Author
Wesseling
(1999)

et

al.

Levels
Complete burial at 2m
for 0, 6, 20, 68 hours
and at 5m for 20 hours

-2

Philipp & Fabricius
(2003)
Stafford-Smith (1993)

About 200 mg cm

Hodgson (1990a)

0, 50, 90, 95, 100%
sediment cover

Babcock
(1991)

1, 3, 6, 100-325 mg cm
-1
d

&

Davies

12 common coastal
coral species
22 species of Australian
scleractinian corals

-2

200 mg cm

2

-2

Coral Species
Acropora,
Porites,
Galaxea and Heliopora

Philipp & Fabricius
(2003)

79-234 mg cm
hours

0-36

Negri et al. (2009)

0.4, 1.6, 2.8, 8.9, 25,
-2 -1
82.7 mg cm d

Pocillopora damicornis

Acropora Millepora

Montipora peltiformis

Montipora
aequituberculata,
Acropora millepora

Result
Increasing burial time increased effect. At 2m, 20
hours resulted in discolouration and 3 weeks for
complete recover. 68 hours caused 90% tissue
bleach followed by 50% tissue loss, recovery
after 4 weeks. At 5m burial all Acropora died
other taxa showed similar results to 2m burial.
9 out of 12 species had significantly reduced
effective quantum yields after 22 hours of cover.
Most species cleared sediment within 2 days,
those that took longer showed signs of
discolouration once sediment was cleared.
Sediment-rejection efficiency and sediment
tolerance are not directly related. Sediment
rejection faster for fine sediments.
50 to 90% sediment cover reduced settlement by
80-90%, whilst 95 to 100% cover prevented
settlement.
No reduction in number of larvae that settled,
however increasing sediment caused larvae to
settle more on vertical surfaces then on exposed
surfaces.
Quantum yield declined linearly for both amount
and duration of sediment cover. Long periods of
exposure and high sedimentation loads killed
only the tissue covered.
M. aequituberculata partial mortality at 2.7 mg
-2 -1
-2 -1
cm d , whole mortality at 25 mg cm d after
12 weeks.
-2 -1
A. millepora no necrosis at 25 mg cm d , whole
-2 -1
mortality at 83 mg cm d after 12 weeks.

Table 20. Summarised results from published literature on turbidity effects on heterotrophic sponges.
Author
Gerrodette & Flechsig (1979)

Levels
-1
3 mg L
-1
11 mg L
-1
95 mg L

Reiswig (1971a)

Not given

Result
-1
Four hours exposure to 3 mg L reduced pumping rate, whilst
-1
11 mg L significantly reduced pumping rate. Exposure to 95
-1
mg L for 4 days found a continual decline in pumping rate.
Prolonged exposure affects the feeding and respiration
capacity of the sponge.
Monitored water pumping activity of 3 marine sponges over
summer and winter during increased turbulence and turbidity.
Water pumping activity was reduced by 13%, 35% and 51% as
a result of increased turbidity.
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Table 21. Summarised results from published literature on phototrophic sponge responses to turbidity.
Author
Wilkinson & Cheshire (1989)

Levels
Not given

Cheshire & Wilkinson (1991)

Not given

Steindler et al. (2001)

Not given

Result
Transect from nearshore to outer edge of Great Barrier Reef
found a decrease in turbidity and increase in light penetration.
Sponge communities change from heterotrophic nearshore to
phototrophic offshore in relation to turbidity levels.
Phototrophic sponges are limited to depths of at least 8%
surface irradiance and that they are obligate phototrophs with
limited capacity to augment their nutrition heterotophically.
Sponges were moved from a depth of 30m to 12m and then
from 12m back to 30m. Photosymbionts in sponges were able
to adapt to changes in irradiance with no significant decline in
energy production or sponge health.

Table 22. Summarised results from published literature on sedimentation effects on sponges
Author
Maldonado et al. (2008)

Wulff (1997)

Levels
-2 -1
50 mg m d
-2 -1
30 mg m d

50% burial

Rutzler et al. (2007)

Complete burial

Carballo et al. (1996)

2.8 g m mo
-2
-1
15.8 g m mo

-2

-1

Context & Conclusions
Asexually produced recruit longevity was compared between
their natural habitat and a local harbour. Although harbour
recruits experienced lower average sedimentation levels (30
-2
-1
mg m d ), harbour recruits suffered significantly reduced
longevity due to exposure to finer particle size and increased
organic content.
Buried the bottom half of 3 sponge species for 4 and 6 weeks.
Sponges had 16%, 40% and 47% biomass death after 4 weeks,
further increasing to 25%, 44% and 56% after 6 weeks.
Three species of reef sponge and 3 species of mangrove sponge
were tested for resilience to burial. All samples from a reef
collected sponge species died after 24 hours. After 48 hours
almost half the remaining reef collected samples from 2 species
had died. By 96 hours all reef samples had died. All mangrove
samples from 3 species were able to survive 72 hours burial, but
died after 96 hours burial.
Species tolerance to sedimentation was highly variable. Some
-2
species could only inhabit environments with less than 2.8 g m
-1
mo , whilst others were capable of inhabiting environments
-2
-1
with an average sedimentation load of 15.8 g m mo .

Zone of High Impact
The distinction between the zones of High and Moderate Impact is that loss of ecological function due to
serious damage to biota is predicted to last for less than 5 years in the latter. Thus separating these two
zones requires a threshold that indicates not only loss of biota, but some degree of effect above which
the impact constrains the ability of communities to recover within that 5 year timeframe. Section 4.2 sets
out several responses which might constrain that recovery timing. None of the existing thresholds
discussed above relate specifically to recovery. In this case, the simplest solution would be to follow the
Strategic Assessment Report (DSD 2010) which used the project footprint to define the Zone of High
Impact as an area of habitat likely to be unable to support a mixed benthos community with an
equivalent function to pre-dredging communities.
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Prediction of the Zone of High Impact within the Strategic Assessment Report also employed a threshold
based on a level of sedimentation derived from laboratory studies (Appendix 1) as causing considerable
coral mortality. That threshold has been redirected here to the Zone of Moderate Impact level, on the
basis that coral mortality is likely to be recoverable within 5 years. This conclusion is based on an analysis
of size classes of corals seen during monitoring and a probable size-age relationship, which suggested
that at least 90% of corals within the mixed benthos are less than 5 years old (Figure 4).
Sponges recorded within images of the mixed benthos appear likely to be older than the above analysis
suggests for corals. Due to their morphology, many of these sponges are less amendable than corals to
estimation of size from plan view images. The growth of some of the larger sponges found at James Price
Point (e.g. Xestospongia species) has been described as analogous to redwood trees and many sponges
may be tens of years to over a hundred years old (McMurray et al. 2008). Other reports of sponge growth
following a major disturbance suggest that sponge biomass may return to pre-disturbance levels with 4 to
6 years on tropical reefs (Wilkinson and Cheshire 1988). As a contextual threshold for comparison with
the dredging footprint, this study retains a threshold for sponges based on the potential that a substantial
loss of sponges might not recover within 5 years.
Narrative
The AIMS sponge study (Section 3.2) showed that partial mortality of sponges increased with increasing
sediment load. This threshold is set at a level predicted to add 30% mortality above background. Many
sponges in this area are relatively large and would probably not grow back to an equivalent size within 5
years. Loss of 30% of a sessile community has been defined previously as a significant disturbance
(Connell 1997).
Calculation
Based on the 14 day rolling mean of predicted sedimentation (gross) calculated in each cell of the model
exceeding 165 mg/cm2/d. In practice, interrogation of the sediment dispersion model would calculate
this as the median of 14 values, each estimated to be the amount of sediment settling each day without
resuspension.

mean incremental sedimentation over rolling 14d periods exceeds 165 mg/cm2/d
Applied throughout the study area over the whole year.

Zone of Moderate Impact
Thresholds used to denote this zone imply that some or all of the coral component of mixed benthos or
the seagrass beds might be lost due to dredging impacts, but would return within 5 years post impact (in
the absence of major natural perturbation events in the interim). Corals are used as general indicators for
the impacts on mixed benthos as they are the group with the best documented responses to dredging
impacts. Sponges are addressed in the High Impact threshold above, but other components of the mixed
benthos are assumed to be no more sensitive than corals.
Narrative
Coral species used to derive thresholds in the AIMS 2008 (Negri et al. 2009) study are rare in the study
area. The most common species found in the study area belong to groups accepted as being more
resistant to sediment impacts than the acroporids (Gilmour et al. 2007). Thus the threshold derived for
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corals from the AIMS study are likely to cause mortality only amongst the most sensitive individuals of the
community. The scarcity of those species should ensure that even if they are lost, the community does
not lose its ecological function as a coral community.
Monitoring of communities dominated by coral species known to be amongst the least sensitive to
sediment impacts showed that corals within a 500m radius of a major dredging project in Mermaid Sound
in Western Australia’s Pilbara region suffered no detectable loss of cover during a 3 year dredging
program (MScience 2010). Opportunistic water quality monitoring at those coral sites showed that
communities experienced sedimentation rates of 98 mg/cm2/d for longer than 1 month. Thus similar
species in the study area are unlikely to be impacted sufficiently to lead to ecological level damage that
would not recover within 5 years.
Calculation
The AIMS study showed than a mean daily sedimentation rate of 84 mg/cm2/d over a 12 week period led
to the partial mortality of some individuals. Corals used in that experiment were more typical of offshore
communities than those found in the mixed benthos off James Price Point. Therefore this should be
viewed as a worst case (most sensitive) threshold.
Sediment was applied at a consistent level for the duration of that experiment. Rather than require
sedimentation to exceed this value for 12 consecutive weeks, a simplifying assumption could be made to
set the impact to a mean rate for that period. The degree to which stress from sedimentation deviates
from linear proportionality to daily mean over the range of values likely to be encountered during
dredging is speculative, so the threshold has been calculated on that assumption as:
Worst case: mean incremental sedimentation is greater than 84 mg/cm2/d over a rolling 84d period
In practice, interrogation of the sediment model would calculate this as the mean value of 84 days of
accumulated sediment deposition without resuspension.
Much of the coral fauna here is more closely related to corals seen in the Mermaid Sound example
quoted above. A “best case” (less sensitive) threshold might be based on that data, although given the
high natural levels of sedimentation noted in summer (Table 16), this threshold may still be too
conservative. The threshold would be:
Best case: mean incremental sedimentation is greater than 100 mg/cm2/d over a rolling 84d period
Both thresholds should be applied in areas <-14m to target corals throughout the year.

4.6

Thresholds: Seagrass Communities

Based on sections 2.6, 2.7 and 3.3 the current status of seagrass dynamics in the study area appears to
be that populations disappear over summer when light levels are below 1-3%SI for periods of 15 to >30
days and recovery occurs throughout winter with seed production in summer. The degree to which
recovery of seagrass biomass depends on vegetative growth versus recruitment from seed is unknown
at present.
Two thresholds are developed here for seagrass – where seagrass refers to the sandy beds of Halophila
sp. observed with seagrass cover of the seabed usually between 5% and 20% of the bottom and little
other benthos over an area >100m2. Both thresholds relate to a “moderate impact” from disturbance
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of the winter recovery phase. Tables 23 and 24 list some thresholds from the literature used to
indicate levels of perturbation relevant to such impacts.
Table 23. Summarised results from published literature on turbidity effects on seagrass.
Author
Collier et al. (2009b)

Levels
4-5% (HS), 12-39% (MS) and
70-100% (LS) ambient light
for seagrasses from shallow
(3-4m) and deep (7-8m)
sites (no HS for 7-8m
seagrass depth)

Seagrass Species
Posidonia sinuosa

Longstaff and
Dennison (1999)

78 days of 100% light
deprivation

Halophila pinifolia
Halophila ovalis

Longstaff et al.
(1999)

30 days with 7% SI; 15 days
of no light and 15 days 7%
SI,;24 and 30 days no light

Halophila ovalis

Result
HS at the shallow and MS* at the deep site were
below minimum light requirements (MLR) for
long term survival. HS treatment led to 82%
decline in shoot density after 105 days. Rhizome
sugar concentrations declined to 32-52% in most
severe shading treatments. Those below MLR
had reduced leaf length, leaf width, carbon
content and photosynthetic adaptation.
H. pinifolia no decline in biomass after 38 days of
0% SI, declining to 30% biomass after 78 days.
Shoot density followed similar pattern as
biomass. Canopy height increase by 2cm during
first 38 days then dropped by 5cm from day 38
to 78. Chlorophyll concentrations increased from
2
21 to 28 mg cm after 78 days of shading.
Rhizome sugar concentration also increased
from shading.
H ovalis experienced nearly 100% biomass loss in
first 38 days of 0% SI.
Above-ground biomass and below-ground
biomass start declining at different times and
rates. Most of the seagrasses in the treatments
with no light were dead after 30 days.
Chlorophyll concentrations dropped in plants
with no light across the whole period while those
receiving 7% SI and 7% SI after 15 days had an
increased chlorophyll content after 30 days.

* HS-high shading, MS-moderate shading
Table 24. Critical seagrass thresholds* of light availability for some species of relevance to this study.
Author
Erftemeijer and Lewis
(2006)

Seagrass Species
Halophila decipiens

Halophila ovalis
Heterozostera
tasmanica

Threshold (% SI)
2%, 5%
4%, 4%
8%, 8%
16%
4%, 4%
5%
9%
4%, 17%
2%, 20%

Reference
Dennison (1987)
Williams and Dennison (1990)
Duarte (1991)
Schwarz et al. (2000)
Duarte (1991)
Bulthuis (1983)
Bulthuis (1983)
Duarte (1991)
Duarte (1991)

* multiple values reflect the findings of multiple studies
Zone of High Impact
Narrative
High impact, being the loss of seagrass community for greater than 5 years has been considered unlikely
unless the substrate is altered such that seagrass cannot recolonise effectively within a 5 year period
(DSD 2010 – Appendix C). The Strategic Assessment Report for this precinct assumed that such habitat
modifications would occur within the direct dredging footprint and elsewhere wherever the coral
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sedimentation threshold was exceeded (DSD 2010 – Appendix C) which resulted in sediments too fine to
allow successful colonisation by seagrass.
Turbidity-sedimentation relationships demonstrated within the water quality dataset collected for this
project (Section 2.7) suggest that the majority of the study area appears to be highly energetic at some
time of the year with substantive resuspension and reworking of seabed sediments.
Assumption: Resuspension of sediments as a result of metocean conditions occurring over the summer
months would redistribute any aggregation of fine sediments at the seabed surface such that the particle
size distribution would not remain dominated by fine components.
Thus a threshold at which sediment particle size distribution might be changed sufficiently to preclude
seagrass establishment is not set.
Based on Section 2.6, it seems likely that seagrass beds commonly decline over summers and recover
during winter. Were seeds critical in the recovery process, an impact which destroyed a seed bank or
prevented seed production might constrain recovery for over 5 years. The role of seeds in that recovery
is unknown at present. Wave energy and longshore currents in the area (DSD 2010 – Appendix G) are
likely to provide a considerable dispersive capability for seagrass seeds over an area sufficiently large that
recovery from seed requires <5 years. Beyond that assessment of low risk, there is insufficient
information to propose a threshold for this aspect.

Zone of Moderate Impact
Narrative
Substantive loss of seagrass biomass has been shown to occur in response to low light with rapid recovery
when the duration of light exposure is moderate. The present study and Longstaff and Dennison (1999)
suggest that 10-15 days of low (less than 3%SI) light is sufficient to reduce leaf biomass by >50%. The
latter authors show that leaf biomass can recover within a period of months from such impacts. The
study presented at Section 2.6 suggests that if such light reductions are experienced for durations >30d,
leaf biomass does not recover and plants would need to regrow in higher light conditions to effect
recovery. Thus a light level of <3%SI experienced for between >10 and <30 days is used to indicate an
impact which would temporarily reduce biomass by 50%.
Where effectively all plants are lost in a local population, recovery would require recruitment from seed.
If it were assumed that seed was not abundant and readily distributed, it might take 1-4 years to effect
recovery. While there is no information on seed banks and their dispersion for the study area, a 1-4 year
recovery period probably represents a conservative case. Thus a precautionary threshold indicating loss
of all Halophila in an area would be where light is kept below 3% for >=30 days, and recovery would occur
over 1-4 years.
Assumption: local population recovers from seeds: from either local seed bank or transported from
unimpacted habitat
Assumption: Seagrass light thresholds need only be applied in the winter months as summer background
levels of TSS may exceed thresholds without a dredging influence.
Assumption: There are no areas of seagrass large enough or dense enough to meet the definition of
seagrass beds provided at the beginning of this section that occur at depths below -25m.
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Calculation
By setting the background TSS to the Winter median of Table 17 (3.4 mg/l), the incremental TSS required
to reduce %SI to 3% would be ([234/z]*f -3.4) where z=depth(m) and f was a correction factor for sun
angle (Table 25). While that factor is not large, it is a predictable effect on the path downwelling light
must take from the surface to the seabed. The values of Table 25 are calculated using predicted solar
zenith angle for 2012 input to the equations set out in Miller & McPherson (1995) and assuming minimal
disruption to the sea surface from wind and waves.

Table 25. Factor to correct for the changing angle of the light path between seasons.

Month
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov

f
0.99
0.96
0.91
0.88
0.87
0.90
0.94
0.98
1.00

No published studies of the effect of interrupting the low-light treatments with one or more days of
higher light were able to be sourced. It seems likely from first principles that some relaxation of the
requirement for the period with low light to occur every day of a 10 or 30 day block could occur without
decreasing the severity of the impact. In this case, an arbitrary allowance has been made such that the 10
days of low light could occur over a 12 day period and produce the selected response. This was simply
multiplied by 3 for the second threshold. Thus the moderate impact light thresholds for seagrass are:
Worst Case: where the median daily TSS >([234/z]*f-3.4) for 10 days or more of any 12 day period, or
Best Case: where the median daily TSS>([234/z]*f -3.4) for 30 days or more of any 36 day period
With thresholds applied in winter only to areas shallower than -25m AHD.
In practice, the interrogation of the sediment model would calculate daily TSS as the median of
predictions between 10:00 and 14:00 hours contributed from dredging activities, and z would be the
average depth of a cell during that period.
The two thresholds are presented as a ‘worst case’ (seagrass lost after at the lower end of the exposure
range) and a “best case” (seagrasses not lost until the upper end of the range is reached). The difference
between zones defined as worst case and best case represents the ‘likely range” of impacts (EPA 2011).
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Consolidated Thresholds

Thresholds developed in the previous sections have been consolidated into Table 26.
Table 26. Consolidated thresholds and their application: thresholds in bold are those to be used for determining the most
likely case for each zone, while thresholds in italics provide contextual predictions.

Category
Zone of Influence

Zone of Moderate
Impact
(occurs where either
threshold is
exceeded)

Zone of High Impact

Threshold
TSS >5 mg/l for 5% of dredging campaign

Application
All areas, entire year

14d median sedimentation > 126 mg/cm2/d
14d median sedimentation > 7 mg/cm2/d
14d median TSS > 15.6 mg/l
14d median TSS > 1.5 mg/l

All areas, December – March
All areas, April - November
All areas, December – March
All areas, April - November

mean sedimentation > 84 mg/cm2/d over a Mixed benthos: Areas <14m,
rolling 84d period (worst case) OR 100 entire year
mg/cm2/d over a rolling 84d period (best
case)
median daily TSS >([234/z]*f-3.4) for 10
days in any 12d period (worst case) OR 30
days in any 36d period (best case)

Seagrass: Areas <25m, April November

Direct dredging footprint

All areas, entire year

Mean sedimentation over rolling 14d periods Mixed benthos: All areas, all year
> 165 mg/cm2/d
z = depth in metres, for depths “<” means “shallower than”; f = seasonal correction factor of Table 25

Notes:
The intensity component of these thresholds refers to the incremental component added by dredging or
disposal, to align with the model predictions. An allowance for the background level of each factor has
been applied during development of the threshold.
Sedimentation figures refer to sediment accumulating from the dredging activities without resuspension.
A breach of either threshold in the Moderate Impact category results in the application of that category
to the model cell (i.e. part of the study area) showing the breach.
Thresholds are for model interrogation, not for operational management.
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SUSPENDED SEDIMENT AND LIGHT

This section covers the application of light thresholds to the outputs of numerical models which predict
the suspended sediment concentration in a model cell.
The relationships between light attenuation, total suspended solids (TSS) and turbidity have been
assessed in the field and laboratory with selected sediments.
The purpose of these studies has been to develop a relationship between these water quality parameters
that will provide the basis for predicting the impact of changes in TSS on light availability to the benthic
zone.

5.1

Field Program

Methods
During five water quality field trips around James Price Point (November/December 2010, February 2011,
April 2011 and May 2011) measurements of turbidity, light and total suspended solids (TSS) were
completed at surface (depth -0.5 m), mid-water (if water depth >-10 m) and the bottom (1 m from
bottom) at 190 sites (Figure 12).
Turbidity measurements were made using a TPS (Model WP-88) turbidity temperature meter, light using
a LiCor underwater PAR sensor (LI-192) and a water sample collected using a submersible pump
connected to the 2 sensors. A known volume of water was then filtered on site using pre-weighed glass
filter papers (Whatman GF/C 1.2 µm) and returned to the laboratory for determination of TSS (NATA
accredited Marine and Freshwater Research Laboratory, Murdoch University, WA).
Light attenuation (Kd) was described by Kirk (1977) as:
(ln (PAR at surface) –ln (PAR at bottom)) / depth
where depth is the vertical distance between surface and bottom PAR readings.
Kd has been calculated as the vertical attenuation coefficient with no correction for the changes in solar
altitude that occur between seasons and within a day. Kd calculated in this way may be a slight
overestimate of normalised Kd (Kdn).
On the first trip in November/December 2010 the light sensor malfunctioned and the light data from this
trip is excluded from the full analysis.
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Figure 12. Water quality sampling sites.
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Results
The relationship between TSS (depth averaged) and Kd was highly significant (P<0.001) with a r2 = 0.66
(Figure 13).
Figure 13. Relationship between Kd and TSS estimated from boat-based monitoring on site.
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There was a similar highly significant (P<0.001) linear relationship between turbidity (depth averaged)
and TSS (Figure 14).
Figure 14. Relationship between TSS and turbidity from boat- based monitoring on site.
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Conclusions
1. The relationship between Kd and TSS indicates that Kd in clear water (y axis intercept) is 0.14 m-1
and that there is an increase in Kd of 0.018 m-1 for every 1 mg/l increase in TSS.
2. The strong relationship between turbidity and TSS provides the basis for conversion of turbidity
into TSS across a range of water quality conditions and supports the use of turbidity monitoring
as an indicator of changes in both TSS and light attenuation.

5.2

Laboratory Program

Methods
Laboratory Set-up
A 63 L cylindrical tank of height 1.3 m and diameter of 0.23 m was constructed for the laboratory
experiment (Figure 15a). Two underwater radiation sensors (LI-192 Underwater Quantum Sensor) were
fixed within the tank on an aluminium rig. These sensors are used for measuring Photosynthetically
Active Radiation (PAR) in aquatic environments and have a 400-700 nanometer (nm) quantum response.
A halogen lamp was positioned at 0.37 m above the surface light sensor (i1), 0.77 m above the turbidity
sensor and 1.17 m above the bottom light sensor (i2). The distance between the light sensors was 0.8 m.
A Davey XF171 pump with flow-rate 175 L/min was attached to the bottom of the tank and the outflow
hose was positioned around the inside top of the tank (Figure 15b). A LI-COR LI-1400 data logger was
used to record the data from the sensors (Figure 15c). The data logger was set to 1 minute averaging for
all data channels.
Sediment Samples
The three sediment samples used in the experiment were from the Dampier Peninsula in Western
Australia.
1. Sediment 1 was a compiled sample made up from sediments collected from sediment traps
between December 2010 and May 2011 in water around James Price Point.
2. Sediment 2 was taken from marine grab samples sourced from James Price Point. These were
subsequently ground to meet the requirements for laboratory sedimentation experiments.
3. Sediment 3 was a Pindan sample collected from a terrestrial site close to James Price Point.
The particle size distributions of these samples, estimates from the separate analysis of the components
are as shown in Table 27
Table 27. Estimated particle size distribution (%) of sediments used.
Sample
Sediment 1
Sediment 2
Sediment 3

Gravel
(10,000 - 2,000 µm)
0.1
0
0

Sand
(2000 - 60 µm)
23
50
85

Silt
(60 -2 µm)
76
50
13

Clay
(2 -1 µm)
0.4
0
0.5

Subclay
(1 – 0 µm)
0.1
0
1.5
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Figure 15. Laboratory tank experiment set-up.

Experimental procedure
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Weigh increments of the first sediment sample (Table 28).
Fill tank with filtered water to 63 L and turn off lights in laboratory.
Connect LI-COR data logger and set recording at 1 minute averages.
Wait 1 minute for data logger to record data.
Turn on halogen light and wait 1 minute for data logger to record data.
Turn on pump and wait 5 minutes for bubbles to dissipate, then wait 1 minute for data logger
to record data.
Add first sediment increment into top of tank and wait 3 minutes for sediment to disperse
and data logger to record data.
Repeat step 8 for each sediment increment (waiting 3 minutes between each addition).
After all sediment increments have been added, turn off data logger, drain tank and rinse 3
times.
Repeat experiment for other sediment sample.
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Table 28. Sediment concentrations and weights.

Label
1
2
3
4
5
6
7
8
9
10

TSS (mg/L)
0
1
2
4
8
16
32
64
128
256

TSS (mg)
0
63
126
252
504
1008
2016
4032
8064
16128

Add increment (mg)
0
63
63
126
252
504
1008
2016
4032
8064

Results
Light attenuation was positively correlated to TSS for each sediment type (Figure 16). All three linear
correlations were statistically significant (p < 0.05). Constants for each of the relationships between Kd
and TSS are shown in Table 29. Sediments 1 and 2 had similar slopes, but were approximately twice the
magnitude of the sediment 3 slope.

Table 29. Relationship between light attenuation and total suspended solids.

Sediment
1
2
3

Slope
0.0144
0.0151
0.0081

R2
0.9927
0.9811
0.9898

Intercept
1.6306
1.5589
1.275

Figure 16. Light attenuation and total suspended solids.
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Conclusions




For each of the relationships, the slope represents the change in light attenuation resulting from
a change in TSS – this slope can be used to predict the changes in light reaching the benthic zone
resulting from increased dredging sediment.
The intercept in these equations is a characteristic of the laboratory system in use and is not
applicable to the marine environment around James Price Point.

Overall Conclusions







The strong relationship between TSS and Kd was observed in both field and laboratory studies.
The slope of the relationship between TSS and Kd in the field was 0.018. For the comparable
sediment type used in the laboratory (sediment 1), the slope was 0.014. Given that Kd in the field
was calculated as vertical attenuation with no allowance for solar zenith angle, it may slightly
overestimate the slope and thus provides good agreement with the laboratory estimate.
Therefore for calculation of thresholds there are 3 slope options as follows:
o Natural sediment types:
y=0.014x
o Ground coarse sediment:
y=0.015x
o Pindan sediment
y=0.008x
where y = Kd and x = TSS concentration (mg/l)
Different slopes will be appropriate for different dredge material and dredging equipment.
There was also a strong relationship between TSS and turbidity in the field across different times
of the year and metocean conditions. TSS can be predicted from turbidity using the relationship:
 y = 1.17x + 2.14
where y = TSS (mg/l) and x = turbidity (NTU)
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