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ABSTRACT

Background: The Great Barrier Reef (GBR) is the world’s most iconic coral reef
ecosystem, recognised internationally as a World Heritage Area of outstanding
significance. Safeguarding the biodiversity of this universally important reef is a core
legislative objective; however, ongoing cumulative impacts including widespread
coral bleaching and other detrimental impacts have heightened conservation
concerns for the future of the GBR.

Methods: Here we review the literature to report on processes threatening species on
the GBR, the status of marine biodiversity, and evaluate the extent of species-level
monitoring and reporting. We assess how many species are listed as threatened

at a global scale and explore whether these same species are protected under national
threatened species legislation. We conclude this review by providing future
directions for protecting potentially endangered elements of biodiversity within
the GBR.

Results: Most of the threats identified to be harming the diversity of marine life on
the GBR over the last two—three decades remain to be effectively addressed and many
are worsening. The inherent resilience of this globally significant coral reef ecosystem
has been seriously compromised and various elements of the biological diversity for
which it is renowned may be at risk of silent extinction. We show at least 136 of the
12,000+ animal species known to occur on the GBR (approximately 20% of the 700
species assessed by the [IUCN) occur in elevated categories of threat (Critically
Endangered, Endangered or Vulnerable) at a global scale. Despite the wider
background level of threat for these 136 species, only 23 of them are listed as
threatened under regional or national legislation.

Discussion: To adequately protect the biodiversity values of the GBR, it may be
necessary to conduct further targeted species-level monitoring and reporting to
complement ecosystem management approaches. Conducting a vigorous value of
information analysis would provide the opportunity to evaluate what new and
targeted information is necessary to support dynamic management and to safeguard
both species and the ecosystem as a whole. Such an analysis would help decision-
makers determine if further comprehensive biodiversity surveys are needed,
especially for those species recognised to be facing elevated background levels of
threat. If further monitoring is undertaken, it will be important to ensure it aligns
with and informs the GBRMPA Outlook five-year reporting schedule. The potential
also exists to incorporate new environmental DNA technologies into routine
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monitoring to deliver high-resolution species data and identify indicator species that
are cursors of specific disturbances. Unless more targeted action is taken to safeguard
biodiversity, we may fail to pass onto future generations many of the values that
comprise what is universally regarded as the world’s most iconic coral reef
ecosystem.

Subjects Biodiversity, Marine Biology, Climate Change Biology, Natural Resource Management,
Environmental Impacts

Keywords World heritage area, Values, Threatened species, [UCN, Species, Climate change, Value
of information analysis, Silent extinctions, Monitoring and reporting, Marine conservation

INTRODUCTION

The Great Barrier Reef (GBR) is a diverse ecosystem extending for more than 2,300 km
along Australia’s northeast coast. It is recognised internationally as being of outstanding
universal value (United Nations Educational, Scientific and Cultural Organisation, 1981;
Lucas et al., 1997; GBRMPA, 2014a). Its diversity includes but is not restricted to over
410 species of hard coral, over 1,620 species of fish, 2,000 species of sponge, 14 species
of sea snake, six of the world’s seven species of marine turtle, at least 300 mollusc species,
630 species of echinoderm, and 500 species of marine alga. No other World Heritage
Area on the planet contains such diversity (Day, 2016) and the GBR’s exceptional
biodiversity values were specifically mentioned in two of the four criteria for natural
heritage (ix and x) when it was World Heritage listed in 1981 (United Nations Educational,
Scientific and Cultural Organisation, 1981).

The long-term protection and conservation of biodiversity values is at the core of
the primary legislative objective for the GBR (s. 2A of the Act, Great Barrier Reef
Marine Park Act, 1975) of all recent GBR planning and management documents such as
the 2014 Outlook Report (GBRMPA, 2014a), the 2014 Strategic Assessment (GBRMPA,
2014b) and the Reef 2050 Sustainability Plan (Reef 2050 Plan) (Comimonwealth of
Australia, 2015) reflect this. However, a recent report on the feasibility of the Reef 2050
Plan suggests that maintaining the GBR’s Outstanding Universal Value and biodiversity as
we know it may no longer be realistic, and it is recommended that the key managerial
focus should be preserving the ecological function of GBR ecosystems (Roth et al., 2017).

This recommendation is based on the ongoing habitat deterioration of the GBR,
even in sectors where there is minimal human influence (Hughes et al., 2017). It is also
based on the finding that windows of opportunity for recovery after disturbances are
narrowing (Hughes et al., 2018)—a consequence of the lack of progress that has been made
towards global emission and local water quality targets. While such a policy change
may be inevitable, it should not preclude biodiversity conservation. In addition to the
moral and aesthetic reasons for protecting biodiversity, the conservation of diversity is
important for protecting the functioning and resilience of the ecosystem as a whole.
This is because inherent variation in species responses to, and recovery after disturbances
provides ecological insurance in the face of change (Nystrom et al., 2008). Furthermore,
diversity buffers ecosystems against environmental change and increases the stability

Richards and Day (2018), PeerdJ, DOI 10.7717/peet|.4747 2/26


http://dx.doi.org/10.7717/peerj.4747
https://peerj.com/

Peer/

and functioning of ecosystem processes (Griffin et al., 2009; Loreau ¢ de Mazancourt,
2013). Conversely, species loss can accelerate change in ecosystem processes (Stachowicz,
Bruno & Duffy, 2007; Perrings et al., 2011; Hooper et al., 2012) and the extinction of a
species may have unforeseen impacts (Dulvy, Sadovy & Reynolds, 2003).

There is little doubt that quantitative scenarios for the future of biodiversity in the
21st century are bleak (Pereira et al., 2010), however there is still a chance to intervene
through better policies. Given biodiversity is so intimately related to ecosystem
functioning, in this review, we focus on the biodiversity values of the GBR. We
acknowledge that in complex and socio-economically valuable ecosystems where there
are multiple stakeholders and users, conservation decisions should never be made
with biodiversity data alone. However, the purpose of this review is to introduce the
biodiversity values of the GBR, summarise the threats directly or indirectly impacting
these values, evaluate the status of marine life and examine the influence of scale on
threatened species management approaches. Our objective is not to provide an exhaustive
commentary on the biodiversity conservation literature (see Yoccoz, Nichols ¢ Boulinier,
2001; Stem et al., 2005; Ferraro ¢ Pattanayak, 2006 for general reviews of monitoring and
evaluation in conservation), or the challenges faced by environmental managers and
policymakers (see Anthony, 2016), but rather to highlight opportunities for optimizing the
evaluation and protection of biodiversity on the GBR.

SURVEY METHODOLOGY

The 2014 GBR Outlook Report (GBRMPA, 2014a) was chosen as the initial primary
source of key references of the key threats/pressures impacting upon the GBR.

The 2014 Outlook Report is a comprehensive compilation of information about the
GBR underpinned by many references. Searches of the Outlook Report were undertaken
against the following keywords: climate change, water quality, coastal development,
shipping, unsustainable fishing, diseases, pests, and marine debris. Eighty-two articles
that referred to the consequences, impacts or implications of the threats/pressures for
species on the GBR were retained and included in Table S1. Table S1 was further
augmented by conducting the same keyword searches of the James Cook University
library, with only those articles directly relevant to species on the GBR retained. Articles
that did not refer to consequences, impacts or implications of the threats/pressures for
species were excluded. Precedence was given to articles published within the last 15 years;
however, five articles published in the 1990s were included in Table S1 as they provided
critical information not available elsewhere. In total, 125 titles were included in our
review of the key threats/pressures impacting species within the GBR and these are
listed in Table S1. We also conducted Google Scholar searches focusing on the ecological,
environmental management, and conservation planning literature for articles relating
to the challenges presented by monitoring and managing diversity in coral reef
ecosystems, coral reef surrogates and proxy metrics. We examined the 2014 GBR Outlook
Report (GBRMPA, 2014a) to quantify how many species were known from the GBR
and the threatened status of these fauna based on national (EPBC Act: http://www.
environment.gov.au/marine/marine-species/marine-species-list) and international
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Figure 1 Cumulative impacts on the Great Barrier Reef. Cumulative impacts on the Great Barrier
Reef that are directly or indirectly affecting species. For more information on key threats/pressures
and the implications for species see Table S1. Water quality image—Photographer: C. Honchin, Copy-
right Commonwealth of Australia (GBRMPA); Marine debris image—Photographer: S. Whiting, Copyright
Commonwealth of Australia (GBRMPA); Shipping image—Photographer: P. Howorth, Copyright Common-
wealth of Australia (GBRMPA); Coastal Development image courtesy Queensland Government
Department of Heritage and Protection under Creative Commons Attribution 3.0 Australia (CC BY)
license (http://www.ehp.qld.gov.au/legal/copyright.html). All other images by Zoe Richards.

Full-size K&] DOT: 10.7717/peerj.4747/fig-1

threatened species lists (IUCN red-list http://www.iucnredlist.org/). This comparison
was undertaken for approximately 700 species (including hard corals, sea cucumbers,
giant clams, grouper, wrasse, parrotfish, sharks, rays, sea snakes, turtles, whales,

dolphins, and dugong) whose conservation status has been assessed at a global level. Lastly
we used a Google Scholar search to locate titles that relate to optimal coral reef monitoring
and alternative coral reef monitoring technologies.

RESULTS AND DISCUSSION

Current status of the diversity of marine life on the GBR

Despite significant management actions (Fernandes et al., 2005; Commonwealth of
Australia, 2015), the diversity of marine life on the GBR is threatened by seven key
pressures (climate change, declining water quality, coastal development, shipping impacts,
fishing impacts, diseases and pest species, and marine debris) (Fig. 1). These direct or
indirect pressures have led to at least 43 impacts which may adversely impact species on
the GBR (Fig. 1, see also Table S1). The latest extensive impact, the back-to back thermal
stress events in 2015-2016, led to 91% of surveyed GBR reefs experiencing coral bleaching
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(Hughes et al., 2017). This large-scale coral bleaching event heightens concerns about
whether the biodiversity values of the GBR are intact because it occurred at a time when
parts of the GBR system were recovering from three category five cyclones (2010-2015,
Perry et al., 2014), and a legacy of cumulative pressures (e.g. the commercial harvesting of
dugongs, green turtles, pearl shell, trochus, and sea cucumbers; catchment management
issues, including land clearing, changes to natural water flows and water pollution
(GBRMPA, 2013a; Anthony, 2016)).

Prior to the 2016 bleaching event, both habitats and species in the southern two-
thirds of the GBR, and particularly in the inshore areas, had reportedly declined
(Brodie & Waterhouse, 2012; GBRMPA, 2009, 2014a; Osborne et al., 2011). A temporal
analysis of the level of coral cover indicated that from 1985 to 2012 reef-wide coral cover
declined by an average of 0.53% per year from 28.0% to 13.8% (De’ath et al., 2012).
Between 1988 and 2003 coral calcification rates are also reported to have declined
from 1.96 g cm™? year_1 (+0.05) to 1.59 cm > year_1 (£0.04), equivalent to a decline of
14-21% over this period (Cooper et al., 2008; De’ath Lough & Fabricius, 2009).
Degradation was not, however, restricted to the corals; sea grass health, particularly in
central GBR was poor (Fairweather, McKenna ¢ Rasheed, 2011; McKenzie, Collier ¢
Waycott, 2015), dugong numbers had declined abruptly (Marsh et al., 2001; Sobtzick
et al., 2012), hawksbill turtles were in decline (Bell, Schwarzkopf ¢ Manicom, 2012) and
some sharks, rays, and large fish populations were in decline, especially in coastal and
inshore areas (Chin et al., 2010; Ceccarelli et al., 2014). Overall, even before the 2016
bleaching event, the inherent resilience of this globally significant reef ecosystem had
been seriously compromised and there was a concern that numerous elements of the
biological diversity for which it is renowned may have been at risk (World Heritage
Committee, 2014, 2015; Day, 2015).

In complex and dynamic ecosystems like coral reefs, biodiversity in the true sense
of the word—encompassing genetic, species, community, and ecosystem diversity is
enigmatic (Gaston, 1998). On the GBR at least 12,000 species of marine vertebrates
and invertebrates have been reported (Table 1; Pitcher et al., 2007; Hutchings, Kingsford ¢
Hoegh-Guldberg, 2008). However, this estimate of species diversity is highly conservative.
For many groups, only preliminary estimates are available and these are often based on
survey data that were collected 20—40 years ago. Furthermore, condition and trend
information is only available for only a limited number of species (Fabricius ¢ De’ath,
2001; GBRMPA, 2014a); hence even for many large charismatic species of high
conservation significance, the status of populations is uncertain (Hamann & Chin,
2015). Cryptic lineages (Schmidt-Roach et al., 2013); new species (e.g. Hooper ¢ Van Soest,
2006; Miller & Downie, 2009; Sutcliffe, Hooper & Pitcher, 2010; Hunter ¢ Cribb, 2012;
Schmidt-Roach, Miller ¢ Andreakis, 2013; Capa & Murray, 2015) and even entire habitats
such as sponge gardens, mesophotic reefs, and deep water corals, are still being discovered
and mapped (e.g. Bridge & Guinotte, 2012; Bridge et al., 2012; Beaman, 2012; Harris et al.,
2013; Lopez-Cabrera et al., 2016; McNeil et al., 2016).
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Table 1 Threatened species on the Great Barrier Reef.

Listed threatened species

Number of species recorded  Australia’s environment protection Global red list index (critically

on the GBR” and biodiversity conservation act 1999  endangered, endangered or vulnerable)
Sponges# 2,500 0 Not assessed
Jellyfish* 100 0 Not assessed
Soft corals and sea pens” 150 0 Not assessed
Ascidians/tunicates” 720 0 Not assessed
Bryozoans” 950 0 Not assessed
Anemones” 40 0 Not assessed
Hard corals” 450 0 88
Echinoderms” 630 0 10
Crustaceans” 1,300 0 Not assessed
Molluscs” 3,000 0 2
Insects and arachnids” 25 0 Not assessed
Worms” 500 0 Not assessed
Bony fishes 1,625 1 5
Sharks and rays” 136 9 21
Breeding sea snakes 14 0 0
Marine turtles 6 6
Whales and dolphins 30 6 4
Dugong 1 1 1
Total 12,177 23 136

Notes:
The number of animal species known to occur on the GBR contrasted with the number listed on national and global threatened species lists. Adapted from the 2014
Outlook Report (GBRMPA, 2014a) and the 2016 ITUCN Red List.
Excludes crocodile, nesting seabirds, shorebirds, plankton and marine flora.
“ Best available estimate.
“ A. Chin, 2016, unpublished data.

Current approaches to informing coral reef management for
biodiversity conservation

The task of protecting marine biodiversity is immense and exacerbated by the logistic
challenges of conducting species-level surveys and the high level of taxonomic

expertise needed to identify species. Hence, including a large number of species in
routine monitoring can be regarded as both impractical and in some cases ineffective
(Bottrill et al., 2008). Moreover, in contemporary conservation science there is a growing
view that monitoring can be a waste of resources rather than a prerequisite for optimal
management (Legg & Nagy, 2006). This perspective has been fuelled by the decades of
monitoring studies that have reported population declines with no apparent link to
management objectives (Nichols ¢ Williams, 2006), or without any responsive action
being taken. Furthermore, the amount of money and capacity required to protect all
biodiversity is considered astronomical and far beyond the current investment in
conservation action (James, Gaston ¢ Balmford, 2001). Hence, by necessity, ecosystem
management approaches adopt a triage approach that involves prioritizing the investment
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of scarce resources in a reduced set of factors that are more manageable (Bottrill et al.,
2008; Wilson et al., 2011).

The principal way managers are informed about the status of biodiversity is through
surrogate information (defined in Hunter et al., 2016). In some cases, surrogate
information can relate to subsets of data about indicator species (Gardner et al., 2008),
cross-taxon surrogates (Rodrigues ¢ Brooks, 2007), broad habitat-based proxy metrics
(Dalleau et al., 2010) or abiotic surrogates (Beier et al., 2015). Some have argued that
proxies reduce the time and cost required for data collection (Humphries, Williams ¢
Vane-Wright, 1995; Favareau et al., 2006) suggesting that developing indicator, surrogate
or proxy metrics that adequately represent diversity trends is an important and
pragmatic conservation objective (Baillie et al., 2008). Numerous other studies, however,
have questioned the ability for proxy metrics to effectively represent diversity (Aratijo
et al., 2001; Rodrigues ¢ Brooks, 2007; Andleman ¢ Fagan, 2000), highlighting that all
proxy metrics have limitations (Pressey, 2004) especially if their performance is not
evaluated with empirical data (Vellend, Lilley ¢» Starzomski, 2008). One study examining
the efficacy of biological surrogacy in seabed assemblages on the GBR indicated that no
one taxonomic group was a particularly good surrogate for another and recommended
that examining multiple taxonomic groups together was the preferred approach (Sutcliffe
et al., 2012).

On the GBR, the overwhelming majority of diversity surrogate information is collected
(and reported) at a habitat level. Relatively little data is available at the species-level.
For example, all but two of the references cited in the 2014 Strategic Assessment
(GBRMPA, 2014b) and the 2014 Outlook Report (GBRMPA, 2014a) to substantiate the
condition and trend of coral species diversity on the GBR relate to the percentage of
live coral cover. Likewise, a recent paper documenting the impact of the 2016 coral
bleaching event (Hughes et al., 2017) reports species-level responses for only two of the
410 coral species known to occur on the GBR despite claiming to document the resistant
corals and susceptible species. Moreover, 21 taxa were recorded at the level of genera,
two genera were further broken down into growth forms, three taxa were reported at
the family level and soft corals were reported at the level of order. Despite their important
role as ecosystem engineers, for hard corals, there has not been a comprehensive species-
level assessment of coral diversity on the GBR since 2001 (DeVantier et al., 2006) and
species-level information is not routinely collected or reported on, hence the only species-
level data available to underpin management decisions about the status of coral
biodiversity on the GBR is now over 15 years old.

The situation is worse for other neglected marine taxa—no current information on
status or trends exists for the overwhelming majority of marine taxa including highly
targeted and vulnerable taxa such as sea cucumbers and giant clams (Purcell et al., 2014).
Thus, given multiple disturbances (e.g. including bleaching and mortality events,
cyclones, freshwater flood plumes, and a new outbreak of crown of thorn (COT) sea
stars (Acanthaster planci) have impacted the GBR over the last decade, the
questions remain—how can we be sure we are adequately protecting biodiversity
if we have only a partial understanding of what is there? Do we have adequate
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data to evaluate how biodiversity has responded to both management efforts and
disturbance events?

Coral cover is a poor surrogate for biodiversity

On coral reefs, habitat proxies are commonly used to quantify the condition of coral reefs,
with percent live hard coral cover being the most widely used metric in monitoring
studies (Bruno ¢ Selig, 2007; Eakin et al., 2010; Dé’ath et al., 2012). Tt is stated in the
Reef 2050 Plan that the extent, condition and trend of habitat provide the best indicators
of biodiversity (Commonwealth of Australia, 2015). However, despite its broad use,
hard coral cover is not a robust indicator of coral diversity. A study undertaken at Lizard
Island on the GBR showed that coral cover was not an effective proxy for coral diversity
because coral cover is not related to species richness as a positive linear function
(Richards, 2013). To further explore the generality of this finding, the study was repeated
at four additional locations (Ashmore Reef, Kosrae-Micronesia, Majuro-Marshall Is.,
and Christmas Island; Richards ¢ Hobbs, 2014; Ryan, Richards ¢ Hobbs, 2014). In those
studies, percent live coral cover consistently performed poorly as an indicator of coral
species richness (Fig. 2).

Numerous studies have maintained that the level of coral cover can be used to make
inferences about fish biomass (Chabanet et al., 1997); the prevalence of coral diseases
(Bruno et al., 2007); reef accretion potential (Perry et al., 2012) and arguably reef aesthetics
(Pocock, 2002) or the economic value of reefs relating to tourism (Stoeckl et al., 2011).
However, focusing solely on collecting data on habitat condition using general indicators
such as coral cover is counter-productive to species conservation because when used in
isolation, habitat proxies are not informative about ecological condition (Hughes et al.,
2010), functionality (Alvarez-Filip et al., 2013) or diversity (Richards, 2013). Moreover,
the finding of high coral cover can be deceptive because cover can be driven by the
dominance of a small number of species whilst a high level of diversity can be sustained
even when coral cover is low or moderate. Thus, it is important to note that a habitat
with high coral cover does not guarantee functional diversity (defined by Cadotte, 2011
as the trait variation in an assemblage), or community reassembly after disturbance
(Hughes et al., 2010). Communities with high coral cover may be dominated by one or a
small number of species and a single disturbance event (i.e. selective bleaching, disease
outbreak or COTs infestation) could wipe out these dominant habitat formers with
cascading ecosystem effects. With greater diversity comes the increased likelihood that
some species would survive disturbance events and that critical functions such as reef
building will be maintained. Thus, monitoring coral cover alone can fail to alert decision-
makers to declines in resilience and it may in-fact mask losses of resilience.

The risk of silent extinctions in the absence of an effective
understanding of biodiversity

Without appropriate empirical baseline data (e.g. current population size and trend
data), it is impossible to accurately detect or predict population growth, depletions,
range shifts, to identify species with superior tolerance or to understand how species
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Figure 2 The relationship between mean coral species richness and mean percent live coral cover.
(A). The results of a survey conducted at Lizard Island based on 28 sites showed that there was a
polynomial relationship between coral species richness and percent live coral cover (adj 7 = 0.351, SE
10.789, df = 25, p=0.001) and significance of the quadratic term in multiple regression suggested a non-
linear relationship where species richness peaked at intermediate levels of coral cover (Adapted from
Richards, 2013). (B). When repeated at Christmas Island, no significant (p > 0.05) linear or polynomial
relationships were found between percent live coral cover and species richness at any scale (site, depth or
transect) (Adapted from Ryan, Richards ¢» Hobbs, 2014). (C). When the relationship was analysed at
three additional locations Pacific and Indian Ocean locations, the overall * values were considered too
low (i.e. below 0.7) to provide meaningful estimates of coral species richness regardless of the scale of
analysis (black bars: site means; white bars: transect level) (Adapted from Richards & Hobbs, 2014).
Full-size K&l DOT: 10.7717/peerj.4747/fig-2

respond to management effort. Furthermore, without baseline data it is likely that
extinctions may be occurring as unrecorded silent extinctions (Myers & Ottensmeyer,
2005). Silent extinctions may initially take place as ecological extinctions (when a
species is reduced to such low abundance that, although still present, it no longer plays
its typical ecological role); but they may also occur as undetected local extinctions
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(the disappearance of a species from part of its range) (Estes, Duggins ¢ Rathbun, 1989).
Both of these types of extinctions are precursors to wider extinction events.

Even though there have been few, if any, known extinctions on the GBR, there is reason
to believe that the threat of extinction is growing in tandem with the increasing frequency
and velocity of disturbance events. The GBR Strategic Assessment (GBRMPA, 2014b)
states there are significant concerns about a small number of species, including the
spear tooth shark which may now be extinct in the GBR Region. While some potentially at
risk species on the GBR are protected by other legislative mechanisms (e.g. all species
of sawfish which are protected under Queensland legislation, GBRMPA, 2013b)—others
are not. For example, two species of sea cucumbers (Holothuria whitmaei and
H. fuscogilva) that are listed as Endangered and Vulnerable on the IUCN red-list index
(RLI) (IUCN, 2015) have been heavily fished, and the annual catch of another Vulnerable
species (Stichopus herrmanni) rose at an average annual pace of 200% from 2007 to
2011 (Eriksson & Byrne, 2013) however none of these species are protected under
Australian legislation.

Other habitat-forming species such as hard corals are listed as no-take species under
the GBRMPA Act 1975 which affords them protection from extractive threats. However,
no stony coral species are specifically listed as threatened species under the EPBC Act,
and their actual population status is not known nor is the effectiveness of current
legislation as a regulatory control. Furthermore, with no post-impact data recorded
at a species-level, it is impossible to report the impact that disturbance events (such as
the recent widespread coral bleaching event) have had, nor is it possible to substantiate
species recovery.

The significant and escalating situation on the GBR was placed in the international
spotlight by UNESCO’s World Heritage Committee (WHC) in 2011, and the Committee
has since continued to raise concerns about the status of the GBR World Heritage Area
(e.g. World Heritage Committee, 2013, 2014, 2015). In 2014, the WHC requested that
the Australian government provide concrete and consistent management measures to
ensure the overall long-term conservation of the property, including addressing
cumulative impacts and increase reef resilience. In response, the Reef 2050 Plan was
drafted (Commonwealth of Australia, 2015). As highlighted elsewhere (Australian Academy
of Science, 2015; Hughes, Day ¢ Brodie, 2015; Roth et al., 2017), the Reef 2050 Plan falls
short on responding to these requests especially in the context of addressing climate
change, shipping impacts, setting realistic, and measurable targets, cumulative impacts
and a commitment to the level of funding required. The Reef 2050 Plan does, however,
provide some useful actions and targets to monitor population trends for some mega
fauna such as dugongs and turtles. The provision of strategies to evaluate and report
on the population trends of other non-charismatic taxa like benthic invertebrates is
notably absent. For example, the condition and trend for the ‘other invertebrates’ section
in the GBR Strategic Assessment is listed as ‘very good” and ‘stable’ but there is no
confidence in the data and very limited evidence (GBRMPA, 2014b). Also in the ‘sea
snakes’ section of the same assessment, it states abundance estimates are only available
for a few species or for small areas, and there is little information about population trends.
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Scale-based mismatches in threatened species assessments

For most of the 12,000+ animal species that are documented from the GBR (Table 1),
regional status information is notably absent (exceptions are nesting seabirds and
shorebirds). However, for approximately 700 species including hard corals, sea
cucumbers, giant clams, grouper, wrasse, parrotfish, sharks, rays, sea snakes, turtles,
whales, dolphins, and dugong (Carpenter et al., 2008; Elfes et al., 2013; Sadovy de
Mitcheson et al., 2013; Conand et al., 2014; Dulvy et al., 2014), conservation status has been
assessed at a global level using the Red List of Threatened Species (RLI) (IUCN, 2015).
The global assessments indicate that at least 136 species on the GBR (approximately
20% of species assessed) occur in elevated categories of threat (Critically Endangered,
Endangered or Vulnerable) (Table 1) including at least 89 species of hard coral, 10 species
of sea cucumbers, 21 species of sharks and rays, two species of giant clam, and five
species of bony fish (Table S2).

Despite the wider background level of threat for these 136 species, only 23 of them
(17%) are listed as threatened under the Environment Protection and Biodiversity
Conservation Act, 1999 (Australian Government, 2015) or defined as protected species
under the Great Barrier Reef Marine Park Regulations, 1983. The regional status of the
other 113 assessed species that have been recognised as highly threatened on a global
scale by their respective taxonomic experts is not known (e.g. the Narrow Sawfish
(A. cuspidata), Purple Eagle Ray (Myliobatus hamlyni), Humphead Wrasse (Cheilinus
undulatus, see Fig. 3) and five species of sea cucumbers (Holothridae)). Nor is the status
of an additional 35 species that are listed on the RLI as Data Deficient (Table S2, only
three of which are protected under EPBC), or the other 11,000+ animal species known
or likely to occur on the GBR which have not been assessed at any scale (global, national or
regional, see Table 1). These species are not protected under the Environment Protection
and Biodiversity Conservation Act, 1999 because they are not endemic to Australia and
the global IUCN assessments have little bearing on decisions made under the EPBC
Act unless the species in question is endemic to Australia.

Future directions

In order to effectively manage the GBR a multi-pronged approach is needed (McCook
et al., 2009). Pragmatism has led to a preference for system-wide ecosystem management
with the result that species-level initiatives have been de-emphasised. However,
obtaining a comprehensive and up-to-date understanding of the status of GBR marine life
through targeted taxonomic and ecological research on key knowledge gaps and long-
term species monitoring remains a fundamental way to make informed management
decisions (GBRMPA, 2009, 2013a, 2014a) and creates opportunities to engage with the
public and bolster support for biodiversity conservation. The key argument against
species-level surveys is that they are prohibitively expensive. But is this true? By way of
example, a large multi-institutional, multi-taxon marine biodiversity project (Marine
Life of Kimberley project) was recently conducted in NW Australia. Just like the GBR,
the Kimberley marine bioregion comprises diverse coastal and offshore habitats and a
large number of islands with fringing reef habitats. However, it covers a larger and
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Figure 3 Examples of species that are under threat at a global scale but their regional status is not
known. (A) Tridacna gigas, a vulnerable clam species (see http://www.iucnredlist.org/details/22137/0).
(B) Acropora donei, a vulnerable staghorn coral species (see http://www.iucnredlist.org/details/133223/0).
(C) Cheilinus undulatus, an endangered species of wrasse (see http://www.iucnredlist.org/details/4592/0).
Photos by Zoe Richards. Full-size K&l DOI: 10.7717/peerj.4747/fig-3

even more remote area (Kimberley project area is 476,000 km* (Bryce, Bryce ¢ Radford,
2018); the GBR is 347,800 km* (GBRMPA, 2014a)). The Kimberley Marine Life project
had two phases. The first phase (2008-2011) involved the compilation and analyses of

Richards and Day (2018), PeerdJ, DOI 10.7717/peerj.4747 12/26


http://www.iucnredlist.org/details/22137/0
http://www.iucnredlist.org/details/133223/0
http://www.iucnredlist.org/details/4592/0
http://dx.doi.org/10.7717/peerj.4747/fig-3
http://dx.doi.org/10.7717/peerj.4747
https://peerj.com/

Peer/

historic data from several Australian museums and the WA Herbarium to give a state
of current knowledge for the region’s marine life. Phase 2 (2011-2015) involved a series of
surveys to increase the resolution of the marine diversity data and fill knowledge gaps
identified during Phase 1. The project targeted the region’s molluscs, crustaceans, fish,
hard corals, soft corals, sponges, echinoderms, worms, marine algae, and sea grasses
(Bryce & Sampey, 2014; Fromont ¢ Sampey, 2014; Hosie et al., 2015; Huisman & Sampey,
2014; Hutchings et al., 2014; Moore et al., 2015; Richards, Sampey & Marsh, 2014; Sampey &
Marsh, 2015; Willan, Bryce ¢ Slack-Smith, 2015). This $2.7 AUD million dollar project
(plus in-kind support) has provided a comprehensive reference dataset to guide in the
design of the newly gazetted marine parks in the region; informed a range of research
projects (WAMSI; http://www.wamsi.org.au); led to award-winning educational outreach
opportunities (http://museum.wa.gov.au/btw/) and established a knowledge legacy for
future generations. If an equivalent annual financial investment was made into updating
our understanding of the status of marine life on the GBR, this would equate to less
than 0.42% of the estimated annual worth of the reef to Australia’s economy (valued at
$6.4 billion annually, Deloitte Access Economics, 2017).

If new biodiversity studies are undertaken on the GBR, it would be crucial for
this new information to be made available to decision-makers in a timely manner to
ensure enduring and constructive links are made between monitoring and subsequent
management actions (Day, 2008). More specifically, it must align with the five-year GBR
outlook reporting schedule (the next report is due in 2019). In lieu of new surveys, a value
of information analysis (Runge, Converse ¢» Lyons, 2011; Moore ¢ Runge, 2012;
Yokomizo, Coutts ¢ Possingham, 2014) could be undertaken to provide scientifically
credible advice on how, when, and what new information is needed to broaden and
accelerate efforts to conserve the biodiversity values of the GBR. Such an analysis may,
for example, find there is a need to expand the existing monitoring program for the GBR
to include key diversity indices. For some taxa, biodiversity proxies have been established
e.g. particular families have been identified as good indicators of wider reef fish diversity
(Allen & Werner, 2002), however for most, this information is not available and more
research is needed in this area.

Any expansion of the existing GBR long-term monitoring program would need to be
carefully considered and negotiated amongst a body of experts, managers, stakeholders,
independent advisors, and preferably, informed by a value of information analysis. As a
start, some possible options for adapting and expanding the monitoring program include:

1. Targeted top and tail monitoring which involves collating species-level data on a
selection of the most common (keystone) species in addition to some of the most
endangered and vulnerable species and/or invasive species.

2. Rotational monitoring whereby different taxa are monitored in a four-year cycle
to increase the breadth of species captured in the overall monitoring program
(see Fig. 4).

3. Stratified monitoring that involves in-depth taxonomic and ecological assessments at a
smaller number of sites that overlap with key long-term monitoring stations.
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Figure 4 Rotational biodiversity monitoring is one example of how existing monitoring programs
could be adapted. If long-term monitoring programs are adapted, all decisions relating to target
species and yearly taxa subsets would require expert discussion following baseline surveys or a Value of
Information Analysis. Such a program would require resourcing and co-ordination but the vision
could be for it to be conducted by two to three scientists per year (rotating based on expertise) and
undertaken alongside the existing long-term monitoring program. Credits: Aerial—Photographer:
M. Cowlishaw, Copyright Commonwealth of Australia (GBRMPA); Humpback Whale—Photographer:
M. Simmons, Copyright Commonwealth of Australia (GBRMPA); Sea grass—Photographer: J. Jones,
Copyright Commonwealth of Australia (GBRMPA); Great White Shark—Photographer: K. Hoppen,
Copyright Commonwealth of Australia (GBRMPA); Halimeda—Photographer: G. Goby, Copyright
Commonwealth of Australia (GBRMPA); Dugong—Photographer: B. Cropp, Copyright Commonwealth
of Australia (GBRMPA); Turtle—Photographer: E. Goodwin, Copyright Commonwealth of Australia
(GBRMPA). All other images by Zoe Richards. Full-size K&l DOL: 10.7717/peerj.4747/fig-4

While these are just a few examples of possible ways the monitoring and reporting
program could evolve, they illustrate that if preventing coral biodiversity loss is a priority
to coral reef management authorities, it is essential to begin the process of collecting
species-level data, using that information to choose appropriate indicators or surrogates
(Beier et al., 2015) and adapting monitoring programs to collect additional
complementary data that more effectively informs managers and the public about the
status of biodiversity.

In addition, there are other reporting opportunities. In some cases, existing
photographs and video records could be retrospectively analysed to identify trends for
key species of interest (e.g. giant clams). Moreover, citizen science projects (such as
ReefLife Surveys) hold promise for providing data on charismatic or easily identified
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fauna. For some taxa, estimates of generic diversity (Richards, 2013, Richards ¢ Hobbs,
2014) or functional diversity (Cadotte, 2011; Cernansky, 2017) may be useful and
pragmatic additions to monitoring programs. An additional promising approach is to
audit species composition is through the application of environmental DNA (eDNA)
meta-barcoding technologies. Advances in DNA sequencing technologies and the swift
drop in the cost of sequencing has led to a rapid rise in the applications of eDNA,
particularly in the marine environment (e.g. Foote et al., 2012; Lejzerowicz et al., 2015;
Thomsen et al., 2012; Valentini et al., 2016; Miya et al., 2015). The power and limitations
surrounding eDNA as a tool for marine surveys of diversity, diet, food webs and invasive
species is currently being explored by numerous molecular laboratories. So far it appears
that so long as careful attention is paid to meta-barcoding workflows, assay development
and the development of taxonomically sound reference datasets, eDNA represents a
powerful new tool. eDNA is increasingly being used to evaluate the composition and
health of marine communities (Foote et al., 2012; Murray, Coghlan ¢ Bunce, 2015; Clarke
et al., 2017) including coral reefs (Stat et al., 2017; Shinzato et al., 2018) and may be a
useful complement to traditional monitoring approaches.

CONCLUSION

Most of the threats identified to be harming the diversity of marine life on the GBR over the
last two—three decades remains to be effectively addressed and many are worsening. The
habitat degradation that has already occurred will take decades to reverse and far greater
resources than are currently being expended are required to document and protect
biodiversity on the GBR (Day, 2015; Brodie, 2016). What is urgently required is decisive and
effective conservation action by key leaders to ensure the legal obligations of protecting
biodiversity are met. Establishing sound taxonomic datasets and ensuring biodiversity is
adequately and representatively monitored are urgent prerequisites for achieving efficient
conservation plans and mitigating biodiversity loss ( Wilson, 2016; Troudet et al., 2017;
Thomson et al., 2018). The problem of having a limited understanding of the species that
inhibit our oceans and the threats they face is not restricted to the GBR or Australia (Webb ¢
Mindel, 2015). However, for Australia, the problem could also be an opportunity for best-
practice marine conservation. The changing nature of the GBR necessitates we consider what
additional dynamic approaches to monitoring and reporting are needed to more fully
understand the current status of biodiversity and mitigate the risk that silent extinction events
will occur. Unless more action is taken to evaluate and manage biodiversity and to provide
current and comprehensive assessments of extinction risk (Costello, May & Stork, 2013; Bland
et al., 2015; Costello, 2015), we may fail to pass onto future generations many of the values that
comprise what is universally regarded as the world’s most iconic coral reef ecosystem.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This work was supported by the WA Museum and Woodside Energy and a Curtin
Research Fellowship awarded to Zoe T. Richards. The work was undertaken as part of

Richards and Day (2018), PeerdJ, DOI 10.7717/peet|.4747 15/26


http://dx.doi.org/10.7717/peerj.4747
https://peerj.com/

Peer/

Linkage Project LP160101508. The funders had no role in study design, data collection
and analysis, decision to publish, or preparation of the manuscript.

Grant Disclosures

The following grant information was disclosed by the authors:

WA Museum and Woodside Energy and a Curtin Research Fellowship.
Linkage Project: LP160101508.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions

e Zoe T. Richards conceived and designed the experiments, analysed the data, prepared
figures and/or tables, authored or reviewed drafts of the paper, approved the final draft.

e Jon C. Day prepared figures and/or tables, authored or reviewed drafts of the paper,
approved the final draft.

Data Availability
The following information was supplied regarding data availability:
This research did not generate any data or code.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/
10.7717/peerj.4747#supplemental-information.

REFERENCES

Allen GR, Werner TB. 2002. Coral reef fish assessment in the ‘coral triangle’ of southeastern Asia.
Environmental Biology of Fishes 65:209-214 DOI 10.1023/a:1020093012502.

Alvarez-Filip L, Carricart-Ganivet JP, Horta-Puga G, Iglesias-Prieto R. 2013. Shifts in coral-
assemblage composition do not ensure persistence of reef functionality. Scientific Reports
3(1):3486 DOI 10.1038/srep03486.

Andleman SL, Fagan WFE. 2000. Umbrellas and flagships: efficient conservation surrogates or
expensive mistakes? Proceedings of the National Academy of Sciences of the United States of
America 97(11):5954-5959 DOI 10.1073/pnas.100126797.

Anthony KRN. 2016. Coral reefs under climate change and ocean acidification: challenges and
opportunities for management and policy. Annual Review of Environment and Resources
41(1):59-81 DOI 10.1146/annurev-environ-110615-085610.

Araujo MB, Humphries CJ, Densham PJ, Lampinen R, Hagemeijer WJM, Mitchell-Jones AJ,
Gasc JP. 2001. Would environmental diversity be a good surrogate for species diversity?
Ecography 24(1):103-110 DOI 10.1034/j.1600-0587.2001.240112.x.

Australian Academy of Science. 2015. Reef 2050 long-term sustainability plan—position
statement. Available at hitps://www.science.org.au/supporting-science/science-policy/position-
statements/reef-2050-long-term.

Australian Government. 2015. EPBC act list of threatened fauna. Available at http://www.
environment.gov.au/cgi-bin/sprat/public/publicthreatenedlist.pl (accessed 12 June 2015).

Richards and Day (2018), PeerdJ, DOI 10.7717/peet|.4747 16/26


http://dx.doi.org/10.7717/peerj.4747#supplemental-information
http://dx.doi.org/10.7717/peerj.4747#supplemental-information
http://dx.doi.org/10.1023/a:1020093012502
http://dx.doi.org/10.1038/srep03486
http://dx.doi.org/10.1073/pnas.100126797
http://dx.doi.org/10.1146/annurev-environ-110615-085610
http://dx.doi.org/10.1034/j.1600-0587.2001.240112.x
https://www.science.org.au/supporting-science/science-policy/position-statements/reef-2050-long-term
https://www.science.org.au/supporting-science/science-policy/position-statements/reef-2050-long-term
http://www.environment.gov.au/cgi-bin/sprat/public/publicthreatenedlist.pl
http://www.environment.gov.au/cgi-bin/sprat/public/publicthreatenedlist.pl
http://dx.doi.org/10.7717/peerj.4747
https://peerj.com/

Peer/

Baillie JE, Collen B, Amin R, Akcakaya HR, Butchart SHM, Brummitt N, Meagher TR, Ram M,
Hilton-Taylor C, Mace GM. 2008. Toward monitoring global biodiversity. Conservation Letters
1(1):18-26 DOI 10.1111/§.1755-263x.2008.00009.x.

Beaman RJ. 2012. New light on dark depths: Australia’s Coral Sea landscape. In: 12th International
Coral Reef Symposium, 9—13 July 2012. Cairns: ARC Centre for Coral Reef Studies.

Beier P, Sutcliffe P, Hjort J, Faith DP, Pressey RL, Albuquerque F. 2015. A review of selection-
based tests of abiotic surrogates for species representation. Conservation Biology 29(3):668—679
DOI 10.1111/cobi.12509.

Bell IP, Schwarzkopf L, Manicom C. 2012. High survivorship of an annually decreasing
aggregation of hawksbill turtles, Eretrmochelys imbricata, found foraging in the northern Great
Barrier Reef. Aquatic Conservation: Marine and Freshwater Ecosystems 22(5):673—682
DOI 10.1002/aqc.2245.

Bland LM, Collen B, Orme CDL, Bielby J. 2015. Predicting the conservation status of
data-deficient species. Conservation Biology 29(1):250-259 DOI 10.1111/cobi.12372.

Bottrill MC, Joseph LN, Carwardine ], Bode M, Cook C, Game ET, Grantham H, Kark S,
Linke S, McDonald-Madden E, Pressey RL, Walker S, Wilson KA, Possingham HP. 2008. Is
conservation triage just smart decision making? Trends in Ecology & Evolution 23(12):649—-654
DOI 10.1016/j.tree.2008.07.007.

Bridge T, Beaman R, Done T, Webster J. 2012. Predicting the location and spatial extent of
submerged coral reef habitat in the Great Barrier Reef world heritage area, Australia. PLOS ONE
7(10):e48203 DOI 10.1371/journal.pone.0048203.

Bridge T, Guinotte J. 2012. Mesophotic coral reef ecosystems in the Great Barrier Reef world
heritage area: their potential distribution and possible role as refugia from disturbance,
Research Publication No 109, Great Barrier Reef Marine Park Authority, Townsville. Available at
http://elibrary.gbrmpa.gov.au/jspui/handle/11017/2776.

Brodie J. 2016. Great Barrier Reef report to UN shows the poor progress on water quality. The
Conversation, 2 December 2016. Available at https://theconversation.com/great-barrier-reef-
report-to-un-shows-the-poor-progress-on-water-quality-69779.

Brodie J, Waterhouse J. 2012. A critical review of environmental management of the ‘not so Great’
Barrier Reef. Estuarine, Coastal and Shelf Science 104-105:1-22 DOI 10.1016/j.ecss.2012.03.012.

Bruno JF, Selig ER. 2007. Regional decline of coral cover in the Indo-Pacific: timing, extent, and
subregional comparisons. PLOS ONE 2(8):e711 DOI 10.1371/journal.pone.0000711.

Bruno JF, Selig ER, Casey KS, Page CA, Willis BL, Harvell CD, Sweatman H, Melendy AM. 2007.
Thermal stress and coral cover as drivers of coral disease outbreaks. PLOS Biology 5(6):e124
DOI 10.1371/journal.pbio.0050124.

Bryce C, Bryce M, Radford B. 2018. Project methods and station geomorphology related to a
multi-taxon survey (2009-2014) of the Kimberley. Records of the Western Australian Museum,
Supplement 85(1):1-43 DOI 10.18195/issn.0313-122x.85.2018.001-043.

Bryce M, Sampey A. 2014. Kimberley marine biota. Historical data: soft corals and sea fans
(Octocorallia). Records of the Western Australian Museum, Supplement 84(1):101-110
DOI 10.18195/issn.0313-122x.84.2014.101-110.
Cadotte MW. 2011. The new diversity: management gains through insights into the
functional diversity of communities. Journal of Applied Ecology 48(5):1067—-1069
DOI 10.1111/;.1365-2664.2011.02056.x.
Capa M, Murray A. 2015. A taxonomic guide to the fanworms (Sabellidae, Annelida) of Lizard

Island, Great Barrier Reef, Australia, including new species and new records. Zootaxa
4019(1):98-167 DOI 10.11646/zootaxa.4019.1.8.

Richards and Day (2018), PeerdJ, DOI 10.7717/peet|.4747 17/26


http://dx.doi.org/10.1111/j.1755-263x.2008.00009.x
http://dx.doi.org/10.1111/cobi.12509
http://dx.doi.org/10.1002/aqc.2245
http://dx.doi.org/10.1111/cobi.12372
http://dx.doi.org/10.1016/j.tree.2008.07.007
http://dx.doi.org/10.1371/journal.pone.0048203
http://elibrary.gbrmpa.gov.au/jspui/handle/11017/2776
https://theconversation.com/great-barrier-reef-report-to-un-shows-the-poor-progress-on-water-quality-69779
https://theconversation.com/great-barrier-reef-report-to-un-shows-the-poor-progress-on-water-quality-69779
http://dx.doi.org/10.1016/j.ecss.2012.03.012
http://dx.doi.org/10.1371/journal.pone.0000711
http://dx.doi.org/10.1371/journal.pbio.0050124
http://dx.doi.org/10.18195/issn.0313-122x.85.2018.001-043
http://dx.doi.org/10.18195/issn.0313-122x.84.2014.101-110
http://dx.doi.org/10.1111/j.1365-2664.2011.02056.x
http://dx.doi.org/10.11646/zootaxa.4019.1.8
http://dx.doi.org/10.7717/peerj.4747
https://peerj.com/

Peer/

Carpenter KE, Abrar M, Aeby G, Aronson RB, Banks S, Bruckner A, Chiriboga A, Cortes J,
Delbeek JC, DeVantier L, Edgar GJ, Edwards AJ, Fenner D, Guzman HM, Hoeksema BW,
Hodgson G, Johan O, Licuanan WY, Livingstone SR, Lovell ER, Moore JA, Obura DO,
Ochavillo D, Polidoro BA, Precht WE, Quibilan MC, Reboton C, Richards ZT,

Rogers AD, Sanciangco J, Sheppard A, Sheppard C, Smith J, Stuart S, Turak E,

Veron JEN, Wallace C, Weil E, Wood E. 2008. One-third of reef-building corals face
elevated extinction risk from climate change and local impacts. Science 321(5888):560-563
DOI 10.1126/science.1159196.

Ceccarelli DM, Frisch AJ, Graham NA, Ayling AM, Beger M. 2014. Habitat partitioning and
vulnerability of sharks in the Great Barrier Reef Marine Park. Reviews in Fish Biology and
Fisheries 24(1):169—197 DOI 10.1007/s11160-013-9324-8.

Cernansky R. 2017. Biodiversity moves beyond counting species. Nature 546(7656):22—-24
DOI 10.1038/546022a.

Chabanet P, Ralambondrainy H, Amanieu M, Faure G, Galzin R. 1997. Relationships between
coral reef substrata and fish. Coral Reefs 16(2):93-102 DOI 10.1007/s003380050063.

Chin A, Kyne PM, Walker TI, McAuley R. 2010. An integrated risk assessment for climate change:
analysing the vulnerability of sharks and rays on Australia’s Great Barrier Reef. Global Change
Biology 16(7):1936—1953 DOI 10.1111/j.1365-2486.2009.02128 x.

Clarke L], Beard JM, Swalding KM, Deagle BE. 2017. Effect of marker choice and thermal cycling
protocol on zooplankton DNA metabarcoding studies. Ecology and Evolution 7(3):873—883
DOI 10.1002/ece3.2667.

Commonwealth of Australia. 2015. Reef 2050 long-term sustainability plan. Available at http://
www.environment.gov.au/marine/gbr/publications/reef-2050-long-term-sustainability-plan.

Conand C, Polidoro BA, Mercier A, Gamboa RU, Hamel JE, Purcell SW. 2014. The IUCN red list
assessment of aspidochirotid sea cucumbers and its implications. SPC Beche-de-mer
Information Bulletin 34:3-7.

Cooper TF, De’ath G, Fabricius KE, Lough JM. 2008. Declining coral calcification in massive
Porites in two nearshore regions of the northern Great Barrier Reef. Global Change Biology
14(3):529-538 DOI 10.1111/}.1365-2486.2007.01520.x.

Costello MJ. 2015. Biodiversity: the known, unknown, and rates of extinction. Current Biology
25(9):R368-R371 DOI 10.1016/j.cub.2015.03.051.

Costello MJ, May RM, Stork NE. 2013. Can we name earth’s species before they go extinct? Science
339(6118):413-416 DOI 10.1126/science.1230318.

Dalleau M, Andréfouét S, Wabnitz CC, Payri C, Wantiez L, Pichon M, Friedman KI, Vigliola L,
Benzoni F. 2010. Use of habitats as surrogates of biodiversity for efficient coral reef
conservation planning in Pacific Ocean islands. Conservation Biology 24(2):541-552
DOI 10.1111/j.1523-1739.2009.01394.x.

Day J. 2008. The need and practice of monitoring, evaluating and adapting marine planning and
management—Ilessons from the Great Barrier Reef. Marine Policy 32(5):823-831
DOI 10.1016/j.marpol.2008.03.023.

Day JC. 2015. The Barrier Reef is not listed as in danger, but the threats remain. The Conversation,
30 May 2015. Available at https://theconversation.com/the-barrier-reef-is-not-listed-as-in-danger-
but-the-threats-remain-42548.

Day JC. 2016. The Great Barrier Reef Marine Park—the grandfather of modern MPAs. In:
Fitzsimmons J, Wescott G, eds. Chapter 5 in Big, Bold and Blue: Lessons from Australia’s Marine
Protected Areas. Victoria: CSIRO Publishing, 65-97.

Richards and Day (2018), PeerdJ, DOI 10.7717/peet|.4747 18/26


http://dx.doi.org/10.1126/science.1159196
http://dx.doi.org/10.1007/s11160-013-9324-8
http://dx.doi.org/10.1038/546022a
http://dx.doi.org/10.1007/s003380050063
http://dx.doi.org/10.1111/j.1365-2486.2009.02128.x
http://dx.doi.org/10.1002/ece3.2667
http://www.environment.gov.au/marine/gbr/publications/reef-2050-long-term-sustainability-plan
http://www.environment.gov.au/marine/gbr/publications/reef-2050-long-term-sustainability-plan
http://dx.doi.org/10.1111/j.1365-2486.2007.01520.x
http://dx.doi.org/10.1016/j.cub.2015.03.051
http://dx.doi.org/10.1126/science.1230318
http://dx.doi.org/10.1111/j.1523-1739.2009.01394.x
http://dx.doi.org/10.1016/j.marpol.2008.03.023
https://theconversation.com/the-barrier-reef-is-not-listed-as-in-danger-but-the-threats-remain-42548
https://theconversation.com/the-barrier-reef-is-not-listed-as-in-danger-but-the-threats-remain-42548
http://dx.doi.org/10.7717/peerj.4747
https://peerj.com/

Peer/

De’ath G, Fabricius KE, Sweatman H, Puotinen M. 2012. The 27-year decline of coral cover on
the Great Barrier Reef and its causes. Proceedings of the National Academy of Sciences of the
United States of America 109(44):17995-17999 DOI 10.1073/pnas.1208909109.

De’ath G, Lough JM, Fabricius KE. 2009. Declining coral calcification on the Great Barrier Reef.
Science 323(5910):116—119 DOI 10.1126/science.1165283.

Deloitte Access Economics. 2017. At what price? The economic, social and icon value of the Great
Barrier Reef. Report to the Great Barrier Reef Foundation. Available at https://www2.deloitte.
com/content/dam/Deloitte/au/Documents/Economics/deloitte-au-economics-great-barrier-reef-
230617.pdf (accessed 28 July 2017).

DeVantier LM, De’ath G, Turak E, Done TJ, Fabricius KE. 2006. Species richness and community
structure of reef-building corals on the nearshore Great Barrier Reef. Coral Reefs 25(3):329-340
DOI 10.1007/s00338-006-0115-8.

Dulvy NK, Davidson LN, Kyne PM, Simpfendorfer CA, Harrison LR, Carlson JK. Fordham SV.
2014. Ghosts of the coast: global extinction risk and conservation of sawfishes. Aquatic
Conservation: Marine and Freshwater Ecosystems 26(1):134-153 DOI 10.1002/aqc.2525.

Dulvy NK, Sadovy Y, Reynolds JD. 2003. Extinction vulnerability in marine populations. Fish and
Fisheries 4(1):25-64 DOI 10.1046/j.1467-2979.2003.00105.x.

Eakin CM, Nim CJ, Brainard RE, Aubrecht C, Elvidge C, Gledhill DK, Muller-Karger F,
Mumby PJ, Skirving WJ, Strong AE, Wang M, Weeks S, Wentz F, Ziskin D. 2010. Monitoring
coral reefs from space. Oceanography 23(4):118-133 DOI 10.5670/oceanog.2010.10.

Elfes CT, Livingstone SR, Lane A, Lukoschek V, Sanders KL, Courtney AJ, Gatus JL, Guinea M,
Lobo AS, Milton D, Rasmussen AR. 2013. Fascinating and forgotten: the conservation status of
the world’s sea snakes. Herpetological Conservation & Biology 8:37-52.

Eriksson H, Byrne M. 2013. The sea cucumber fishery in Australia’s Great Barrier Reef Marine
Park follows global patterns of serial exploitation. Fish and Fisheries 16(2):329-341
DOI 10.1111/faf.12059.

Estes JA, Duggins DO, Rathbun GB. 1989. The ecology of extinctions in kelp forest communities.
Conservation Biology 3(3):252-264 DOI 10.1111/j.1523-1739.1989.tb00085.x.

Fabricius KE, De’ath G. 2001. Biodiversity on the Great Barrier Reef: large-scale patterns and
turbidity-related local loss of soft coral taxa. In: In: Wolanski E, ed. Oceanographic Processes of
Coral Reefs, Physical and Biological Links in the Great Barrier Reef. Boca Raton: CRC Press,
127-144.

Fairweather C, McKenna S, Rasheed M. 2011. Long-Term Seagrass Monitoring in the Port of
Mourilyan: November 2010. Cairns: DEEDI Publication, Fisheries Queensland, 27.

Favareau JM, Drew CA, Hess GR, Rubino MJ, Koch FH, Eschelbach KA. 2006.
Recommendations for assessing the effectiveness of surrogate species approaches. Biodiversity
and Conservation 15(12):3949-3969 DOI 10.1007/s10531-005-2631-1.

Fernandes L, Day JC, Lewis A, Slegers S, Kerrigan B, Breen DA, Cameron D, Jago B, Hall J,
Lowe D, Innes J, Tanzer J, Chadwick V, Thompson L, Gorman K, Simmons M, Barnett B,
Sampson K, De’ath G, Mapstone B, Marsh H, Possingham H, Ball I, Ward T, Dobbs K,
Aumend J, Slater D, Stapleton K. 2005. Establishing representative no-take areas in the Great
Barrier Reef: large-scale implementation of theory on marine protected areas. Conservation
Biolog)/ 19(6):1733-1744 DOI 10.1111/;.1523-1739.2005.00302.x.

Ferraro PJ, Pattanayak SK. 2006. Money for nothing? A call for empirical evaluation

of biodiversity conservation investments. PLOS Biology 4(4):e105
DOI 10.1371/journal.pbio.0040105.

Richards and Day (2018), PeerdJ, DOI 10.7717/peet|.4747 19/26


http://dx.doi.org/10.1073/pnas.1208909109
http://dx.doi.org/10.1126/science.1165283
https://www2.deloitte.com/content/dam/Deloitte/au/Documents/Economics/deloitte-au-economics-great-barrier-reef-230617.pdf
https://www2.deloitte.com/content/dam/Deloitte/au/Documents/Economics/deloitte-au-economics-great-barrier-reef-230617.pdf
https://www2.deloitte.com/content/dam/Deloitte/au/Documents/Economics/deloitte-au-economics-great-barrier-reef-230617.pdf
http://dx.doi.org/10.1007/s00338-006-0115-8
http://dx.doi.org/10.1002/aqc.2525
http://dx.doi.org/10.1046/j.1467-2979.2003.00105.x
http://dx.doi.org/10.5670/oceanog.2010.10
http://dx.doi.org/10.1111/faf.12059
http://dx.doi.org/10.1111/j.1523-1739.1989.tb00085.x
http://dx.doi.org/10.1007/s10531-005-2631-1
http://dx.doi.org/10.1111/j.1523-1739.2005.00302.x
http://dx.doi.org/10.1371/journal.pbio.0040105
http://dx.doi.org/10.7717/peerj.4747
https://peerj.com/

Peer/

Foote AD, Thomsen PF, Sveegaard S, Wahlberg M, Kielgast J, Kyhn LA, Salling AB, Galatius A,
Orlando L, Gilbert MT. 2012. Investigating the potential use of environmental DNA
(eDNA) for genetic monitoring of marine mammals. PLOS ONE 7(8):e41781
DOI 10.1371/journal.pone.0041781.

Fromont J, Sampey A. 2014. Kimberley marine biota. Historical data: sponges (Porifera).
Records of the Western Australian Museum, Supplement 84(1):69—100
DOI 10.18195/issn.0313-122x.84.2014.069-100.

Gardner TA, Barlow J, Araujo IS, Avila-Pires TC, Bonaldo AB, Costa JE, Esposito MC,
Ferreira LV, Hawes J, Hernandez MI, Hoogmoed MS, Leite RN, Lo-Man-Hung NF,
Malcolm JR, Martins MB, Mestre LAM, Miranda-Santos R, Overal WL, Parry L, Peters SL,
Ribeiro-Junior MA, Da Silva MNFE, Da Silva Motta C, Peres CA. 2008. The cost-effectiveness
of biodiversity surveys in tropical forests. Ecology Letters 11(2):139-150
DOI 10.1111/j.1461-0248.2007.01133.x.

Gaston KJ. 1998. Biodiversity. In: Sutherland WJ, ed. Conservation Science and Action. Malden:
Blackwell Science Ltd, 1-19.

GBRMPA. 2009. Great Barrier Reef outlook report 2009. Great Barrier Reef Marine Park
Authority, Townsville. Available at http://www.gbrmpa.gov.au/__data/assets/pdf file/0018/3843/
OutlookReport_Full.pdf.

GBRMPA. 2013a. Great Barrier Reef biodiversity conservation strategy 2013, Great Barrier Reef
Marine Park Authority, Townsville. Available at http://elibrary.gbrmpa.gov.au/jspui/bitstream/
11017/2787/1/GBR%20BCS%2029%20April%202013_BD2_MAR.pdyf.

GBRMPA. 2013b. Fitzroy Basin Assessment, Fitzroy Basin Association Natural Resource
Management region: Assessment of ecosystem services within the Fitzroy Basin focusing on
understanding and improving the health and resilience of the Great Barrier Reef, Great Barrier
Reef Marine Park Authority, Townsville. Available at http://elibrary.gbrmpa.gov.au/jspui/handle/
11017/2896.

GBRMPA. 2014a. Great Barrier Reef outlook report 2014. Great Barrier Reef Marine Park
Authority, Townsville. Available at http://elibrary.gbrmpa.gov.au/jspui/handle/11017/2855.

GBRMPA. 2014b. Great Barrier Reef region strategic assessment: strategic assessment report 2014.
Great Barrier Reef Marine Park Authority, Townsville. Available at http://www.gbrmpa.gov.au/
managing-the-reef/strategic-assessment.

Great Barrier Reef Marine Park Act. 1975. Available at http://www.gbrmpa.gov.au/about-us/
legislation-regulations-and-policies/legislation.

Griffin JN, O’Gorman EJ, Emmerson MC, Jenkins SR, Klein A-M, Loreau M, Symstad A. 2009.
Biodiversity and the stability of ecosystem functioning. In: Naeem S, Bunker D, Hector A,
Loreau M, Perrings C, eds. Biodiversity, Ecosystem Functioning, and Human Wellbeing: An
Ecological and Economic Perspective. Oxford: Oxford University Press, 78-93.

Hamann M, Chin A. 2015. We’ve only monitored a fraction of the Great Barrier Reef’s species.
The Conversation, 28 May 2015. Available at http://theconversation.com/weve-only-monitored-a-
fraction-of-the-barrier-reefs-species-39382.

Harris PT, Bridge TCL, Beaman RJ, Webster JM, Nichol SL, Brooke BP. 2013. Submerged banks
in the Great Barrier Reef, Australia, greatly increase available coral reef habitat. ICES Journal of
Marine Science 70(2):284-293 DOI 10.1093/icesjms/fss165.

Hooper DU, Adair EC, Cardinale BJ, Byrnes JE, Hungate BA, Matulich KL, Gonzalez A,
Dufty JE, Gamfeldt L, O’Connor MI. 2012. A global synthesis reveals biodiversity loss as a
major driver of ecosystem change. Nature 486(7401):105-108 DOI 10.1038/naturel1118.

Richards and Day (2018), PeerdJ, DOI 10.7717/peet|.4747 20/26


http://dx.doi.org/10.1371/journal.pone.0041781
http://dx.doi.org/10.18195/issn.0313-122x.84.2014.069-100
http://dx.doi.org/10.1111/j.1461-0248.2007.01133.x
http://www.gbrmpa.gov.au/__data/assets/pdf_file/0018/3843/OutlookReport_Full.pdf
http://www.gbrmpa.gov.au/__data/assets/pdf_file/0018/3843/OutlookReport_Full.pdf
http://elibrary.gbrmpa.gov.au/jspui/bitstream/11017/2787/1/GBR%20BCS%2029%20April%202013_BD2_MAR.pdf
http://elibrary.gbrmpa.gov.au/jspui/bitstream/11017/2787/1/GBR%20BCS%2029%20April%202013_BD2_MAR.pdf
http://elibrary.gbrmpa.gov.au/jspui/handle/11017/2896
http://elibrary.gbrmpa.gov.au/jspui/handle/11017/2896
http://elibrary.gbrmpa.gov.au/jspui/handle/11017/2855
http://www.gbrmpa.gov.au/managing-the-reef/strategic-assessment
http://www.gbrmpa.gov.au/managing-the-reef/strategic-assessment
http://www.gbrmpa.gov.au/about-us/legislation-regulations-and-policies/legislation
http://www.gbrmpa.gov.au/about-us/legislation-regulations-and-policies/legislation
http://theconversation.com/weve-only-monitored-a-fraction-of-the-barrier-reefs-species-39382
http://theconversation.com/weve-only-monitored-a-fraction-of-the-barrier-reefs-species-39382
http://dx.doi.org/10.1093/icesjms/fss165
http://dx.doi.org/10.1038/nature11118
http://dx.doi.org/10.7717/peerj.4747
https://peerj.com/

Peer/

Hooper JN, Van Soest RW. 2006. A new species of Amphimedon (Porifera, Demospongiae,
Haplosclerida, Niphatidae) from the Capricorn-Bunker group of Islands, Great Barrier Reef,
Australia: target species for the ‘sponge genome project’. Zootaxa 1314:31-39.

Hosie AM, Sampey A, Davie PJ, Jones DS. 2015. Kimberley marine biota. Historical data:
crustaceans. Records of the Western Australian Museum, Supplement 84(1):247-285
DOI 10.18195/issn.0313-122x.84.2015.247-285.

Hughes TP, Anderson KD, Connolly SR, Heron SF, Kerry JT, Lough JM, Baird AH, Baum JK,
Berumen ML, Bridge TC, Claar DC, Eakin CM, Gilmour JP, Graham NAJ, Harrison H,
Hobbs J-PA, Hoey AS, Hoogenboom M, Lowe R], McCulloch MT, Pandolfi JM, Pratchett M,
Schoepf V, Torda G, Wilson SK. 2018. Spatial and temporal patterns of mass bleaching of
corals in the Anthropocene. Science 359(6371):80-83 DOI 10.1126/science.aan8048.

Hughes TP, Day JC, Brodie J. 2015. Securing the future of the Great Barrier Reef. Nature Climate
Change 5(6):508-511 DOI 10.1038/nclimate2604.

Hughes TP, Graham NA, Jackson JBC, Mumby PJ, Steneck RS. 2010. Rising to the challenge
of sustaining coral reef resilience. Trends in Ecology ¢ Evolution 25(11):633—642
DOI 10.1016/j.tree.2010.07.011.

Hughes TP, Kerry JT, Alvarez—Noriega M, Alvarez-Romero JG, Anderson KD, Baird AH,
Babcock RC, Beger M, Bellwood DR, Berkelmans R, Bridge TC, Butler IR, Byrne M,
Cantin NE, Comeau S, Connolly SR, Cumming GS, Dalton SJ, Diaz-Pulido G, Eakin CM,
Figueira WF, Gilmour JP, Harrison HB, Heron SF, Hoey AS, Hobbs J-PA, Hoogenboom MO,
Kennedy EV, Kuo C-Y, Lough JM, Lowe RJ, Liu G, McCulloch MT, Malcolm HA,
McWilliam MJ, Pandolfi JM, Pears RJ, Pratchett MS, Schoepf V, Simpson T, Skirving WJ,
Sommer B, Torda G, Wachenfeld DR, Willis BL, Wilson SK. 2017. Global warming and
recurrent mass bleaching of corals. Nature 543(7645):373-377 DOI 10.1038/nature21707.

Huisman JM, Sampey A. 2014. Kimberley marine biota. Historical data: marine plants.

Records of the Western Australian Museum, Supplement 84(1):45-67
DOI 10.18195/issn.0313-122x.84.2014.045-067.

Humphries CJ, Williams PH, Vane-Wright RI. 1995. Measuring biodiversity value for
conservation. Annual Review of Ecology and Systematics 26(1):93-111
DOI 10.1146/annurev.ecolsys.26.1.93.

Hunter JA, Cribb TH. 2012. A cryptic complex of species related to Transversotrema licinum
Manter, 1970 from fishes of the Indo-West Pacific, including descriptions of ten new species of
Transversotrema Witenberg, 1944 (Digenea: Transversotrematidae). Zootaxa 3176:1-44.

Hunter M, Westgate M, Barton P, Calhoun A, Pierson J, Tulloch A, Beger M, Branquinho C,
Caro T, Gross J, Heino J, Lane P, Longo C, Martin K, McDowell WH, Mellin C, Salo H,
Lindenmayer D. 2016. Two roles for ecological surrogacy: indicator surrogates and
management surrogates. Ecological Indicators 63:121-125 DOI 10.1016/j.ecolind.2015.11.049.

Hutchings P, Glasby C, Capa M, Sampey A. 2014. Kimberley marine biota. Historical data:
polychaetes (Annelida). Records of the Western Australian Museum, Supplement 84(1):133—159
DOI 10.18195/issn.0313-122x.84.2014.133-159.

Hutchings P, Kingsford M, Hoegh-Guldberg O. 2008. The Great Barrier Reef: Biology,
Environment and Management. Collingwood: CSIRO Publishing.

James A, Gaston K]J, Balmford A. 2001. Can we afford to conserve biodiversity? BioScience
51(1):43-52 DOI 10.1641/0006-3568(2001)051[0043:CWATCB]2.0.CO;2.

IUCN. 2015. The IUCN red list of threatened species. Version 2015-4. Available at
http://www.iucnredlist.org.

Richards and Day (2018), PeerdJ, DOI 10.7717/peet|.4747 21/26


http://dx.doi.org/10.18195/issn.0313-122x.84.2015.247-285
http://dx.doi.org/10.1126/science.aan8048
http://dx.doi.org/10.1038/nclimate2604
http://dx.doi.org/10.1016/j.tree.2010.07.011
http://dx.doi.org/10.1038/nature21707
http://dx.doi.org/10.18195/issn.0313-122x.84.2014.045-067
http://dx.doi.org/10.1146/annurev.ecolsys.26.1.93
http://dx.doi.org/10.1016/j.ecolind.2015.11.049
http://dx.doi.org/10.18195/issn.0313-122x.84.2014.133-159
http://dx.doi.org/10.1641/0006-3568(2001)051[0043:CWATCB]2.0.CO;2
http://www.iucnredlist.org
http://dx.doi.org/10.7717/peerj.4747
https://peerj.com/

Peer/

Legg CJ, Nagy L. 2006. Why most conservation monitoring is, but need not be, a waste of time.
Journal of Environmental Management 78(2):194-199 DOI 10.1016/j.jenvman.2005.04.016.

Lejzerowicz F, Esling P, Pillet LL, Wilding TA, Black KD, Pawlowski J. 2015. High-throughput
sequencing and morphology perform equally well for benthic monitoring of marine
ecosystems. Scientific Reports 5(1):13932 DOI 10.1038/srep13932.

Lopez-Cabrera FJ, Puga-Bernabéu A, Webster JM, Beaman RJ. 2016. Morphometric analysis of
the submarine landslides in the central Great Barrier Reef margin, north-eastern Australia.
GEOGACETA 60:43-46.

Loreau M, de Mazancourt C. 2013. Biodiversity and ecosystem stability: a synthesis of underlying
mechanisms. Ecology Letters 16:106—115 DOI 10.1111/ele.12073.

Lucas PHC, Webb T, Valentine PS, Marsh H. 1997. The outstanding universal value of the Great
Barrier Reef world heritage area. Great Barrier Reef Marine Park Authority. Available at http://
elibrary.gbrmpa.gov.au/jspui/handle/11017/301.

Marsh H, De’ath G, Gribble NA, Lane B. 2001. Shark control records hindcast serious decline in
dugong numbers off the urban coast of Queensland. Great Barrier Reef Marine Park Authority,
Townsville. Available at hitp://elibrary.gbrmpa.gov.au/jspui/handle/11017/350.

McCook LJ, Almany GR, Berumen ML, Day JC, Green AL, Jones GP, Leis JM, Planes S, Russ GR,
Sale PF, Thorrold SR. 2009. Management under uncertainty: guide-lines for incorporating
connectivity into the protection of coral reefs. Coral Reefs 28(2):353-366
DOI 10.1007/s00338-008-0463-7.

McKenzie LJ, Collier C, Waycott M. 2015. Reef Rescue Marine Monitoring Program: Inshore
seagrass. Annual report for the sampling period Ist July 2012-31st May 2013, TropWATER,
James Cook University, Cairns. Available at http://elibrary.gbrmpa.gov.au/jspui/handle/11017/
2970.

McNeil MA, Webster JM, Beaman R]J, Graham TL. 2016. New constraints on the spatial
distribution and morphology of the Halimeda bioherms of the Great Barrier Reef, Australia.
Coral Reefs 35(4):1343-1355 DOI 10.1007/s00338-016-1492-2.

Miller TL, Downie AJ. 2009. Morphological disparity despite genetic similarity; new species of
Lobosorchis Miller & Cribb, 2005 (Digenea: Cryptogonimidae) from the Great Barrier Reef and
the Maldives. Zootaxa 1992:37-52.

Miya M, Sato Y, Fukunaga T, Sado T, Poulsen JY, Sato K, Minamoto T, Yamamoto S,
Yamanaka H, Araki H, Kondoh M, Iwasaki W. 2015. Mifish, a set of universal PCR primers
for metabarcoding environmental DNA from fishes: detection of more than 230 subtropical
marine species. Royal Society Open Science 2(7):150088 DOI 10.1098/rs0s.150088.

Moore G, Morrison S, Hutchins JB, Allen GR, Sampey A. 2015. Kimberley marine biota.
Historical data: fishes. Records of the Western Australian Museum, Supplement 84(1):161-206
DOI 10.18195/issn.0313-122x.84.2014.161-206.

Moore JL, Runge MC. 2012. Combining structured decision making and value-of-information
analyses to identify robust management strategies. Conservation Biology 26(5):810-820
DOI 10.1111/j.1523-1739.2012.01907.x.

Murray DC, Coghlan ML, Bunce M. 2015. From benchtop to desktop: important considerations
when designing amplicon sequencing workflows. PLOS ONE 10(4):e0124671
DOI 10.1371/journal.pone.0124671.

Myers R, Ottensmeyer A. 2005. Extinction risk in marine species. In: Norse EA, Crowder LB, eds.

Marine Conservation Biology: The Science of Maintaining the Sea’s Biodiversity.
Washington, D.C.: Island Press, 470.

Richards and Day (2018), PeerdJ, DOI 10.7717/peet|.4747 22/26


http://dx.doi.org/10.1016/j.jenvman.2005.04.016
http://dx.doi.org/10.1038/srep13932
http://dx.doi.org/10.1111/ele.12073
http://elibrary.gbrmpa.gov.au/jspui/handle/11017/301
http://elibrary.gbrmpa.gov.au/jspui/handle/11017/301
http://elibrary.gbrmpa.gov.au/jspui/handle/11017/350
http://dx.doi.org/10.1007/s00338-008-0463-7
http://elibrary.gbrmpa.gov.au/jspui/handle/11017/2970
http://elibrary.gbrmpa.gov.au/jspui/handle/11017/2970
http://dx.doi.org/10.1007/s00338-016-1492-2
http://dx.doi.org/10.1098/rsos.150088
http://dx.doi.org/10.18195/issn.0313-122x.84.2014.161-206
http://dx.doi.org/10.1111/j.1523-1739.2012.01907.x
http://dx.doi.org/10.1371/journal.pone.0124671
http://dx.doi.org/10.7717/peerj.4747
https://peerj.com/

Peer/

Nichols JD, Williams BK. 2006. Monitoring for conservation. Trends in Ecology ¢ Evolution
21(12):668-673 DOI 10.1016/j.tree.2006.08.007.

Nystrom M, Graham NAJ, Lokrantz J, Norstrom AV. 2008. Capturing the cornerstones
of coral reef resilience: linking theory to practice. Coral Reefs 27(4):795-809
DOI 10.1007/s00338-008-0426-z.

Osborne K, Dolman AM, Burgess SC, Johns KA. 2011. Disturbance and the dynamics
of coral cover on the Great Barrier Reef (1995-2009). PLOS ONE 6(3):e17516
DOI 10.1371/journal.pone.0017516.

Pereira HM, Leadley PW, Proenga V, Alkemade R, Scharlemann JPW, Fernandez-Manjarrés JF,
Araudjo MB, Balvanera P, Biggs R, Cheung WWL, Chini L, Cooper HD, Gilman EL,
Guénette S, Hurtt GC, Huntington HP, Mace GM, Oberdorff T, Revenga C, Rodrigues P,
Scholes RJ, Sumaila UR, Walpole M. 2010. Scenarios for global biodiversity in the 21st century.
Science 330(6010):1496—1501 DOI 10.1126/science.1196624.

Perrings C, Naeem S, Ahrestani FS, Bunker DE, Burkill P, Canziani G, Elmqvist T, Fuhrman JA,
Jaksic FM, Kawabata ZI, Kinzig A, Mace GM, Mooney H, Prieur-Richard A-H, Tschirhart J,
Weisser W. 2011. Ecosystem services, targets, and indicators for the conservation and
sustainable use of biodiversity. Frontiers in Ecology and the Environment 9(9):512-520
DOI 10.1890/100212.

Perry CT, Edinger EN, Kench PS, Murphy GN, Smithers SG, Steneck RS, Mumby PJ. 2012.
Estimating rates of biologically driven coral reef framework production and erosion: a new
census-based carbonate budget methodology and applications to the reefs of Bonaire. Coral
Reefs 31(3):853-868 DOI 10.1007/500338-012-0901-4.

Perry CT, Smithers SG, Kench PS, Pears B. 2014. Impacts of Cyclone Yasi on nearshore,
terrigenous sediment-dominated reefs of the central Great Barrier Reef, Australia.
Geomorphology 222:92-105 DOI 10.1016/j.geomorph.2014.03.012.

Pitcher CR, Doherty PJ, Arnold P, Hooper JNA, Gribble N. 2007. Seabed biodiversity on the
continental shelf of the Great Barrier Reef World Heritage Area. AIMS/CSIRO/QM/QDPI Final
Report to CRC Reef Research, 320. Available at http://epubs.aims.gov.au/handle/11068/7785;
jsessionid=1451EAA5BF1D7937A0F97D3796BA12AA.

Pocock C. 2002. Sense matters: aesthetic values of the Great Barrier Reef. International Journal of
Heritage Studies 8(4):365-381 DOI 10.1080/1352725022000037191g.

Pressey RL. 2004. Conservation planning and biodiversity: assembling the best data for the job.
Conservation Biology 18(6):1677—-1681 DOI 10.1111/j.1523-1739.2004.00434.x.

Purcell SW, Polidoro BA, Hamel JF, Gamboa RU, Mercier A. 2014. The cost of being valuable:
predictors of extinction risk in marine invertebrates exploited as luxury seafood. Proceedings of
the Royal Society B: Biological Sciences 281(1781):20133296 DOI 10.1098/rspb.2013.3296.

Richards ZT. 2013. A comparison of proxy performance in coral biodiversity monitoring.

Coral Reefs 32(1):287-292 DOI 10.1007/s00338-012-0963-3.

Richards ZT, Hobbs JPA. 2014. Predicting coral species richness: the effect of input variables,

diversity and scale. PLOS ONE 9(1):e83965 DOI 10.1371/journal.pone.0083965.

Richards Z, Sampey A, Marsh L. 2014. Kimberley marine biota. Historical data: scleractinian
corals. Records of the Western Australian Museum, Supplement 84(1):111-132
DOI 10.18195/issn.0313-122x.84.2014.111-132.

Rodrigues ASL, Brooks TM. 2007. Shortcuts for biodiversity conservation planning: the

effectiveness of surrogates. Annual Review of Ecology, Evolution, and Systematics 38(1):713-737
DOI 10.1146/annurev.ecolsys.38.091206.095737.

Richards and Day (2018), PeerdJ, DOI 10.7717/peet|.4747 23/26


http://dx.doi.org/10.1016/j.tree.2006.08.007
http://dx.doi.org/10.1007/s00338-008-0426-z
http://dx.doi.org/10.1371/journal.pone.0017516
http://dx.doi.org/10.1126/science.1196624
http://dx.doi.org/10.1890/100212
http://dx.doi.org/10.1007/s00338-012-0901-4
http://dx.doi.org/10.1016/j.geomorph.2014.03.012
http://epubs.aims.gov.au/handle/11068/7785;jsessionid=1451EAA5BF1D7937A0F97D3796BA12AA
http://epubs.aims.gov.au/handle/11068/7785;jsessionid=1451EAA5BF1D7937A0F97D3796BA12AA
http://dx.doi.org/10.1080/1352725022000037191g
http://dx.doi.org/10.1111/j.1523-1739.2004.00434.x
http://dx.doi.org/10.1098/rspb.2013.3296
http://dx.doi.org/10.1007/s00338-012-0963-3
http://dx.doi.org/10.1371/journal.pone.0083965
http://dx.doi.org/10.18195/issn.0313-122x.84.2014.111-132
http://dx.doi.org/10.1146/annurev.ecolsys.38.091206.095737
http://dx.doi.org/10.7717/peerj.4747
https://peerj.com/

Peer/

Roth CH, Addison J, Anthony K, Dale A, Eberhard R, Hobday A, Horner NJ, Jarvis D, Kroon K,
Stone-Jovicich S, Walshe T. 2017. Reef 2050 Plan Review Options. Final Report Submitted to the
Department of the Environment and Energy. Canberra: CSIRO.

Ryan N, Richards Z, Hobbs JP. 2014. Optimal monitoring of coral biodiversity at Christmas
Island. Raffles Bulletin of Zoology 30:399-405.

Runge MC, Converse SJ, Lyons JE. 2011. Which uncertainty? Using expert elicitation and
expected value of information to design an adaptive program. Biological Conservation
144(4):1214-1223 DOI 10.1016/j.biocon.2010.12.020.

Sadovy de Mitcheson Y, Craig MT, Bertoncini AA, Carpenter KE, Cheung WW, Choat JH,
Cornish AS, Fennessy ST, Ferreira BP, Heemstra PC, Liu M, Myers RF, Pollard DA,
Rhodes KL, Rocha LA, Russell BC, Samoilys MA, Sanciangco J. 2013. Fishing groupers
towards extinction: a global assessment of threats and extinction risks in a billion dollar fishery.
Fish and Fisheries 14(2):119-136 DOI 10.1111/j.1467-2979.2011.00455.x.

Sampey A, Marsh LM. 2015. Kimberley marine biota. Historical data: echinoderms.
Records of the Western Australian Museum, Supplement 84(1):207-246
DOI 10.18195/issn.0313-122x.84.2015.207-246.

Schmidt-Roach S, Lundgren P, Miller K]J, Gerlach G, Noreen AM, Andreakis N. 2013. Assessing
hidden species diversity in the coral Pocillopora damicornis from Eastern Australia. Coral Reefs
32(1):161-172 DOI 10.1007/s00338-012-0959-7.

Schmidt-Roach S, Miller KJ, Andreakis N. 2013. Pocillopora aliciae: a new species of scleractinian
coral (Scleractinia, Pocilloporidae) from subtropical Eastern Australia. Zootaxa
3626(4):576-582 DOI 10.11646/zootaxa.3626.4.11.

Shinzato C, Zayasu Y, Kanda M, Kawamitsu M, Satoh N, Yamashita H, Suzuki G. 2018. Using
seawater to document coral-zoothanthella diversity: a new approach to coral reef monitoring
using environmental DNA. Frontiers in Marine Science 5:28 DOI 10.3389/fmars.2018.00028.

Sobtzick S, Hagihara R, Grech A, Marsh H. 2012. Aerial survey of the urban coast of Queensland
to evaluate the response of the dugong population to the widespread effects of the extreme
weather events of the summer of 2010-11, Final report to the Australian Marine Mammal
Centre and the National Environmental Research Program. Townsville: James Cook University.
Available at http://www.nerptropical.edu.au/publication/project-12-technical-report-aerial-
survey-urban-coast-queensland-evaluate-response.

Stachowicz JJ, Bruno JE, Duffy JE. 2007. Understanding the effects of marine biodiversity
on communities and ecosystems. Annual Review of Ecology, Evolution, and Systematics
38(1):739-766 DOI 10.1146/annurev.ecolsys.38.091206.095659.

Stat M, Huggett MJ, Bernasconi R, DiBattista ], Berry TE, Newman SJ, Harvey ES, Bunce M.
2017. Ecosystem biomonitoring with eDNA: metabarcoding across the tree of life in a tropical
marine environment. Scientific Reports 7(1):12240 DOI 10.1038/s41598-017-12501-5.

Stem C, Margoluis R, Salafsky N, Brown M. 2005. Monitoring and evaluation in
conservation: a review of trends and approaches. Conservation Biology 19(2):295-309
DOI 10.1111/j.1523-1739.2005.00594.x.

Stoeckl N, Hicks CC, Mills M, Fabricius K, Esparon M, Kroon F, Kaur K,
Costanza R. 2011. The economic value of ecosystem services in the Great Barrier Reef:
our state of knowledge. Annals of the New York Academy of Sciences 1219(1):113-133
DOI 10.1111/j.1749-6632.2010.05892.x.
Sutcliffe PR, Hooper JN, Pitcher CR. 2010. The most common sponges on the Great Barrier Reef
seabed, Australia, include species new to science (Phylum Porifera). Zootaxa 2616:1-30.

Richards and Day (2018), PeerdJ, DOI 10.7717/peet|.4747 24/26


http://dx.doi.org/10.1016/j.biocon.2010.12.020
http://dx.doi.org/10.1111/j.1467-2979.2011.00455.x
http://dx.doi.org/10.18195/issn.0313-122x.84.2015.207-246
http://dx.doi.org/10.1007/s00338-012-0959-z
http://dx.doi.org/10.11646/zootaxa.3626.4.11
http://dx.doi.org/10.3389/fmars.2018.00028
http://www.nerptropical.edu.au/publication/project-12-technical-report-aerial-survey-urban-coast-queensland-evaluate-response
http://www.nerptropical.edu.au/publication/project-12-technical-report-aerial-survey-urban-coast-queensland-evaluate-response
http://dx.doi.org/10.1146/annurev.ecolsys.38.091206.095659
http://dx.doi.org/10.1038/s41598-017-12501-5
http://dx.doi.org/10.1111/j.1523-1739.2005.00594.x
http://dx.doi.org/10.1111/j.1749-6632.2010.05892.x
http://dx.doi.org/10.7717/peerj.4747
https://peerj.com/

Peer/

Sutcliffe PR, Pitcher CR, Caley MJ, Possingham HP. 2012. Biological surrogacy in tropical seabed
assemblages fails. Ecological Applications 22(6):1762—1771 DOI 10.1890/11-0990.1.

Thomsen PF, Kielgast J, Iversen LL, Moller PR, Rasmussen M, Willerslev E. 2012. Detection
of a diverse marine fish fauna using environmental DNA from seawater samples. PLOS ONE
7(8):e41732 DOI 10.1371/journal.pone.0041732.

Thomson SA, Pyle RL, Ahyong ST, Alonso-Zarazaga M, Ammirati J, Araya JF, Ascher JS,
Audisio TL, Azevedo-Santos VM, Bailly N, Baker WJ, Balke M, Barclay MVL, Barrett RL,
Benine RC, Bickerstaf JRM, Bouchard P, Bour R, Bourgoin T, Boyko CB, Breure ASH,
Brothers DJ, Byng JW, Campbell D, Ceriaco LMP, Cernak I, Cerretti P, Chang CH, Cho S,
Copus JM, Costello M]J, Cseh A, Csuzdi C, Culham A, D’Elia G, d’Udekem d’Acoz C,
Daneliya ME, Dekker R, Dickinson EC, Dickinson TA, van Dijk PP, Dijkstra KDB, Dima B,
Dmitriev DA, Duistermaat L, Dumbacher JP, Eiserhardt WL, Ekrem T, Evenhuis NL, Faille A,
Fernandez-Triana JL, Fiesler E, Fishbein M, Fordham BG, Freitas AVL, Friol NR, Fritz U,
Froslev T, Funk VA, Gaimari SD, Garbino GST, Garraffoni ARS, Geml J, Gill AC, Gray A,
Grazziotin FG, Greenslade P, Gutiérrez EE, Harvey MS, Hazevoet CJ, He K, He X, Helfer S,
Helgen KM, van Heteren AH, Garcia FH, Holstein N, Horvath MK, Hovenkamp PH, Hwang
WS, Hyvonen J, Islam MB, Iverson JB, Ivie MA, Jaafar Z, Jackson MD, Jayat JP, Johnson NF,
Kaiser H, Klitgard BB, Knapp DG, Kojima J, Koljalg U, Kontschan J, Krell FT, Krisai-
Greilhuber I, Kullander S, Latella L, Lattke JE, Lencioni V, Lewis GP, Lhano MG, Lujan NK,
Luksenburg JA, Mariaux J, Marinho-Filho J, Marshall CJ, Mate JF, McDonough MM, Michel E,
Miranda VFO, Mitroiu MD, Molinari J, Monks S, Moore AJ, Moratelli R, Muranyi D,
Nakano T, Nikolaeva S, Noyes J, Ohl N, Oleas NH, Orrell T, Pal Gergely B, Pape T, Papp V,
Parenti KR, Patterson D, Pavlinov IT, Pine RH, Poczai P, Prado J, Prathapan D, Rabeler RK,
Randall JE, Rheindt FE, Rhodin AG]J, Rodriguez SM, Rogers DC, Roque FdO, Rowe KC,
Ruedas LA, Salazar-Bravo J, Salvador RB, Sangster G, Sarmiento CE, Schigel DS, Schmidt S,
Schueler FW, Segers H, Snow N, Souza-Dias PGB, Stals R, Stenroos S, Stone RD, Sturm CF,
étys P, Teta P, Thomas DC, Timm RM, Tindall BJ, Todd JA, Triebel D, Valdecasas AG,
Vizzini A, Vorontsova MS, de Vos JM, Wagner P, Watling L, Weakley A, Welter-Schultes F,
Whitmore D, Wilding N, Will K, Williams J, Wilson K, Winston JE, Wiister W, Yanega D,
Yeates DK, Zaher H, Zhang G, Zhang Z-Q, Zhou H-Z. 2018. Taxonomy based on science is
necessary for global conservation. PLOS Biology 16(3):€2005075
DOI 10.1371/journal.pbio.2005075.

Troudet J, Grandcolas P, Blin A, Vignes-Lebbe R, Legendre F. 2017. Taxonomic
bias in biodiversity data and societal preferences. Scientific Reports 7(1):9132
DOI 10.1038/541598-017-09084-6.

United Nations Educational, Scientific and Cultural Organisation. 1981. Outstanding universal
value of the Great Barrier Reef. Available at http://whc.unesco.org/en/list/154.

Valentini A, Taberlet P, Miaud C, Civade R, Herder J, Thomsen PF, Bellemain E, Besnard A,
Coissac E, Boyer F, Gaboriaud C, Jean P, Poulet N, Roset N, Copp GH, Geniez P, Pont D,
Argillier C, Baudoin J-M, Peroux T, Crivelli AJ, Olivier A, Acqueberge M, Le Brun M,
Meoller PR, Willerslev E, Dejean T. 2016. Next-generation monitoring of aquatic biodiversity
using environmental DNA metabarcoding. Molecular Ecology 25(4):929-942
DOI 10.1111/mec.13428.

Vellend M, Lilley PL, Starzomski BM. 2008. Using subsets of species in biodiversity surveys.
Journal of Applied Ecology 45(1):161-169 DOI 10.1111/j.1365-2664.2007.01413 x.

Webb TJ, Mindel BL. 2015. Global patterns of extinction risk in marine and non-marine systems.
Current Biology 25(4):506-511 DOI 10.1016/j.cub.2014.12.023.

Richards and Day (2018), PeerdJ, DOI 10.7717/peet|.4747 25/26


http://dx.doi.org/10.1890/11-0990.1
http://dx.doi.org/10.1371/journal.pone.0041732
http://dx.doi.org/10.1371/journal.pbio.2005075
http://dx.doi.org/10.1038/s41598-017-09084-6
http://whc.unesco.org/en/list/154
http://dx.doi.org/10.1111/mec.13428
http://dx.doi.org/10.1111/j.1365-2664.2007.01413.x
http://dx.doi.org/10.1016/j.cub.2014.12.023
http://dx.doi.org/10.7717/peerj.4747
https://peerj.com/

Peer/

Willan RC, Bryce C, Slack-Smith SM. 2015. Kimberley marine biota. Historical data:
molluscs. Records of the Western Australian Museum, Supplement 84(1):287—-343
DOI 10.18195/issn.0313-122x.84.2015.287-343.

Wilson EO. 2016. Half-Earth: Our Planet’s Fight for Life. New York: WW Norton & Company.

Wilson HB, Joseph LN, Moore AL, Possingham HP. 2011. When should we save the most
endangered species? Ecology Letters 14(9):886-890 DOI 10.1111/j.1461-0248.2011.01652.x.

World Heritage Committee. 2013. Committee Decision 37 COM 7B.10, Paragraph 8, UNESCO.
Available at http://whc.unesco.org/en/soc/1874.

World Heritage Committee. 2014. Committee Decision 38 COM 7B.63, Paragraph 10, UNESCO.
Available at http://whc.unesco.org/en/soc/2867.

World Heritage Committee. 2015. Committee Decision 39 COM 7B.7, UNESCO. Available at
http://whc.unesco.org/en/soc/3234.

Yoccoz NG, Nichols JD, Boulinier T. 2001. Monitoring of biological diversity in space and time.
Trends in Ecology & Evolution 16(8):446—-453 DOI 10.1016/s0169-5347(01)02205-4.

Yokomizo H, Coutts SR, Possingham HP. 2014. Decision science for effective management of
populations subject to stochasticity and imperfect knowledge. Population Ecology 56(1):41-53
DOI 10.1007/s10144-013-0421-2.

Richards and Day (2018), PeerdJ, DOI 10.7717/peet|.4747 26/26


http://dx.doi.org/10.18195/issn.0313-122x.84.2015.287-343
http://dx.doi.org/10.1111/j.1461-0248.2011.01652.x
http://whc.unesco.org/en/soc/1874
http://whc.unesco.org/en/soc/2867
http://whc.unesco.org/en/soc/3234
http://dx.doi.org/10.1016/s0169-5347(01)02205-4
http://dx.doi.org/10.1007/s10144-013-0421-2
http://dx.doi.org/10.7717/peerj.4747
https://peerj.com/

	Biodiversity of the Great Barrier Reef—how adequately is it protected?
	Introduction
	Survey Methodology
	Results and Discussion
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


