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We acknowledge the traditional custodians of the
sea country in which this research and monitoring
was conducted and pay our respects to their elders,

past, present and emerging.

Eight members of the Meriam people joined our team during surveys of Ashmore
and Boot Reefs during Feb-Mar 2023. John Tabo can be seen here freediving
while Josie Chandler surveys corals and other benthic substrates at Ashmore

Reef. Image credit: Victor Huertas
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1 Executive Summary

Ashmore and Boot Reefs in the far north of the Coral Sea Marine Park (CSMP)

have been identified through recentresearchas O br i ght spotsd withi
supporting higher cover and diversity of corals, and greater fish diversity and

bi omass than other CSMP reefs, and are cons
Strait reefs. Together with their potential ecological importance, Ashmore and Boot

Reefs have cultural connections to the Meriam people. Despite the cultural and

ecological significance of Ashmore and Boot Reefs our understanding of the

habitats (both shallow and deep) within these reefs, the biodiversity they support,

and the current status of culturally significant species is limited.

James Cook University was awarded funding through an Our Marine Parks Round
3 Grant to investigate the cultural and ecological significance of Ashmore and Boot

Reefs. Specifically, the key objectives of this project were to:

(1) engage and collaborate with, and build capacity within, the Meriam
people in the conduct of ecological surveys to assess the status of

shallow and deep reef habitats;

(i) conduct extensive surveys of benthic, macro-invertebrate, and fish
communities on Ashmore and Boot Reefs using a combination of diver-

based and remote image-based technologies.

The project involved several engagement and capacity-building activities with the
Meriam people, including a 10-day voyage to Ashmore and Boot Reefs in February
I March 2023 where eight members of the Meriam people collaborated directly
with our team. The project also undertook detailed surveys of benthic and fish
communities in both shallow and deep habitats using diver-based surveys, and
video-based surveys (i.e., remotely operated vehicles i ROV; and baited remote
underwater video systems - BRUVS), respectively, across multiple sites in
February-March 2023. These surveys were conducted to provide rigorous

guantitative information on spatial patterns within and between reefs, and among
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depths in the (i) cover, richness and composition of major benthic taxa, namely
hard corals, and algae; (ii) abundance, species richness, and biomass of reef
fishes, and (iii) abundance and/or biomass of culturally important fish and macro-

invertebrate species.

During the 10-day voyage to Ashmore and Boot Reefs, eight representatives of the
Meriam people were trained in the use of both diver-based (i.e., visual belt
transects, point-intercept transects) and video-based (Remotely Operated Vehicles
- ROV, Baited Remote Underwater Video systems- BRUVSs; and Diver Operated
Stereo Video systems i DOV) techniques for ecological surveys, and gained
hands-on experience in the use of these different techniques. While this training
and experience provided valuable initial capacity-building in conducting ecological
surveys of coral reef habitats, ongoing training would be required to reinforce the
knowledge and skills needed for any future ecological surveys. Together with the
training in ecological monitoring, the representatives of the Meriam people shared

their knowledge of Ashmore and

Boot Reefs, and the traditional
names for reef organisms. Inspired = '-A._
by these discussions an initiative
was launched to produce an
informative and educational poster
for the community showcasing
some of the common and
charismatic fishes found on the
reefs surrounding Mer Island, and
Ashmore and Boot Reefs. Titled
"Keri ba Lar Kerbi
me a n i QurgFisties of Our Sead
in Meriam Mir language, this
poster aims to celebrate and
contribute to the preservation of
the rich cultural heritage
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embedded in the traditional Meriam Mir names of the fish fauna inhabiting the
Meriam Sea Country.

This project surveyed 17 shallow reef sites and 9 deep reef sites across Ashmore
and Boot Reefs, as well as a qualitative survey at Beva Reef (a relatively small
pinnacle reef to the south of Boot Reef). The surveys revealed the cover and
taxonomic richness of hard (scleractinian) corals in shallow water habitats at
Ashmore and Boot Reefs was high (coral cover: Ashmore i 35.2%; Boot 1 22.8%).
This level of coral cover was comparable to previous surveys (2018, 2022) at these
reefs and greater than most other reefs in the CSMP; the highest coral cover
recorded across all CSMP reefs in 2023 was at Ashmore Reef. Unlike many other
reefs within the CSMP and GBRMP that have experienced multiple severe coral
bleaching events and widespread coral mortality in the past 8 years, coral cover
has remained relatively stable, or increased, on Ashmore and Boot Reefs,
reinforcing their statusa s 6 b r i g h t Moeqver,tthé densityeof jievenile
corals (an indicator of the replenishment potential of coral populations) recorded at
Ashmore and Boot Reefs during the 2023 surveys was the highest recorded for
CSMP reefs, and are directly comparable to those of more connected reef systems
such as the GBRMP.

Surveys of deep reef habitats revealed that hard (scleractinian) coral cover at
Ashmore Reef peaked at 31-40m (14.1%) and then declined rapidly to only 4.8% at
41-50m. after which it gradually declined to 9.3% cover at 51-60m. Whilst hard
coral cover was higher at Boot Reef amongst depth bands, the decline in
percentage cover followed the same pattern and was lowest at 61-70m (9.3%).
This contrasts with deep habitats at other CSMP reefs where the highest coral
cover was recorded at depths of 70-80m. Despite the relatively low average cover
of live corals in deep reef habitats on Ashmore and Boot Reefs, there were areas
of high coral cover interspersed within areas of unconsolidated substrata on both
reefs. The lower coral cover at depth may, therefore, reflect the limited availability
of suitable (consolidated) substrata for the recruitment and growth of corals at the
sites surveyed. More extensive surveys would be required to establish the

generality of these patterns of declining coral cover with depth.
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The density, biomass and species richness of reef fish in shallow reef habitats was
high relative to other CSMP reefs, and comparable to previous surveys at Ashmore
and Boot. Of particular note is the biomass of reef fish at one site on the exposed
eastern aspect of Ashmore Reef (Ashmore 16: 13,000 kg per hectare), that is one
of the highest recorded throughout the CSMP during the past 6 years of
monitoring, and an order of magnitude greater than estimates of unfished biomass
for coral reefs globally (1,000 i 1,250 kg per hectare). The high biomass of reef
fish, coupled with the abundance of sharks and relatively low level of fishing line
entangled on the substratum, indicate that there is limited fishing occurring on

Ashmore and Boot Reefs.

The density of reef fish displayed a similar trend with depth to that of hard coral
cover, with an initial sharp decline in density followed by a gradual decline to the
deepest areas surveyed. In contrast, the species richness of reef fish (i.e., number
of reef fish per transect) at Ashmore Reef displayed a mid-depth peak, with 166
fish species being recorded in the mid depth band (30-60 m), decreasing at both
shallower (10-30 m; 37 species) and deeper (60-80 m; 21 species) depth bands
(Figure 1). 57 fish species were unique to the ROV surveys and not observed or
recorded during diver-based surveys of shallow reef habitats. These depth
specialist fish species included several species of tilefish (f. Malacanthidae, one of
which hadndét been r ec or Janthiasi(fnSertrahidane i CSMP pr ev
Anthiinae), triggerfish (f. Balistidae), and gobies (f. Gobiidae), and increase the

total number of fish species recorded at Ashmore and Boot Reefs considerably.

The density of culturally important macroinvertebrates (i.e., sea cucumbers,
trochus, and giant clams) was generally low, although comparable to previous
surveys of Ashmore and Boot Reefs and other CSMP reefs. The low densities of
sea cucumbers, trochus and giant clams may reflect the habitats surveyed (i.e.,
contiguous reef) that are not the preferred habitats for many of these

macroinvertebrates, and/or potential effects of harvesting.
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Figure 1. Infographic of the total reef fish species richness (number of species) among depth
bands. The number within the fish is the total number of fish species recorded within each
depth band. Note the 0-10m depth band was from diver-based surveys, and the shallow,
middle and deep bands are from ROV surveys.

Recommendations:

1 Continued and meaningful engagement with the Meriam people to build
upon and consolidate the collaboration initiated through this project is
suggested. Regular communication to be maintained with the Mer Gedkem
Le, including any research or management activities relevant to Ashmore
and Boot Reefs, or the broader CSMP. We recommend making at least one
berth on any future research and monitoring voyages to Ashmore and Boot

Reefs be made available for a member of the Meriam people.

1 The distance between Mer Island and Ashmore and Boot Reefs makes
these reefs largely inaccessible to the Meriam people. Partnering with other
management agencies (e.g., Torres Strait Regional Authority) to provide
further capacity-building and training in monitoring of coral reef ecosystems
will likely provide a greater benefit and enable the Meriam people to take a

more active role in the management of their local reefs and Sea Country.

i Given the increasing incidence of major disturbances impacting reefs
globally, and the CSMP (including the current global bleaching event),
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regular (every 2-3 years) surveys are recommended. In the absence of
regular monitoring, the causes of any changes in reef communities would be
largely unknown, severely limiting the capacity of managers to understand

the health status of these reefs and make informed decisions.

Increased focus on quantifying environmental conditions (e.g., temperature)

and demographic rates of benthic (namely corals and crustose coralline

algae; CCA) and fish taxa to better understand the replenishment and

potential resilience of populations to environmental change. Temperature
loggersanddevi ces to quantify the settl ement
were deployed across three sites on Ashmore Reef during the February-

March 2023 voyage. The temperature loggers record water temperature

every 30 mins and have a battery life of just over 2 years, and therefore

should be collected in the next 12 months. Quantifying demographic rates

for fish and identifying potential settlement and nursery habitats on these

reefs will require dedicated research.

Additional means for accessing Ashmore and Boot Reefs for research and
monitoring should be considered. For example, Mike Ball Dive Expeditions,
a dive tourism operator from Cairns visited Ashmore and Boot Reefs in
November 2023, and are planning to make this an annual event, and thus
could be approached to collaborate by providing vessel berths for

researchers.

Dedicate research into the connectivity of Ashmore and Boot Reefs with
reefs in the Torres Strait, Eastern Fields, and adjacent reefs in PNG should
be considered to better understand the ecosystem processes that support
these reef areas.
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2 Background

The Coral Sea i s sit weastceast, bounded by RPapiamMNew i a 6 s

Guinea to the north, the Solomon Islands, Vanuatu and New Caledonia to the east,
and the Tasman Sea to the south. The Coral Sea is a critically important and
environmentally significant ecosystem owing to i) the extent and diversity of
habitats (including many unique habitats), ii) the unique fauna these habitats

support, iii) the provision of habitats for species of conservation significance and,

i'v) connectivity with AGBR)tandathar aestsrn Racifie a t
provinces (Ceccarelli et al. 2013; Hoey et al. 2020). Austr al i ads mar.i

the Coral Sea is managed through the Coral Sea Marine Park (CSMP) that

extends from the eastward margin of the Great Barrier Reef Marine Park (GBRMP)

to the outer extent of Austral i a6 offsliorec |

(Figure2.1) . The CSMP is among the worl dos
parks, encompassing an area of 989,836km?>.

The CSMP is one of the most isolated coral reef environments in Australian waters,
with 20 widely separated shallow reef systems on top of sea mounts and extinct
volcanos rising up from 100s or 1000s of metres, ranging from Ashmore and Boot
Reefs adjacent to the Torres Strait in the north, to Cato Reef in the south, and
Mellish Reef (>1,000 km east of Cairns) in the far east. Given the distance from the
Australian mainland, and hence large human population centres, reefs within the
CSMP experience limited exposure to direct human pressures (e.g., fishing, run-
off) relative to more accessible coastal reefs, such as those of the Great Barrier
Reef. Despite the limited direct human pressures on CSMP reefs, they are
increasingly being exposed to the effects of climate change with seven major coral
bleaching events recorded in the CSMP in the past two decades (2002, 2004,
2016, 2017, 2020, 2021 and 2022), with five of these bleaching events occurring in
the past eight years (Oxley et al. 2004, Harrison et al. 2018, 2019, Hoey et al.
2020, 2021, 2022, 2023).
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Figure 2.1. Ashmore and Boot Reefs. Top: Satellite image showing the proximity of
Ashmore and Boot Reefs to Mer Island in the Torres Strait (source: eAtlas / Australian
Institute of Marine Science). Bottom left: The Queensland coastline, with seaward dotted
line denoting the boundary of the Coral Sea Marine Park. Orange bounding box shows the
location of Ashmore and Boot Reefs. Bottom right: bathymetric map showing the three-
dimensional structure of Ashmore and Boot Reefs.

These recurrent bleaching events have caused considerable declines in coral
cover across CSMP reefs, although there was considerable variation in the change
in coral cover among individual reefs (Hoey et al. 2021, 2022, 2023). Notably five
0 br i g h tefs Aghmare) BooteBougainville, Mellish and Moore Reefs) were
less adversely affected by recent bleaching events, and support higher coral cover,

coral richness, and/or greater abundance and biomass of reef fish than other
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CSMP reefs. Two of these O6briRebfs)ara pot 6

ecological significant, and also culturally significant being the only CSMP reefs with

known connections to first nations people.

Ashmore and Boot Reefs are located in the far north of the CSMP, approximately
25 nm east of the outer reefs of Torres Straits (Figure 2.1). Ashmore and Boot
Reefs have historical connections to the Meriam people and are located 55-65 km
east-southeast of Mer Island. Both reefs are on top of extinct underwater volcanos
and have steep outer walls, dropping to >500m depth within a few hundred metres.
Ashmore Reef is the larger of the two reefs (ca. 45 x 22 km) with an extensive and
deep lagoon. Boot Reef is smaller (ca. 13 x 2 km) with a fully enclosed lagoon.
Despite the cultural and ecological significance of Ashmore and Boot Reefs our
understanding of the habitats (both shallow and deep) within these reefs, the

biodiversity they support, and the status of culturally significant species is limited.

2.1 Objectives and scope

The objective of this project was two-fold: (i) to engage and collaborate with, and
build capacity within, the Meriam people in the conduct of ecological surveys to
assess the status of shallow and deep reef habitats; and (ii) to conduct extensive
surveys of benthic, macro-invertebrate, and fish communities on Ashmore and
Boot Reefs using a combination of diver-based and remote image-based
technologies. In doing so, this project will provide a unique opportunity to work
directly alongside the Meriam people to improve our understanding of their
connections with their Sea Country and to build their capacity to participate and

take an active role in the management of the CSMP.

Surveys were conducted at 17 sites across Ashmore and Boot Reefs following the
methods of Hoey et al. (2020, 2021, 2022). At each site, diver-based surveys were
conducted along three replicate transects within each of two habitats (reef crest: 1-
3m depth; reef slope: 7-10m depth) to provide rigorous quantitative information on

spatial (i.e., among reefs and regions) and temporal patterns in:
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i) benthic cover and composition, including the percentage cover for hard
(Scleractinian) and soft (Alcyonarian) corals, macroalgae, and other
sessile organisms;

i) size, abundance and composition of reef fish assemblages;

iii) abundance of small/ juvenile corals (<5cm diameter), as a proxy of
coral recruitment and population replenishment;

iv) abundance of holothurians, urchins, clams, and other ecologically or
culturally important reef-associated invertebrates; and

vi) the abundance and size of sea snakes.

Additional surveys of deeper reef habitats (up to 100m depth) were conducted at
each reef using Remotely Operated Vehicles (ROV) fitted with forward-facing

stereo-video systems, and side- and down-facing time lapse cameras.

As well as the objectives listed above, berths were made available on the voyage
to Ashmore and Boot Reefs to Millstream Productions who were filming a
documentary on Sea Country featuring the Meriam people (also funded through an
Our Marine Parks Round 3 Grant).

Figure 2.2 The MV Iron Joy anchored off Mer Island, in the eastern Torres Straits, with the
JCU research team, CSMP Manager, vessel crew, representatives of the Meriam people
and cinematographers from Millstream Productions on the foredeck. Image credit: Stuart
Ireland, Millstream Productions
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3 Methods

3.1 Engagement and collaboration with the Meriam people

Early and regular communication and engagement with representatives of the

Meriam people ensured the successful collaboration and exchange of traditional

and western knowledge. Several meetings were held and presentations delivered

to Meriam elders, members of the Mer Gedkem Le, and the Mer Island community

prior to the voyage to Ashmore and Boot Reefs, and eight members of the Meriam

people were selected by the Mer Gedkem Le to join and participate in the voyage

(Table 3.1).
Date / Purpose Persons
Location
29 July 22, Meeting to discuss proposed project, A. Hoey (JCU),
Townsville timing and duration of the voyage to Falen Passi
Ashmore and Boot Reefs, planned (Chair, Mer
activities, and opportunity for TO Gedkem Le)
participation with Chair Passi and Moni Carlisle
project partners (TSRA)
Emma Kennedy
(AIMS)
11-14 Oct 22, Engagement with the Meriam People A. Hoey (JCU)
Mer Island to obtain their permission and consent M. Russell (PA)

for the project. This included a
presentation of the project to the
Directors of the Mer Gedkem Le and
community Elders on the 11™ October
(~20 people attended), and was
followed up with a meeting with the
Chair of the MGL and two Directors in
the MGL office on the 12th October.

Numerous informal discussions were

Mer Gedkem Le
Directors,
Meriam elders,

Mer Isl community
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also held with the Directors of the MGL
and community members over the
course of the visit, and during and after
a beach clean-up on the morning of the
14t Oct.

15 Dec 22, Meeting called by Chair Passi to A. Hoey (JCU)

Cairns discuss the draft Cultural Heritage A. Gloor
Agreement (CHM) between the Mer (Millstream Prod)
Gedkem Le and JCU. Unfortunately, Falen Passi
the draft CHM was not received until (Chair, Mer
the 8™ Feb 23, so this time was used to Gedkem Le)
discuss the voyage and activities in
greater detail

25Febi 1 Ashmore and Boot Reefs voyage 1 leg A. Hoey, E.

Mar 23 1 McClure, G.
5-day voyage to Ashmore and Boot Galbraith, D.
Reefs in which representatives of the Burn, J. Chandler,
Meriam people were provided with B. Cresswell, V.
training and hands-on experience ina  Huertas (JCU), A.
variety of techniques for monitoring the  Gloor, S. Ireland
health of shallow and deep reef (Millstream Prod),
habitats and the population status of Falen Passi,
key marine species. Johnson Kaigey,
Two berths on this leg of the voyage Michael Salee,
were made available to Millstream Nodoro Mabo
Productions to collect imagery for their  (Meriam people),
document arSgaCeauntryd e s M. Russell (PA)
(funded through a separated Our
Marine Parks Round 3 Grant)

271 7 Mar 23 Ashmore Reef voyage T leg 2 A. Hoey, E.
5-day voyage to Ashmore Reef in McClure, G.
which representatives of the Meriam Galbraith, D.

people were provided with training and

Burn, J. Chandler,
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hands-on experience in a variety of
techniques for monitoring the health of
shallow and deep reef habitats and the
population status of key marine
species. Were unable to access Boot

Reef due to unfavorable weather

B. Cresswell, V.
Huertas (JCU),
Douglas Kaigey,
John Tabo Jnr,
Jimmy Passi,
Taiku Wailu

(Meriam people),
M. Russell (PA)

June 24 Presentation of key findings to Proposed:

(Planned) Directors of the Mer Gedkem Le, A. Hoey, E.

Mer Island community Elders, and the broader McClure, G.
community. Activities to include a Galbraith, V.

community lunch. Huertas (JCU),

M. Russell (PA)

3.2 Ecological surveys

Diver-based underwater visual census (UVC) of shallow reef habitats, and remote
video surveys (Remotely Operated Vehicle and Baited Remote Underwater Video:
ROV and BRUV, respectively) of deep reef habitats (10-80m) were conducted at
Ashmore and Boot Reefs during a 10-day period from 25 Feb i 7 March 2023.
The voyage to Ashmore and Boot Reefs was completed in conjunction with the
CSMP 2023 Coral Sea Bright Spots Reef Health and Resilience survey (10 - 22
Feb), allowing for comparisons of Boot and Ashmore to the broader CSMP.

Unfavorable and uncharacteristic weather (strong north-westerly winds) at the time

of the voyage meant that many of the sites surveyed in previous years (i.e.,

10 days
17 sites T 99 transects
5 km of UVC surveys
>130 diver hours

protected from south-easterly winds),
as well as much of the lagoon of
Ashmore Reef were inaccessible.
However, this did allow surveys to be
conducted of both shallow and deep

reef habitats on the south-eastern
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reef aspect of both reefs. To our knowledge the diver-based and ROV surveys
conducted on the south-eastern aspect of Ashmore and Boot Reefs are likely the
first formal surveys of these seaward shallow and mesophotic coral reef

ecosystems, respectively.

3.2.1 Shallow reef habitats i Diver-based surveys

Diver-based surveys were conducted at 17 shallow reef sites across both Ashmore

and Boot Reefs (Ashmore: 12 sites; Boot: 5 sites; Figure 3.1). At each site, diver-

based surveys were generally conducted within each of two habitats, i) the reef

crest (approximately 1-3m depth) and ii) the reef slope (9-10m depth, where

possible). The only exception to this was one site inside the lagoon at Boot Reef

(Boot site 8) where there wasnot sufficient

crest habitats.

In each depth zone at each site, three replicate 50m transects were run parallel to
the depth contour, with up to 10m between successive transects. Surveys were
conducted by a 4-person dive team, whereby the lead diver deployed the transect
tape while simultaneously recording the size and identity of all larger (>10 cm total
length, TL) or motile fish species, within a 5m wide belt (following Hoey et al. 2020,
2021, 2022). Deploying the transect while simultaneously recording fishes
minimises disturbance prior to censusing, thereby minimising any bias due to
mobile fishes avoiding (or in some cases being attracted to) divers. The second
diver along the transect recorded the size and identity of smaller, site-attached fish
species within a 2m wide belt (e.g., Pomacentridae), while species with larger
home ranges were recorded within a 4m wide belt (e.g., Chaetodontidae; Appendix
2). The third diver conducted a point intercept survey, providing important
information on coral cover and benthic composition, by recording the sessile
organisms or substratum underlying evenly spaced (50cm apart) points along the
entire length of the transect. The final (fourth) diver counted abundance of juvenile
corals (as a proxy of recruitment) within a 10m x 1m belt. On the return swim along

the transects, one diver quantified the abundance of non-coral invertebrates (e.g.,
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sea cucumbers, giant clams, sea urchins, Tectus (formerly Trochus), and crown-of-
thorns starfish) within a 2m wide belt along the full length of each transect.

Boot Reef

Boot 6 :

x

&° Boot7
_Boot 8
Boot 4

Ashmore 18
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&+ Beva Reef
£ \X
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.§ ’0. '.‘? s \
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Figure 3.1 - Map of Ashmore, Boot and Beva Reefs. Black points with blue site names
represent the 17 shallow reef sites surveyed by diver-based underwater visual census
(UVC) during the 2023 voyage. Grey site names show sites surveyed in previous years.
Orange circles show the sites of ROV surveys, orange crosses the BRUV drops, and the
orange triangle the DOV survey on Beva Reef. The CSMP boundary is represented by the
angled dotted lines extending from left and right to top of the map bounding box.

Benthic cover and composition i Point-intercept transects (PIT) were used to

quantify benthic composition, recording the specific organisms or substratum types

underlying each of 100 uniformly spaced points (50cm apart) along each transect

(following Hoey et al. 2020, 2021, 2022). Corals were mostly identified to genus

(using contemporary, molecular-based classifications for scleractinian corals),

though some of the less abundantgenerawer e pool ed to oO6Wd her o f
also distinguished major growth forms for Acropora (tabular, staghorn, and other)

and Porites (massive versus columnar or branching). Macroalgae were identified to
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genus. For survey points that did not intersect corals or macroalgae, the underlying
substratum was categorised as either crustose coralline algae (CCA), sponge,
sand/ rubble, carbonate pavement, or other (including gorgonians, hydroids,

anemones).

Topographic complexity i Topographic complexity was estimated visually at the
start of each transect, using the six-point scale formalised by Wilson et al. (2007),
where 0 = no vertical relief (essentially flat homogenous habitat), 1 = low and
sparse relief, 2 = low but widespread relief, 3 = moderately complex, 4 = very
complex with numerous fissures and caves, 5 = exceptionally complex with

numerous caves and overhangs.

Juvenilecorals-Densities of juvenile corals (05
Rylaarsdam 1983) are increasingly used as a proxy for recovery potential of coral
assemblages as opposed to quantifying the number of coral larvae that settle on
experimental settlement substrata (e.g., tiles). Counting juvenile corals accounts
somewhat for the high mortality rates of newly settled corals, and logistically only

requires a single visit to the study site. Therefore, comprehensive counts of all

juvenile colonies, including the smallest colonies that are detectable with the naked

eye (approximately 1 cm diameter), enable effective comparisons of potential coral
recovery among habitats, sites and reefs across the CSMP. All juvenile corals

within the 10 x 1m coral health transect were recorded to genus (Figure 3.2).

Favites [ Montipora
o
S
3 —
: =
)

Figure 3.2 Photographs of juvenile (Cbcm diameter) corals recorded within 10m? belt
transects within the Coral Sea Marine Park. Each juvenile coral within the 10m? belt
transects were identified to genus and recorded. Image credits: Deborah Burn

Coral reef fishes - Size (body length) and abundance of reef-associated fishes

(e.g., Acanthuridae, Chaetodontidae, Labridae, Lethrinidae, Scarinae, Serranidae,
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and Pomacentridae) was quantified using standard underwater visual census
(UVC) along replicate 50m transects (n = 3 per depth zone) at all sites. Various
transect dimensions were used to account for differences in the body size, mobility,
and detectability of different fishes, as well as making data more comparable to
other surveys conducted within the GBRMP (e.g., Emslie et al. 2010) and other
Australian Marine Parks (e.g., Hoey et al. 2018). Smaller site-attached species
(Pomacentridae) were counted in a 2m wide belt (100m? per transect). Slightly
larger bodied, site-attached species (e.g., Chaetodontidae, Labridae) were
surveyed in a 4m wide belt (200m? per transect), while all larger and more mobile
species were counted in a 5m wide belt (250m? per transect). Body size (total
length) was recorded for each individual fish, and converted to biomass using
published length-weight relationships for each species. Data were standardised as
abundance and biomass per 100m?. See Appendix 2 for a comprehensive list of

species surveyed.

Non-coral invertebrates i Non-coral invertebrates, including potential coral
predators (e.g., crown-of-thorns starfish Acanthaster cf. solaris, pin-cushion starfish
Culcita novaeguineae, and coral snails Drupella spp.) as well as ecologically and
culturally important species, namely long-spined sea urchins (Diadema spp.) sea
cucumbers (holothurians; Figure 3.3), giant clams (Tridacna spp.) and trochus
(Tectus spp., formerly Trochus spp.), were surveyed in a 2m wide belt along each
transect, giving a sample area of 100m?2. For all crown-of-thorns starfish
(Acanthaster cf. solaris) and giant clams (Tridacna spp.) observed, the size

(diameter and length, respectively) was also recorded (to the nearest 10cm).
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Figure 3.3 Photographs of four species of sea cucumber that are observed within the
Coral Sea Marine Park; Prickly redfish, Thelanota ananas; Black teatfish, Holothuria
whitmaei; Amber fish, Thelanota anax; and Surf redfish, Actinopyga mauritiana. Image
credits: Deborah Burn

Coral predators are potentially important contributors to coral reef health and

habitat structure, especially during periods of elevated predator densities (Pratchett

et al. 2014). Population irruptions, or outbreaks, of crown-of-thorns starfish

(Acanthaster cf. solaris) are a major contributor to coral loss on the Great Barrier

Reef (Dedath et al. 2012) and are thought t
on Elizabeth and Middleton Reefs in the 198
known whether there have been population irruptions in the CSMP. Sea urchins,

especially long-spined sea urchins of the genus Diadema, can also have a major

influence on the habitat structure of coral reef environments (e.g., McClanahan and

Shafir 1990; Eakin 1996). Like herbivorous fishes, larger urchin species such as

Diadema spp. may be important in removing algae that would otherwise inhibit

coral growth and/or settlement (Edmunds and Carpenter 2001). At high densities,

however, intensive grazing by sea urchins may have negative effects on reef

habitats, causing significant mortality of juvenile corals and loss of coral cover,

thereby reducing topographic complexity of reef habitats (McClanahan and Shafir
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1990), and ultimately can lead to a net erosion of the reef carbonates (Glynn et al.
1979; Eakin 1996).

Sea snakes T The abundance and size of sea snakes (including the Olive sea
snake, Aipysurus laevis; D u b o snak&, Apyswrus duboisii; Spiny headed or
Horned sea snake, Hydrophis peronii; Turtle-headed sea snake, Emydocephalus
annulatus; Figure 3.4) were quantified within the same 50 x 5m belt transects used
to survey large, mobile reef fishes. Only one sea snake was observed during the
diver-based surveys at Ashmore and Boot Reef, and as such data on their

abundances is not presented.

Figure 3.4 An Olive sea snake, Aipysurus laevis recorded in the lagoon at Ashmore Reef.
The ROV piloted by one of the Meriam people can be seen in the background. Image
credit: Stuart Ireland (Millstream Productions)

3.2.2 Deep reef habitats i Video-based surveys

Remotely Operated Vehicle (ROV) surveys were undertaken at six sites at
Ashmore Reef and one site at Boot Reef. Overall, 14 ROV dives and 30 transects
were completed between depths of 10-80m, following protocols detailed in
Galbraith et al. (2022). At each reef, ROV survey sites were selected based on
proximity to shallow reef monitoring sites and the feasibility of deploying, piloting
and retrieving survey equipment given the prevailing sea and weather conditions.
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The strong north-westerly winds prevented the safe deployment and operation of
the ROV at many locations.

ROV configuration and field operation - All deep-habitat transect surveys were
conducted using a BlueROV 2 high-performance underwater ROV. The ROV was
constructed with an 8-thruster vectored configuration and 2 high-powered lumen
Subsea lights. In addition to the onboard high-definition (1080p, 30fps), wide-angle,
low-light optimized camera that was used for piloting the ROV, the ROV was fitted
with a forward-facing GoPro Hero 8 housed inside a deep rated aluminum T-

housing to allow fish communities to be surveyed.

Additionally, a time-lapse benthic camera system consisting of three GoPro Hero 7
action cameras inside deep rated aluminum T-housings was used. These GoPros
were mounted on the left and right side of the ROV to allow the benthic
communities on steep habitats (i.e., walls) to be photographed, and one GoPro
mounted facing downwards on the ROV payload skid to allow the benthic
assemblages on relatively flat, or horizontal, habitats to be photographed. The
cameras were set to take timelapse photos resulting in an average of 35 benthic

photos (range 16-60) per transect.

The ROV was deployed, piloted and retrieved from a tender launched from the MV
Iron Joy (Figure 3.5). At each site, the ROV was deployed and descended to the
maximum depth possible depending on the habitat type, sea conditions, and
maximum depth rating of the ROV (i.e. 100m). Once at the target depth the ROV
was positioned ~0.5m above the substratum (or alongside for vertical reef walls),
and two timed transects were conducted at a constant depth. Each transect was
2.5 minutes long and by travelling at a known speed of 0.2m/s™, equating to a
distance of approximately 30m. The start and end of each transect was defined by
asideto-si de -9haked mov e me n Transetts witlineeacR d@pth
band were separated horizontally by 5-10m. After the second transect within a
depth band, the ROV ascended by 5 -10m and two more transects were conducted
at this depth in the opposite direction to the previous two transects (i.e., at the
depth band immediately below). This survey pattern was repeated at ~10m depth
bands until the two final transects were conducted (Figure 3.6).
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Figure 3.5 Photograph showing the operation of the Remotely Operated Vehicle (ROV)
from a tender to the MV Iron Joy in the Coral Sea Marine Park. Top: The ROV being
deployed from the tender with the operator (Gemma Galbraith, standing) piloting the ROV,
while an assistant manages the tether (Ben Cresswell). Image credits: Victor Huertas
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Figure 3.6 Remotely Operated Vehicle (ROV) transect survey methodology used to
survey fish and benthic communities in the Coral Sea Marine Park. All ROV surveys were
conducted at depths between 10 i 80m using the BlueRobotics BlueRov2.

BRUV configuration and field operation - Eight BRUV drops were conducted
across two sites at Ashmore Reef within the lagoon between depths of 25-45m. No
BRUV drops were possible on seaward reefs of either Ashmore or Boot Reef due

to the steep walls and the prevailing wind and sea conditions at the time of the

survey.
All BRUVS used in this project were constructed by SeaGis (SeaGIS Pty Ltd,

Australia). Each system consisted of a weighted frame, waterproof camera
housing, bait arm and bait bag. GoPro Hero7 cameras were used in each BRUV
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and set to 1080 resolution, 60fps and medium field of view. 1kg of frozen pilchards
was used as bait for each drop. Bait was thawed and crushed prior to surveys and
placed in the mesh bag positioned 1.2m from the camera by the bait arm. BRUVS
were deployed from a tender to the main vessel between daylight hours of 0800
and 1600. Individual BRUV drops at a given site were separated by at least 500m
to reduce the likelihood of non-independence due to individual animals being
sampled by adjacent BRUV systems (Langlois et al. 2020). Each BRUV was set for
at least 1hr, starting from the time the system reached the seafloor. BRUVS were

recovered by hand-hauling or using a lightweight pot-hauler fitted to the tender.

Diver operated stereo video (DOV) configuration and field operation - One
DOV survey of the fish community at Beva Reef was conducted along five replicate
belt transects of approximately 30 m in length by 5 m in width. The survey at Beva
Reef was done as part of the engagement and training aspect of this project, to
introduce the Mer Island representatives to a range of technologies used in reef
fish monitoring and research. Detailed protocols for using DOVs to survey fish
communities are described in Goetze et al. 2019. For the Beva Reef survey, a
diver swam a stereo-video system (SeaGIS Pty, Australia) housing two GoPro
Hero 4 cameras pointing forwards at 0.5 m above the reef at a steady speed
(approx. 20 m/min) following the reef contour. A second diver timed the swim and
indicated to the diver operating the camera when the end of each transect had
been reached. The start and end of each transect was defined by a side-to-side

movement of the DOV system.

193 fish
species
recorded

Stereo-length
measurements
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3.2.3 Image processing

Video analyses - Fish species and abundance data were extracted from the ROV

and DOV videos using the specialised software EventMeasure (SeaGis Pty Ltd,

Australia). Footage from each ROV and DOV transect was played back in

EventMeasure, with each fish along the transect identified to species level and

counted. From ROV surveys fish species richness, diversity (Shannon-We i ner HO)

and density were calculated for each transect and standardised to 150m?2.

For BRUVSs, 1 hour of video footage was viewed, starting 1 minute after the BRUV
system arrived on the seabed to allow the fish community to resettle after the
depl oyment. This 60 min Asoak timeo has bee
elasmobranch species (i.e., sharks and rays) in shallow coral reef habitats (Currey-
Randall et al. 2020) and is the recommended duration for BRUV deployments
(Langlois et al. 2020). Every fish entering the field of view was identified to species
and the maximum number of individuals observed in a single video frame for each
species (MaxN) was recorded. MaxN is a widely-used estimate of relative
abundance for BRUV and other stationary video surveys (Ellis and DeMartini 1995;
Willis and Babcock 2000) as it avoids repeatedly counting the same individual,
which may enter, exit and then re-enter the field of view. For all video methods, any
individual fish that could not be identified to species level were recorded to genus

or family.

Benthic image analysis - Benthic habitat data was collected from both ROV and

BRUV surveys. For ROV surveys, the benthic environment on each ROV transect

was categorised from still images taken parallel to the reef topography and

analysed using the free cloud-based machine learning platform ReefCloud

foll owing Reef Cloudds anal ysphaogrpphswerec ol s ( A
uploaded to ReefCloud, grouped at the level of Transect within each Site on each

Reef. On each photo, a grid of 12 uniformly spaced points was overlayed for

observer annotation, using a custom classification label set developed specifically

for this project (Appendix 3). The label set was designed to reflect the classification
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system used in shallow water diver surveys, with modifications to account for the
low light environments and lower resolution of still images taken on deep reefs (i.e.,
higher emphasis on morphological characteristics than taxonomic characteristics).
Through annotation of 12 points per image, the user trained a model on each
benthic category via machine learning. Once sufficiently trained, the model
classified another 38 points per image. The ReefCloud platform includes model
validation tools to check the performance of the model in classifying points. Point
classifications (50 points per image) were exported as a .csv file to calculate

percent cover of benthic categories of interest.

For each BRUV survey, a single image was analysed using screen shots from the
forward-facing GoPro video cameras. Each still screen shot was analysed in

TransectMeasure (SeaGIS Pty Ltd, Australia) following established protocols and

using predefined benthic CATAMI categories commonly used for BRUV image

analysis (Hill et al. 2014). Briefly, benthic categories were assigned hierarchically,
starting with a O6broadé category, further d
applicable (e.g., Stony [Hard] coral > branching > live; Appendix 4). Classifications

of édopen waterd6 and o6unknownédé substrata (du
of reef from camera) were removed before calculating percent benthic cover

estimates for each classification.

3.3 Data handling and analysis

All data were handled in R Version 4.3.2. (R Core Team 2023). Data were
wrangled using the tidyverse environment (Wickham 2017) and visualised using
the ggplot2 package (Wickham 2016). Colour palettes for figures were chosen in
RColorBrewer (Neuwirth 2014) and viridis (Garnier 2018), with visualisations aided
by ggrepel (Slowikowski 2018) and ggpubr (Kassambara 2018). Maps of the
CSMP and CSMP reef boundaries were reproduced from Australian Government
shapefiles contained in gisaimsr (Barneche and Logan 2021) and dataaimsr (AIMS
Datacentre 2021), data courtesy of the Great Barrier Reef Marine Park Authority,
or generated by Project 3DGBR (Beaman 2012). All maps were produced in R
using the package sf (Pebesma 2018) and ggspatial (Dunnington 2021) using the
WGSB84 coordinate system.
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Shallow reef habitats: UVC data analysis i All survey data were averaged
across independent transects to obtain a site average prior to summarising data at
the level of reefs. For calculations of taxonomic richness, the number of
species/taxa were calculated at the level of site (i.e., pooled among transects and
reef zone) to give the total (not average) number of species/taxa observed at a
site, prior to being summarised to the level of reefs. While the focus of this report is
on Ashmore and Boot Reefs, survey data collected at other CSMP Reefs during
the are used for comparison. Where data are presented as box and whisker plots,
each boxplot represent the distribution of the data based on the minimum, first
quartile, median, third quartile and maximum values. The lower and upper hinges
correspond to the first and third quartiles (the 25th and 75th percentiles). The
upper whisker extends from the hinge to the largest value no further than 1.5 * IQR
from the hinge (where IQR is the inter-quartile range, or distance between the first
and third quartiles). The lower whisker extends from the hinge to the smallest value
at most 1.5 * IQR of the hinge. Data beyond the end of the whiskers (i.e., outliers)
are plotted individually.

Deep reef habitats: ROV and BRUV data analysis - ROV survey data were
averaged across independent transects within 10m depth bins (i.e., 11-20m, 21-
30m etc.) or categories (Shallow: 0-30m, Mid: 31-60m and Deep: 61-100m) to
obtain a site-depth average prior to summarising at the level of reefs and/or
regions. BRUV drops were treated independently and categorised as Shallow, Mid
and Deep only (due to low replication), before being summarised at the level of
site, reef or region. For calculations of taxonomic richness, the number of
species/taxa were calculated at the level of site (i.e., pooled among transects or
drops) to give the total number of species/taxa observed at a site, prior to being
summarised to the level of reefs or regions. Data are presented using a
combination of descriptive infographics, and box and whisker plots (i.e., box plots)
for comparing density (ROV) and relative abundance (MaxN i BRUV), species

richness of diversity.
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4 Findings

4.1 Engagement and collaboration with the Meriam people

The engagement, collaboration and knowledge exchange with the Meriam people
through this project was highly successful. The presentations, meetings and
informal discussions with community elders, Chair and Directors of the Mer
Gedkem Le, and the Mer Island community during the initial visit to Mer Island (11-

14 October 2022) were well received and secured the support of the Meriam

people for the project (Figure 4.1).

Figure 4.1 Photographs from the initial
visit to Mer Island, 11-14 October 2022.
Top left: Andrew Hoey (project lead)
presenting to the Mer Gedkem Le and
community Elders; top right: Community
event at the beach; bottom left: Mer
Gedkem Le Chair, Falen Passi (left)
showing Martin Russell, Parks Australia
(middle) and Andrew Hoey (JCU) around
Mer Island.

During the voyage to Ashmore and Boot Reefs, eight members of the Meriam
people (Falen Passi - Chair Mer Gedkem Le, Johnson Kaigey, Michael Salee,
Nodoro Mabo, Douglas Kaigey, John Tabo Jnr, Jimmy Passi and Taiku Wailu)
were provided training in the use of diver-based transects, Remotely Operated
Vehicle (ROV), Baited Remote Underwater Video (BRUV), and Diver Operated
Stereo Video (DOV), as well as video analysis, data handling and equipment
maintenance. The Meriam representatives were then given the opportunity for
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hands-on experience in the operation and use of this equipment and survey

techniques.

Figure 4.2 Training in the use of various survey methods on the back deck of the MV Iron
Joy during the voyage to Ashmore and Boot Reefs. Top left: Andrew Hoey describing the
use of transects for diver-based surveys of reef fishes; Top right: Josie Chandler
describing the survey of corals and macro-invertebrates; Bottom left: Ben Cresswell
explaining the deployment of BRUVs and providing a lesson in knot tying. Bottom right:
Chair Falen Passi, Nodoro Mabu, and Johnson Kaigey constructing a BRUV unit ready for
deployment.
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Figure 4.3 Photographs of Falen Passi (Chair, Mer Gedkem Le; top left), Douglas Kaigey
(top right), John Tabo Jnr (bottom left), and Taiku Wailu (bottom right) piloting the ROV
while other voyage participants watch on. An X-box controller is used to control the
movement of the ROV, and the footage from an onboard camera is projected on the
computer screen.
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Figure 4.4 Photographs of representatives of the Meriam people observing and assisting
with diver-based surveys of corals and reef fish in shallow water reef habitats.

During the voyage to Ashmore and Boot Reefs, the representatives of the Meriam
people (in particular Falen Passi, Douglas Kaigey, and John Tabo Jnr) shared their
knowledge of these reefs and the diverse communities of animals and plants they
support. Onboard the MV Iron Joy, our team gave a presentation to provide an
overview of the underwater research activities we conduct during our surveys and
the reef life we have previously documented in Ashmore and Boot Reefs and other
reefs in the CSMP. This presentation sparked a lively conversation, prompting the
representatives of the Meriam people to ask several questions about the surveys

and share their personal experiences with some of the organisms depicted in our
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slides. Our team expressed a particular interest in learning the Meriam Mir
language, with a focus on the traditional names for various reef organisms,
including different types of corals and fish species. A collaborative effort between
representatives of the Meriam people, members of our team and Martin Russell
(Parks Australia) resulted in the compilation of a comprehensive list featuring over
100 traditional Meriam Mir names for reef organisms, including 78 fishes. Inspired
by this exchange, an initiative was launched to produce a poster showcasing some
of the most common and charismatic fishes found in the reefs surrounding Mer
Island, and Ashmore and Boot Reefs. Titted"Ker i ba Lar Kmearling Gur | am
fOur Fishes of Our Seadin Meriam Mir language (Figure 4.5), this poster aims to
celebrate and contribute to the preservation of the rich cultural heritage embedded
in the traditional Meriam Mir names of the fish fauna inhabiting the Meriam Sea

Country.
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Figure 4.5 Poster titled Keriba Lar Kerbi Gurlam (Our Fishes of Our Sea in Meriam Mir)
produced as an additional part of this project. The poster (one copy printed on durable
paper with a UV coating, and mounted in either acrylic or aluminium, and several paper
copies) will be presented to the Mer Island community during a planned visit in 2024.
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4.2 Ecological surveys

4.2.1 Shallow Reef Habitats

Coral cover - The average cover of hard (scleractinian) corals recorded across the
17 sites surveyed across Ashmore and Boot Reefs in 2023 was 31.6% (2.5 SE),
ranging from 16.50% (5.9 SE) at Ashmore 8 to 47.5% (x2.5 SE) at Ashmore 17
(Figure 4.6). While average coral cover was generally greater on Ashmore Reef
(35.2%) than Boot Reef (22.8%), there was considerable variation in coral cover
among sites on each reef. Coral cover varied from 16.5% (Ashmore 8) to 47.5%
(Ashmore 17) on Ashmore Reef and was generally greatest on the south-east and
north-east aspects of the reef (Figure 4.6). Coral cover was less variable on Boot
Reef, ranging from 18.0% in the lagoon (Boot 8) to 29.0% on the exposed eastern
face of the reef (Boot 7). Much of the variation in coral cover among sites was due
to the large differences in coral cover on the shallow reef crests of sites on the

exposed eastern faces of these reefs (Figure 4.7).
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Figure 4.6 Map showing spatial variation in average coral cover across Ashmore and Boot
Reefs. Sites surveyed during the 2023 voyage are shown in blue text, and sites surveyed
during previous voyages (2018 and 2022) are shown in grey text. The size and colour of
the circle relates to the percentage of hard coral cover at each site. Data are based on
replicate 50m point-intercept transects.
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Figure 4.7 Photographs showing the variation in the cover and richness of corals on
exposed reef crests of Ashmore and Boot Reefs. Clockwise from top: Ashmore 16,
Ashmore 13, Boot 6 and Boot 7. Note the extremely low coral cover on the reef crest at
Boot 6. Photos: Victor Huertas

Coral richness - The average taxonomic richness of corals across Ashmore and
Boot Reefs, based on the number of hard (scleractinian) coral taxa (mostly genera)
recorded using the 50m point-intercept transects at each survey site, was 17.4 taxa
per site. Average taxonomic richness was relatively consistent between reefs
(Ashmore: 17.0 taxa per site; Boot: 18.2 taxa per site) but displayed considerable
variation among sites within each reef (Ashmore: 13-20 taxa per site; Boot: 13-22
taxa per site; Figure 4.8). The highest coral richness on both Ashmore and Boot
Reefs was recorded on the north-western aspect of each reef during previous
surveys (2018 and 2022; Ashmore 1: 29-32 taxa per site; Boot 2: 28 taxa per site).
The lower richness recorded during the 2023 surveys likely reflects the different
sites and aspects surveyed in each year, rather than a decline in coral richness.
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Figure 4.8 Map showing spatial variation in average taxonomic richness of corals across
Ashmore and Boot Reefs. Sites surveyed during the 2023 voyage are shown in blue text,
and sites surveyed during previous voyages (2018 and 2022) are shown in grey text. The
size and colour of the circle relates to the number of coral taxa recorded at each site.

Coral recruitment - Atotal of 6,912j uveni | e cor al;Rylagrelane m di a me
1983) were recorded across the 17 shallow reef sites surveyed on Ashmore and

Boot Reefs in 2023, equating to a mean density of 69.8 juvenile corals per 10m?

(Ashmore: 72.8 juvenile corals per 10m?; Boot: 65.8 juvenile corals per 10m?). The

density of juvenile corals was highly variable among sites, ranging from 22.5 to

116.7 juvenile corals per 10m? at Ashmore 7 and Ashmore 14, respectively (Figure

4.9). The density of juvenile corals was generally greater on sites on the exposed

eastern and south-eastern aspect of each reef, and lower in the lagoon and

sheltered sites on the western aspect of each reef. The density of juvenile corals

recorded on Ashmore and Boot Reefs in 2023 were the highest recorded across all

CSMP reefs over the past six years (2018-2023), and directly comparable to those
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of more connected reef systems (e.g., mid-shelf GBR: 61-82 juvenile corals per 10
m?2, Trapon et al. 2013; New Caledonia: 20 - 116 juvenile corals per 10 m?,
Adjeroud et al. 2010).

Comparisons to other CSMP reefs surveyed in 2023 show that Ashmore and Boot
Reefs have among the highest coral cover and coral richness, and the greatest

density of juvenile corals recorded across all reefs (Figure 4.10).
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Figure 4.9 Spatial variation in the density of juvenile corals across Ashmore and Boot
Reefs. Top: Map showing spatial variation in the density of juvenile corals among sites.
Sites surveyed during the 2023 voyage are shown in blue text, and sites surveyed during
previous voyages (2018 and 2022) are shown in grey text. The size and colour of the circle
relates to the number of coral taxa recorded at each site. Bottom: Box plot showing
differences in the density of juvenile corals among sites.
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Figure 4.10 Variation in (a) coral cover, (b) coral richness, and (c) juvenile coral densities
among 11 reefs in the Coral Sea Marine Park (CSMP) in 2023. Coral cover and richness
data are based on the 50m point-intercept transects, with data for richness based on the
number of coral taxa recorded at each site (i.e., pooled across transects and slope and
crest habitats). Juvenile coral data are based on the 10 x 1m belt transects. Reefs are
arranged into the central and northern CSMP and coloured by a priori regional
assignments. Dotted lines represent regional averages.

Crustose coralline algae (CCA) i The average cover of crustose coralline algae
(CCA) recorded across the 17 sites at Ashmore and Boot Reefs was 18.1%
(Ashmore Reef:19.6%; Boot Reef: 13.9%), and lower than other reefs in the

northern CSMP (Bougainville: 23.5%; Osprey: 35.6%) and reefs in the central
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CSMP (33.3%; Figure 4.11). WhileCCAGs are generally viewed
component of healthy coral reef ecosystems, contributing to reef calcification,

cementing and infilling (e.g., Teichert et al. 2020; Cornwall et al. 2023), inducing

the settlement of coral larvae (e.g., Harrington et al. 2004; Abdul Wahab et al.

2023), and potentially the provision of 3-dimensional structure for reef associated

species (Hoey et al. 2022), the lower levels of CCA at Ashmore and Boot Reef

likely reflect the higher cover of live coral on these reefs.
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Figure 4.11 Variation in the cover of crustose coralline algae among 11 reefs in the Coral
Sea Marine Park (CSMP) in 2023. Data are based on the 50m point-intercept transects.
Reefs are arranged into the central and northern CSMP and coloured by a priori regional
assignments (following Hoey et al. 2020). Dotted lines represent regional averages.
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Coral reef fish

The abundance, richness and biomass of coral reef fish assemblages is tightly
linked to the composition and structure of benthic communities. In particular, the
cover and composition of live corals is a major determinant of reef fish
assemblages with approximately 75% of reef fish species using live coral at some
stage during their life cycle (e.g., as a settlement or juvenile habitat; Coker et al.
2014). Given the high cover and taxonomic richness of coral assemblages on
Ashmore and Boot Reefs, it is not surprising that these reefs support abundant and
diverse reef fish assemblages.

A total of 32,797 fishes were recorded across the 17 sites surveyed across Boot
and Ashmore Reefs in 2023. Eleven fish species (Chromis richardsoni, Cirrhilabrus
sp., Epinephelus spilotoceps, Lutjanus biguttatus, Naso lopezi, Naso minor, Naso
thynnoides, Pentapodus aureofasciatus, Pycnochromis lineatus, Scarus festivus,
and Sphyraena genie) that had not been recorded during surveys or observations
of shallow reef habitats of these reefs or the broader CSMP on the previous
voyages (2018-2022) were recorded during the 2023 surveys. Three of these
species (N. lopezi, N. minor, and P. aureofasciatus) have been previously recorded
in deeper (>40m) reef habitats in the CSMP using baited remote underwater video
systems (BRUVSs; Galbraith et al. 2022), and the remaining eight species were new
records for the CSMP. These new observations take the total fish species recorded
in shallow reef habitats on Ashmore and Boot Reefs to 331 species, and >650

species across the CSMP during the past seven years of surveys.

The species richness of reef fishes at Ashmore and Boot Reefs was generally high
(average = 88 species per site) and relatively consistent among sites, ranging from
71 species per site at Ashmore 14 to 111 species at Boot 5 (Figure 4.12). These
estimates of fish species richness were, however, generally lower than those
recorded during previous surveys at these reefs (i.e., 2018 and 2022), and likely

reflect the different habitats and aspects surveyed in each year.
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The mean density and biomass of reef fish across Ashmore and Boot Reefs was
200.8 individuals per 100m? and 12.7 kg per 100m?, respectively. There was,
however, considerable variation in reef fish density and biomass among sites, with
reef fish density varying 4.5-fold, from 127 (Ashmore 8) to 567 individuals per
100m? (Ashmore 16), and reef fish biomass varying 27.7-fold, from 4.7 (Ashmore
13) to 130.4 kg per 100m? (Ashmore 16; Figures 4.13, 4.14). Notably, the density
and biomass of reef fish at Ashmore 16 was one of the highest, if not the highest,
recorded across all CSMP reefs in the past 6 years, with large schools of trevally
and midnight snapper distributed along the reef edge (Figure 4.15). The estimated
biomass of reef fish at Ashmore 16 is an order of magnitude greater that estimates
of unfished biomass for coral reefs globally (10 1 12.5 kg per 100m?; MacNeil et al.
2015; McClanahan 2018). This site was on a promontory (or point) on the exposed
eastern aspect of Ashmore Reef, and experiences strong water flow (even during
slack tides when our surveys were conducted), and it is likely that the strong water
flow and mixing of currents makes this a highly productive area for reef fishes.
Reef fish biomass was also particularly high on the reef slope at Boot 5, with large

schools of paddletail snapper, bumphead parrotfish, and unicornfish.
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Figure 4.12 Map showing spatial variation in average taxonomic richness of reef fish
across Ashmore and Boot Reefs. Sites surveyed during the 2023 voyage are shown in
blue text, and sites surveyed during previous voyages (2018 and 2022) are shown in grey
text. The size and colour of the circle relates to the number of fish species recorded at

each site.
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Reef fish density
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Figure 4.13 Spatial variation in the density of reef fish across Ashmore and Boot Reefs.
Top: Map showing spatial variation in the density of reef fish among sites. Sites surveyed
during the 2023 voyage are shown in blue text, and sites surveyed during previous
voyages (2018 and 2022) are shown in grey text. The size and colour of the circle relates
to the number of coral taxa recorded at each site. Bottom: Box plot showing differences in

the density of reef fishes among sites
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Figure 4.14 Spatial variation in the biomass of reef fish across Ashmore and Boot Reefs.
Top: Map showing spatial variation in the biomass of reef fish among sites. Sites surveyed
during the 2023 voyage are shown in blue text, and sites surveyed during previous
voyages (2018 and 2022) are shown in grey text. The size and colour of the circle relates

to the number of coral taxa recorded at each site. Bottom: Box plot showing differences in
the biomass of reef fishes among sites
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Photographs of abundant and high biomass fish communities at Boot site 5 on the
exposed aspect of Boot Reef, northern Coral Sea Marine Park. Top: Large school of
bumphead parrotfish (Bolbometopon muricatum) on the shallow reef crest. Each individual
is 80-100cm long. Bottom: School of paddletail snapper (Lutjanus gibbus) closely
associated with the benthos at 12m on the reef slope. Note the difference in the benthic
communities between habitats. Image credits: Andrew Hoey
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Overall, the taxonomic richness of reef fishes at Ashmore and Boot Reef were
comparable to the other northern CSMP reefs surveyed in 2023, however the
density of reef fishes at Boot Reef, and the density and biomass of reef fishes at
Ashmore Reef were lower than those of the other two reefs in the northern CSMP
(Figure 4.16). The lower estimates of reef fish density and biomass compared to
other CSMP reefs, and the lower estimates of reef fish richness, density and
biomass compared to previous surveys at Ashmore and Boot Reefs in 2018 and
2020 likely reflect the lower coral cover and structural complexity of sites surveyed
on the exposed eastern aspect of both reefs in 2023. Previous sites that had been
surveyed of the sheltered western aspect of each reef, and several sites within the
lagoon at Ashmore Reefs were inaccessible due to unfavourable weather

conditions at the time of the surveys.
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Figure 4.16 Spatial variation in the (a) species richness, (b) abundance, and (c) biomass
of coral reef fishes and sharks among the 11 reefs surveyed in the Coral Sea Marine Park
during 2023. Data are based on the 50m belt transects, with data for richness based on
the number of fish species recorded at each site (i.e., pooled across transects and slope
and crest habitats). Reefs are arranged into the central and northern CSMP and coloured
by a priori regional assignments (following Hoey 2020). Dotted lines represent regional
averages.
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Species of potential cultural importance

The Mer Gedkem Le and members of the Mer Island community (in particular
fishers and divers) were consulted regarding species and/or areas on Ashmore
and Boot Reefs that were culturally important during a visit to Mer Island (11-14
October 2022) by the Project Lead (Prof Andrew Hoey) and CSMP Manager
(Martin Russell). From these discussions it became apparent that the very few, if
any, of the Meriam People had visited Ashmore and Boot Reefs, and as such their
knowledge of these reefs was limited. No specific areas on these reefs were
identified as culturally important, and the species identified as being of importance
aligned with previous discussions held with the Meriam People in October-
November 2018. The species identified were primarily those of subsistence and
economic importance (sea cucumbers, giant clams, trochus, coral trout, humphead
Maori wrasse, barramundi cod, sharks). Humphead Maori wrasse and barramundi

cod were rarely observed on the transects and so are not present here.

Giant clams i Overall, 64 giant clams (Tridacna spp.) were recorded across the
17 sites on Ashmore and Boot Reefs in 2023, with the vast majority (57 individuals,
89.1%) being Tridacha maxima and Tridacha squamosa. The other species
recorded were Tridacna derasa (2 individuals, 3.1%) and Tridacna gigas (4
individuals, 6.3%). The average density of giant clams (Tridacna spp.) across all
sites was low (0.6 clams per 100m?) compared to other Indo-Pacific reefs (e.g.,
French Polynesia: 291-771 clams per 100m? Gilbert et al. 2006; Malaysia: 1-5
clams per 100m?, Tan et al. 1998; Palau: 16.2 clams per 100m?, Hardy and Hardy
1969), but comparable to previous studies of the CSMP and GBRMP (e.g., Hoey et
al. 2020). There was, however, considerable variation among sites, ranging from 0
clams per 100m? on many of the sites on the exposed eastern aspect of both reefs
to 2.2 clams per 100m? within the lagoon at Ashmore Reef (Ashmore 7 and
Ashmore 10; Figure 4.17). Importantly, four large T. gigas were recorded in the
lagoon at Ashmore Reef, yet this species is extremely rare or absent on other
CSMP reefs (Hoey et al. 2020, 2021, 2022).
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Figure 4.17 Spatial variation in the density of clams (Tridacna spp.) across Ashmore and
Boot Reefs. Top: Map showing spatial variation in the density of clams among sites. Sites
surveyed during the 2023 voyage are shown in blue text, and sites surveyed during
previous voyages (2018 and 2022) are shown in grey text. The size and colour of the circle
relates to the density of clams recorded at each site. Bottom: Photograph of Tridacna
gigas in the lagoon at Ashmore 10. Image credit: Andrew Hoey
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Trochus i Tectus spp. (formerly Trochus) were relatively rare across the sites
surveyed on Ashmore and Boot Reefs, with 13 individuals recorded across the 17
sites, equating to mean density of 0.13 individuals per 100m? (Figure 4.18). The
density of Trochus tended to be greater at lagoon sites in the south of Ashmore
Reef, however given the low and variable densities across all sites (0-2 individuals
per 100m?, with Trochus being not recorded at many sites) it is difficult to
determine if these differences are ecologically meaningful. The estimates of
Trochus density were, however, higher than those of previous studies in the CSMP
and GBRMP (<0.002 individuals per 100m?; Hoey et al. 2020), comparable to
those of Ashmore Reef, Western Australia (0.2-0.4 individuals per 100m?;
Ceccarelli et al. 2010), and lower than those from Guam (up to 100 individuals per
100m?; Smith 1987).
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Figure 4.17 Map showing the spatial variation in the density of Trochus spp. across
Ashmore and Boot Reefs. Sites surveyed during the 2023 voyage are shown in blue text,
and sites surveyed during previous voyages (2018 and 2022) are shown in grey text. The
size and colour of the circle relates to the density of Trochus recorded at each site.
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Sea cucumbers i A total of 32 sea cucumbers (Holothuroidea) from 8 species
were recorded across the 17 sites on Ashmore and Boot Reefs in 2023, equating
to an average of 0.36 individuals per 100m?. These estimates of sea cucumber
density were comparable to those of previous studies of similar habitats in the
CSMP (e.g., 0.38 individuals per 100m?; Hoey et al. 2020), but lower than those
from the GBRMP (ca. 1-2 individuals per 100m?; Hoey et al. 2020), and lagoonal
habitats within the CSMP (1.33 individuals per 100m?; Skewes and Persson 2017).
Interestingly, the highest density of sea cucumbers was recorded at Boot 8 (1.7
individuals per 100m?). Boot 8 is within the enclosed lagoon at Boot Reef (Figure
4.19) and can only be accessed by small vessels at high tide (i.e., when there is
sufficient water to navigate over the shallow reef flat). The higher densities of sea
cucumber at this site may reflect lower fishing pressure and warrants further

investigation.
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Figure 4.18 Map showing the spatial variation in the density of sea cucumbers
(Holothuroidea) across Ashmore and Boot Reefs. Sites surveyed during the 2023 voyage
are shown in blue text, and sites surveyed during previous voyages (2018 and 2022) are
shown in grey text. The size and colour of the circle relates to the density of sea
cucumbers recorded at each site.
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Figure 4.19 Aerial photograph of the enclosed lagoon at Boot Reef. Image credit: Stuart
Ireland, Millstream Productions

When interpreting the density estimates of these macroinvertebrates (i.e., giant
clams, trochus and sea cucumbers), and the species composition of giant clams
and sea cucumbers across the CSMP, consideration needs to be given to the
sampling design, and in particular the habitats surveyed. Our surveys were
designed primarily to provide robust estimates of coral and associated reef fish
assemblages, and as such were conducted on areas of contiguous reef with a
defined reef crest adjacent to a reef slope. These are not the preferred habitats for
many of these macroinvertebrates. For example, most giant clam (Tridacna)
species, and T. gigas in particular, are most abundant in lagoonal and shallow reef
flat habitats (e.g., Braley 1987), and would require dedicated surveys in these
habitats to assess spatial and temporal changes in their populations. Similarly, and
as noted previously (e.g., Hoey et al. 2020), the density estimates of sea
cucumbers provided herein are substantially lower than those of previous
dedicated sea cucumber surveys in the central CSMP (average of 1.33 individuals
per 100m? for all species combined; 1.06 individuals per 100m? for H. atra; Skewes
and Persson 2017). These differences likely reflect differences in the habitats
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surveyed, rather than significant changes in sea cucumber populations. Although
we had planned to conduct more detailed surveys of lagoon habitats during this
voyage, unfavourable weather made these areas unworkable. The surveys
conducted on consolidated reef habitat do, however, provide valuable information
of the abundance of these macro-invertebrates that are directly comparable to
previous surveys of reefs within the CSMP and GBRMP (e.g. Hoey et al. 2020,
2021, 2022, 2023), as well as the broader Indo-Pacific (e.g., sea cucumbers:
Eriksson et al. 2005; Ceccarelli et al. 2011; Tridacna: Gilbert et al. 2006; Van
Wynsberge et al. 2015; Rossbach et al. 2021)

Coral trout 1 Coral trout (Plectropomus spp.) and coronation trout (Variola spp.)
were common, although not abundant across Ashmore and Boot Reefs at the time
of our surveys (average density: 0.1 individual per 100m?; Figure 4.20). This low
density of coral trout may reflect the habitats and sites surveyed in 2023
(predominantly on the exposed eastern aspect of the reefs) and the low structural
complexity at the sites, potential fishing activities on these reefs, or movement of

individuals to spawning aggregations at the time of our surveys.
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Figure 4.20 Map showing the spatial variation in the density of coral trout (Plectropomus
spp and Variola spp) across Ashmore and Boot Reefs. Sites surveyed during the 2023
voyage are shown in blue text, and sites surveyed during previous voyages (2018 and
2022) are shown in grey text. The size and colour of the circle relates to the density of
coral trout recorded at each site.

Sharks i Sharks (predominantly grey reef sharks Carcharinus amblyrhynchos, and
silvertip sharks Carcharinus albimarginatus) were relatively common across
Ashmore and Boot Reefs (average density: 0.1 individual per 100m?; average
biomass 7.8 kg per 100m?). Sharks were generally more abundant on the exposed
eastern aspect of both reefs, compared to the lagoon or sheltered western aspects
(Figure 4.21). The relatively high abundance of sharks is indicative of low or limited

fishing on these reefs.
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Figure 4.21 Map showing the spatial variation in the density of sharks across Ashmore
and Boot Reefs. Sites surveyed during the 2023 voyage are shown in blue text, and sites
surveyed during previous voyages (2018 and 2022) are shown in grey text. The size and
colour of the circle relates to the density of sharks recorded at each site. There was similar
spatial variation in the biomass of sharks among sites.

4.2.2 Deep Reef Habitats

Despite unfavourable weather 14 ROV dives and 30 transects were conducted
across 7 sites (Ashmore: 6 sites; Boot: 1 site; Figure 2.1), and at depths from 11m
to 80m.

Coral cover i Coral cover on Ashmore Reef was greatest in the 11-20m and 31-
40m depth band (13.2% and 14.1% respectively) and declined markedly to 9.3% in
the 41-50m depth band (Figure 4.22). Coral cover then declined gradually with
increasing depth to 2.5% in the 61-70m depth band, before increasingly slightly to
6.1% in the 71-80m depth band. Coral cover was generally higher within the
respective depth bands on Boot Reef, with average coral cover declining from
20.3% at 41-50m, to 13.0% at 51-60m and 9.3% at 61-70m (Figure 4.22). It should
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be noted, however, that estimates of coral cover at Boot Reef are based on a

single site and cannot be assumed to be representative of the reef as a whole.
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Figure 4.22 Variation in coral cover among depth bands on Ashmore (11-80m) and Boot
(41-70m) Reefs. Coral cover is based on two ROV transects in each depth at each of six
sites at Ashmore Reef and one site at Boot Reef.

Together with the decline in live coral cover with increasing depth on Ashmore
Reef, the cover of the green calcified macroalga Halimeda was highest at 11-20m
(51.9%), before gradually declining to 3.5%% at 61-70m (Figure 4.23). The cover
of reef pavement also declined in cover with depth, from 19.4% at 11-20m to
13.8% at 61-70m, while the cover of unconsolidated substrata (i.e., sand and

rubble) increased from 2.5% at 11-20m to be the dominant substratum at depths
below 40m (53.9 - 86.5%; Figure 4.23).
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Figure 4.23 Variation in benthic community composition among depth bands on Ashmore
(0-80m) and Boot (41-70m) Reefs. Coral cover is based on two ROV transects in each
depth at each of six sites at Ashmore Reef and one site at Boot Reef.

Despite the relatively low average cover of live corals in deep reef habitats on
Ashmore and Boot Reefs, there were areas of high coral cover interspersed within
areas of unconsolidated substrata on both reefs (Figure 4.24).
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Figure 4.24 Mesophotic Coral Ecosystems at Ashmore Reef (top and middle) and Boot
Reef (bottom) surveyed using an ROV at depths between 50-70m
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