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Summary
The listing of White Teatfish (Holothuria fuscogilva) under CITES Appendix II, their vulnerability
to overfishing, and Australian government legislation, requires an assessment of their
population status within the Queensland Sea Cucumber Fishery (East Coast), (QSCF-EC). A
review of methods to census sea cucumbers was undertaken to present options for a fishery
independent survey of White Teatfish. Within the QSCF-EC, White Teatfish are sparsely and
patchily distributed and found mostly within deeper water habitat (10 m – 50 m). This means
that commonly-used methods to survey sea cucumber in shallow waters, such as manta tows,
will need to be augmented with deepwater survey methods in order to census the population.
Occupational health and safety concerns restricts the operation of divers (SCUBA or Hookah)
to < 20-25 m. The use of underwater cameras (including video) mounted on a submersible
platform, such as remotely operated vehicles (ROVs), automated underwater vehicles (AUVs)
or drop cameras) can overcome such restrictions and potentially provide alternative to diverbased data on counts and size of sea cucumbers with similar accuracy and precision.
Furthermore, the emergence of image-recognition technology facilitated by machine learning
and artificial intelligence (AI) potentially allows for the rapid and accurate assessment of video
camera footage to provide a cost-effective means of estimating biomass from stratified random
surveys.
We have used diver logbook data on the location and catch of White Teatfish, combined with
detailed description from divers about the habitat in which White Teatfish are found in the
QSCF-EC, to suggest options for potential fishery independent surveys. The potential costs, and
pros and cons of these options are discussed.
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Introduction
White Teatfish are among the world’s most commercially-valuable species of sea cucumber
(Buckius et al. 2010). The fisheries biology of White Teatfish is summarised by Koopman and
Knuckey (2020). Catches of White Teatfish (Holothuria fuscogilva) from the Great Barrier Reef
Marine Park have reduced from just over 120 t during 2000-2001 to around 50 t since 2004–
2005 (Figure 1) in line with Total Allowable Catch ( TAC).
As of 28 August 2020, White Teatfish are listed under Appendix II of the Convention on
International Trade in Endangered Species of Wild Fauna and Flora (CITES) (SRG 2018). To allow
the continued commercial harvest and export of White Teatfish from the Queensland Sea
Cucumber Fishery (East Coast ) (QSCF-EC), the Australian government, through the Department
of Agriculture, Water and the Environment (DAWE), must be satisfied that sustainable
management measures are in place.
Robust measures of population abundance could greatly assist in effective management of
White Teatfish. As sedentary benthic-dwelling animals, sea cucumbers are suited to visual
censuses particularly in shallow reefal habitat accessible to divers. Under the conditions
applied by DAWE, the Queensland Department of Agriculture and Fisheries (DAF), the
managers of the QSCF-EC “must conduct a feasibility study for divers and/or remotely operated
vehicles to conduct a fishery independent survey of the White Teatfish (Holothuria fuscogilva)
population in the area of the Queensland Sea Cucumber Fishery (East Coast) that will:
•
•
•
•

be suitable to estimate population biomass and density for the species;
be peer reviewed;
provide information to evaluate the use of survey data in a stock assessment; and
if feasible, include a proposed date for completion and publication of survey results.”

Here, methods for fishery-independent surveys are reviewed in the context of applying a costeffective method to estimate the biomass of White Teatfish in the QSCF-EC.

Figure 1 Annual catch (t) of White Teatfish by the Queensland’s East Coast Sea Cucumber
Fishery. Number of licences contributing to the data is annotated for each year.
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White Teatfish Distribution
Globally, White Teatfish are distributed from Madagascar and the Red Sea in the west, to Easter
Island in the east and from southern China, south to Lord Howe Island (Conand, 2008; Purcell
et al., 2012). They occur throughout much of the western central Pacific as far east as French
Polynesia. In Australia, White Teatfish are distributed from about Maningrida, Northern
Territory (NT), across north-eastern Australia including offshore islands and reefs, and down
the east coast to Koumala, NSW (Figure 2). White Teatfish commonly inhabit outer barrier reef
slopes, lagoon pinnacles, back reefs, reef passes and sandy areas in semi-sheltered reef habitats
at depths of 10 to 50 m (Purcell et al., 2012; Skewes and Persson, 2017). They can also be found
in seagrass beds between 0 and 40 m depth (e.g. Papua New Guinea and India). In Fiji, they
recruit in shallow seagrass beds (Conand, 1989) and move deeper with age (Conand, 2008).
There is little information on the stock structure of White Teatfish in northern Australia. Based
on mtDNA (mitochondrial DNA) analyses, Uthicke et al. (2004) reported a large intra-specific
sequence divergence exists, indicating potential for presence of several cryptic species in a
White Teatfish complex. The Status of Australian Fish Stocks Reports lists this species at four
management unit levels: 1) Torres Strait bêche-de-mer Fishery (Commonwealth); 2) Coral Sea
Fishery (Commonwealth); 3) Trepang Fishery (Northern Territory); and 4) East Coast Sea
Cucumber Fishery (Queensland).

Figure 2. Distribution of White Teatfish in Australia. Source © FAO, 2016. Aquatic Species
Distribution Maps. FAO aquatic species distribution map of Holothuria fuscogilva. In: FAO Fisheries and Aquaculture Department (FI) [online]. Rome. Updated 2016-08-24
http://www.fao.org/geonetwork/srv/en/main.home?uuid=fao-species-map-hff.
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The Queensland East Coast Sea Cucumber Fishery
The QSCF-EC is a limited entry fishery with 18 licences, however these are held by two
operators who can nominate no more than three persons to take or sell sea cucumbers under
the licence. These licences allow only the take of sea cucumbers. Only hand harvesting is
allowed while free diving or using hookah or SCUBA. A maximum of ten divers can dive a licence
at any one time, however industry has voluntarily limited effort to no more than four divers at
any one time. The total fishery management area is 503,206 km2 (Figure 3) but this includes
areas that are not favourable habitat for White Teatfish.
Like other dive-based fisheries, operators in the QSCF-EC require a permit from the Great
Barrier Reef Marine Protected Area (GBRMPA) to operate within the Great Barrier Reef Marine
Park. Fisheries Queensland has a Memorandum of Understanding (MOU) with the two licence
holders that dictates the following major management tools (DAF, 2020):
•
•
•

Rotational Zoning Scheme (catch and effort allowed in each area);
Total Allowable Catches (TACs) for Black Teafish (30 t), White Teatfish (53 t), Burrowing
Blackfish (225 t) and a basket TAC for all other species on 308 t ; and,
Minimum size limits (estimated to be 15% larger than the size of which each species reaches
sexual maturity: for White Teatfish this is 40 cm).

In the Rotational Zoning Scheme, the fishery is divided into 154 rotational zones that are
grouped into three rotations (Smith and Roelofs 2011). Each rotation is only open to fishing
during one of every three years. The order in which the rotations are opened to fishing is the
same for each three-year period. Each rotational zone can only be fished for a maximum of 15
days per year by only one operator unless otherwise agreed.
As part of the fisheries reform package, management of many Queensland fisheries is in the
process of being modernised. The rotational harvest will go into the harvest strategy, minimum
sizes will go into an industry standard operating procedure and the total allowable catch would
no longer be a licence condition, and instead be a declared quota in legislation.
Catches of White Teatfish peaked in 2000–01 at 123 t, dropping to about 95 t during 2001–02
to 2003–04, and have since been steady, averaging about 50 t per year (Figure 1). Of the 53 t
TAC set for White Teatfish in the 2019–20 financial year, nearly 52.97 t was been landed, and
as of the 20th April 2021, 52.99 t of the 2020–21 financial year TAC had been caught1.
White Teatfish are generally caught in deep water with more than 80% of the QSCF-EC catch
coming from 15–30 m depth (Figure 4), and between latitudes 19˚ 30’S and 12˚ 00’S (Figure 5).
The location of the catch in relation to mapped reef structure varies across the fishery. North
of 17˚ 50’S, only 29–32% of the catch and 32–33% of the effort overlapped with areas classified
as features, while most of the catch and effort was recorded from waters on the landward side
of outer reef features (see Figure 6 for example). These areas outside of mapped reefs are
know to fishers as “paddock country”, and from Princess Charlotte Bay north, are loosely
defined as from 3 nm landward of the outer reefs to 9 nm landward of the outer reefs (Ben
Cochrane, pers. comm.). From Princess Charlotte Bay to Townsville, White Teatfish are found
more on reefs, on reef edges or in holes found of the reef. From areas south of 17˚ 50’S, most
of the catch (56–57%) and about half for the effort (50–55% of days fished) was taken on
mapped features off the dry reef (see Figure 6 for example). The distribution of White Teatfish
in the south are described as more randomly distributed and in lower densities than in the
north (Ben Cochrane, pers. comm.).
1

https://fishnet.fisheries.qld.gov.au/Content/Public/ViewReport.aspx?ReportID=2 (Accessed 20/4/2021)
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Figure 3. Management areas of the Queensland East Coast Sea Cucumber Fishery.

Figure 4. Cumulative catch of White Teatfish for records where depth was recorded,
representing more than 80% of the catch.
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Figure 5. Cumulative catch of White Teatfish by latitude, representing more than 80% of the
catch since the 2010-2011 financial year.

MAP REDACTED

Figure 6. Example of location of catch and effort in relation to reef north (left panel) and
south (right panel) of 17˚ 50’S.
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Fisheries Queensland does have the ability to monitor catch rates and rotational fishing using
catch records and VMS, and can reduce allowable take of specific species if required. This
process will be improved though the modernisation of the management through the
Sustainable Fisheries Strategy, however the current system does give Fisheries Queensland the
ability to intervene if required.
There are numerous area closures in the Great Barrier Reef Marine Park and Queensland State
Marine Parks, with about 37% of the area of the commercially accessible habitat closed to
fishing.
Recreational catch of White Teatfish is prohibited in Queensland waters.
The QSCF-EC has no specific harvest strategy (although one is currently being developed), but
there is a performance management system (PMS) that formalises the objectives, performance
indicators, performance measures and management responses developed (DPIF 2008).
Operational objectives of the PMS are:
• To ensure that fished stocks of sea cucumber are maintained at sustainable levels2 by
− monitoring catch data (including for White Teatfish) in relation to reference
points, which if triggered will trigger management responses which may include
spatio-temporal analyses of the catch, increased review reference points,
intervention, resource assessment or cessation of fishing species in certain
areas.
− results of resource assessment re-surveys whereby a 15% decrease in biomass
will trigger a review of spatially explicit catch limits, changing catch limits or
implementing area closures.
• To minimise the risks of concentration of fishing effort leading to unsustainable harvest
at a local scale and to serial depletion in the fishery by ensuring that no more than 15
days of effort are undertaken in any one zone per year, and that operators do not fish
outside of allocated zones.
• Recover stocks of sea cucumber species, considered to have been fished to below
sustainable levels by monitoring population density so that densities are at least 70%
of unfished population density before reopening the fishery (as was done for Black
Teatfish).
• Minimise effects of commercial fishing operations on protected, endangered and
threatened species by requiring reporting of protected species in logbooks, and a
trigger level that 90% of protected animals caught are released alive which would
otherwise trigger appropriate management responses.
• Minimise fishery impacts on the ecosystem through identification and reporting of
negative impacts on the ecosystem, which would trigger appropriate management
responses. This is done via research projects, logbook data and an annual literature
review on the impacts of removal of commercial sea cucumber species on the
ecosystem.
• Ensuring adequate compliance with management arrangements for the fishery with a
trigger of greater than 30% of active vessels in the fleet committing offences under the
fisheries regulations which would trigger appropriate management responses.

2

Spatially explicit catch limits are set at ≤10% of estimated biomass and are based on current knowledge of
commercial sea cucumber population dynamics and sustainable harvest rates (DPIF 2008). A reduction of ≥15% in
estimated biomass over 3 years could indicate that recruitment / replenishment rates are not sufficient in the
population to sustain the harvest levels demonstrated in the preceding 3–year period.

9

Survey Methods
Introduction
As sedentary benthic animals in relatively shallow coastal waters, sea cucumbers are suited to
visual censuses and, as such, various approaches have been applied to estimate population
abundance. Applicable census methods can be grouped under:
•
•
•

Diver surveys along transects
Manta tows
Underwater cameras (including towed video systems) and Remotely Operated Vehicles (ROV).

For any survey method, there is a trade-off between the sampling effort required to survey vast
areas (e.g. within the QSCF-EC) and the accuracy and precision required for robust biomass
estimates (Shiell and Knott 2008). In essence, the cost (number and size of samples) must be
balanced with the benefit (power to detect change in biomass) and this will influence the choice
of survey method. Furthermore, particularly for sea cucumber surveys, accessibility will be
influenced by water depth. For shallow water (< 10m) divers can count (and collect) sea
cucumbers using snorkel with or without manta tows (see below). For deeper water (> 10 m <
25 m) SCUBA or hookah is required for divers to undertake censuses, but for deeper water (>
25 m) this is impractical for divers due to the amount of time required for decompression, and
underwater cameras are often used, including with the use of remotely operated vehicles.
Notably, White Teatfish are generally found in much deeper waters than other sea cucumbers
including Black Teatfish (Lincoln-Smith et al. 2006, Ceccarellie et al. 2011, Friedman et al. 2011,
Purcell et al., 2012). For example, Skewes and Persson (2017) reported that 65 per cent of
White Teatfish catch in the Coral Sea was taken at locations with a maximum depth recorded
of between 30 and 40 m. Catches in the QSCF-EC, however, appear shallower, with 90% of the
catch coming from 14–30 m depth (Figure 4). This will influence survey method.
A 2002 survey in the Torres Strait estimated the standing stock of Black Teatfish, White Teatfish
and Prickly Redfish (T. ananas) combined was 2,595 tonnes (+ 716 tonnes, 90 % CI) (Skewes, et
al., 2004). The Torres Strait was resurveyed in 2009 (Skewes et al., 2010) and it was reported
that densities of White Teatfish had increased from 0.53 ind/ha in 1995 to 0.85 ind/ha, with a
conservative stock size of 110 t (+40 t, 90% CI). CSIRO has undertaken a new biomass survey in
the Torres Strait during November 2019 to January 2020, and preliminary results were
presented at the 16th Meeting of the Torres Strait Hand Collectables Working Group (AFMA,
2020). Results showed that average (stratified) density in eastern Torres Strait reef zones was
variable over the years, the 2019/20 density estimate was 1.83 per Ha and the preliminary
biomass estimate was 668 t.
Skewes and Persson (2017) undertook biomass surveys on eight reefs in the Coral Sea. They
reported densities of White Teatfish of 0.77 ind/ha, with a biomasses (live weight) of 186.6 t (±
158 t, 90% CI), however the authors state that they think that the biomass of White Teatfish
was greatly underestimated because of the lack of survey data for deeper habitats. A
comparison of densities in reefs closed to fishing and those open to fishing found much lower
densities on reefs open to fishing, although there was considerable variability in densities on
reefs closed to fishing.
Surveys listed above were designed to monitor a range of species. This current survey is
proposed specifically for White Teatfish, and can therefore target the known habitats of White
Teatfish, so long as the habitat area can be calculated using GIS ( to allow extrapolation of
survey results out to broader areas). Survey methods are reviewed below.
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Transects
Transects involve a diver (or divers) counting (and/or collecting) animals either side of a line
laid out on the sea floor (i.e. strip transects). The generally sparse distribution of sea cucumbers
including White Teatfish requires large area transects (> 200 m2).
Yuval et al. (2014) conducted surveys in of sea cucumbers in the Red Sea (south of Eilat, Israel)
in waters up to 4 m deep by snorkel with 5 m-wide transects from 158 to 220 m in length. Mean
densities of White Teatfish ranged from 1.5 to 4.1 individuals/ha. Lane and Limbong (2015)
traded off replication for transect size using 10 m wide transects instead of the commonly
applied 2 m width in surveying sea cucumbers off north Sulawesi Indonesia. In their survey
depths ranged from 5 to 25 m necessitating the use of SCUBA divers and transect lengths were
determined by GPS. The area covered in each replicate transect ranged from 3,000 to
7,000 m2). Even so, for White Teatfish, counts reached a maximum of only 8 individuals (or up
to 5.3/ha) (Lane and Limbong 2015).
Buckius et al. (2010) conducted dive surveys of sea cucumbers in the Solomon Islands to depths
of ~ 10 m with four replicate 60 x 4 m transects at each site. No White Teatfish were found
probably because only shallow sites were surveyed. SCUBA divers surveyed sea cucumbers in
the Egyptian Red Sea from 5 m to 12 m depth counting individuals within 10 m x 10 m quadrats
along a 150 m line (Hasan 2019). In contrast to other surveys, White Teatfish were relatively
abundant (the second highest density of all holothuroids surveyed i.e. > 80/100 m2 in 2000)
although more recent surveys have revealed a decline in abundance (5.7/100 m2 in 2016)
(Hasan 2019). Even so, Hasan’s (2019) data document the highest densities of White Teatfish
recorded.
For the South Pacific Commission (SPC), reef fishery observatory (RFO), a standardised sampling
protocol for sea cucumbers is applied across the 17 SPC countries (Friedman et al. 2011).
Dedicated deep SCUBA searches (25–35 m) are used to determine the abundance of deepwater species including White Teatfish. Each dive station included three 5-minute searches by
two divers (i.e. a total of 30 minutes of searching equivalent to 4,200 m2). With this method,
White Teatfish were found in between 14% (2.2/ha) and 47% (8.6/ha) of replicates (Tonga),
between 33% (0.7/ha) and 100% (4.4/ha) of replicates (Fiji), 18% (7.6/ha) of replicates (Palau)
and 60% (10.8/ha) of replicates (Papua New Guinea).
The importance of stratifying for habitat type was shown by Ceccarelli et al. (2011) who
surveyed sea cucumbers on Ashmore Reef (north of Australia). They used three 500 m x 5 m
transects between five habitat types including lower reef slopes which were swum by SCUBA
divers. Shallower habitats were swum by snorkelers but they found no White Teatfish. White
Teatfish were found in oceanic-influenced lagoons and passes but at very low densities (1.4/ha
1998, 0.2/ha 2003, 2006) (Ceccarelli et al. 2011). Similarly, Dissanayake and Stephansson
(2012) surveyed 500 sites ranging from 1 m to 30 m depth using 100 m x 2 m transects. The
lowest abundance across all sites was for White Teatfish.
Lincoln-Smith et al. (2006) used a before/after/control/impact (BACI) design to evaluate the
effectiveness of marine reserves on conserving stocks of sea cucumbers (including White
Teatfish) in the Solomon Islands. BACI designs are resource intensive (Underwood 1992)
requiring sufficient replication (i.e. surveys within sites within each of BACI) to compare before
the reserve was established in 1995 and after (1999); and control (no-fishing) with impact
(fishing). Notably, they used relatively small survey areas (5 m x 50 m transects) but with six
transects randomly censused within each of 5-10 ha sites. This replication yielded sufficient
power to detect at least a 20% change in density and mean size of cucumbers across the BACI
11

experiment including White Teatfish. The density and mean size of White Teatfish were shown
to be significantly greater in the marine reserve (Lincoln-Smith et al. 2006).

Manta Tows
Manta tows typically involve divers (usually snorkelers) towed by a slow-moving boat (~ 2
knots) with divers attached to a board (manta) equipped with counters (to tally various species)
and a gauge (usually 2 m) to assess width of survey area. Distance (along a transect line) is
usually measured by GPS. Manta tows are used when densities of sea cucumbers are too low
to be reliably estimated by transects (Uthicke and Benzie 2000, Shiell and Knott 2008) and is
the preferred method for surveying sea cucumbers by SPC for the 17 member countries
(Friedman et al. 2011). Each transect covers a distance of 300 m giving a survey area of 600 m2
for each replicate transect.
The major disadvantage with manta tows is that the method is only suitable for censuses in
shallow habitat (< 10 m). For example, manta tow surveys in Fiji found White Teatfish in only
2% of surveys compared with 100% in SCUBA surveys of deep-water sites. Furthermore, manta
tows are likely to underestimate the density of cryptic or nocturnal species (Eriksson et al.
2012). Shiell and Knott (2008) showed that sheltering behaviour of sea cucumbers may
contribute to the underestimation of population densities by manta tows by as much as 16%.

Remotely operated vehicles (ROV) cameras
Increasingly, feasibility of deepwater diving and concerns over diver safety are restricting visual
censuses to depths < 25 m and relatively short survey times. Other hazards to divers include
crocodiles near sea cucumber habitat (Buckius et al. 2010) and, collectively, these issues have
prompted alternative methods for visual censuses including the use of underwater cameras
usually deployed on remotely operated vehicles (ROVs). Towed underwater video systems can
be used to effectively enumerate a range of benthic organisms (e.g. Sheehan et al. 2016)
however these systems can only be used in relatively flat featureless sea floor and are generally
unsuited for use in reefal habitat. ROVs which can be positioned at any depth above the
seafloor that is most suitable for the complex reef habitat characteristic of sea cucumbers
including White Teatfish (Koopman et al. 2019).
Buckius et al. (2010) used paired transects to show similar accuracy of sea cucumber densities
estimated by divers and video camera. Similarly, there was no significant difference in sea
cucumber density estimated by diver and by camera, operated in conjunction with a ROV
(Carson et al. 2016, Koopman et al. 2019; see also Boavida et al. 2016 for a general comparison
of diver vs ROV census methods). Importantly, water clarity (> 4m visibility) is required for
effective visual censuses by camera (Buckius et al. 2010).
The main advantage of cameras deployed from ROVs is efficiency: a greater areal coverage at
depths practically inaccessible by divers in the available time (Boavida et al. 2016). This is
particularly important when censusing a large area represented by the QSCF-EC and the
prevalence of White Teatfish in deep water habitat (20 – 50 m). Good quality ROVs (Figure 7)
have been proven to capture high resolution videos and images (see example from Koopman
et al. 2019, in Figure 8) as permanent record of each sampling event, including habitat. A
disadvantage of ROVs is susceptibility to tidal currents creating drag on the tether (Koopman
et al. 2019, This can be addressed by running ROV transects into a weak current to provide for
good image stability (Koopman et al. 2019). Furthermore, unlike divers, ROVs cannot
(practically) collect sea cucumbers but weights of individuals can be derived from known length
weight relationships (e.g. Reichenbach 1999 or derived from diver collections).
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Potentially, cameras may not detect buried or cryptic individuals (Consoli et al. 2018) but this
may occur for divers as well (Koopman et al. 2019). Technological advances in low-light video
technology, however, and the opportunity to apply artificial intelligence (AI) image recognition
technology and machine learning to quantify the density and size of specific individuals
including sea cucumbers (Guo et al. 2019) presents a powerful method for censusing sea
cucumbers (e.g. Carson et al. 2016, Koopman et al. 2019) including White Teatfish.
Processing the ROV imagery is far more time intensive than data collected by divers. Based on
the Burrowing Blackfish survey (Koopman et al. 2019), processing the imagery to get a working
data set took about 2.4 days per field day, however a recent quote from the same supplier
estimated 0.5 days image processing per day of image capture. During that survey, two other
limitations of using ROVs were revealed:
•

•

Sampling was limited by battery power on the ROV and laptop used to control it. On
the first day, only 9 transects were undertaken on the first day due to a late start and
for refining the methods. On the second day 19 transects were undertaken while 13
transects were undertaken on the final day of sampling which included the three
calibration transects. Limitations of sampling efficiency could be reduced by carrying
additional batteries and working out of a larger vessel with 240V power to recharge
batteries.
High winds posed a risk to onboard equipment to sea spray that could damage electrical
equipment. Again, this risk could be reduced by operating out of a larger vessel.

Figure 7. ROV used in Gould Reef Burrowing Blackfish survey (Koopman et al. 2019). Photos
courtesy of Fathom Pacific.
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Figure 8. Example of high resolution ROV camera transect.

Drifts with drop cameras
During their recent Torres Strait sea cucumber survey, Murphy et al. (2021) used a drop camera
which was drifted along with the current for sites of depth 20–50 m. They undertook 10 minute
drifts which covered 40–600 m.
The drop camera used was a Deep Trekker
(https://www.deeptrekker.com/) ROV (possible the DTG3). The DGT Smart is equipped with a
full HD camera, LED lights, up to 8 hours battery life and a depth rating to 200 m. It is required
to be tethered and comes with a 75 m tether and has a forward speed of 2.5 knots. Using it as
a drifted drop camera rather than a flown ROV removes the impact of currents on the tether.
This unit has the advantage over basic drop cameras in that it has a depth hover mode, which
is important for maintaining a consistent transect width although the standard configuration
loses some yaw control in hover mode, which can be overcome by the addition of the vertical
thruster. The surface controller is weatherproof, avoiding issues with using a laptop on small
boats (from sea spray). Video can be recorded live onto the surface controller with overlayed
data such as depth, time and date. There is a laser scaler add-on that provides the facility to
estimate the size of WTF. The unit is fully enclosed in a waterproof housing and there is no
need to open the housing (e.g. for battery charging or data transfer). This eliminates the risk
of flooding through hair or other matter compromising the O-ring. There are a range of
grabbers that can be attached that would allow collections for measuring and weighing.
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Figure 9. The Deep Trekker DTG3 Smart ROV. A unit similar to this was used as a drop camera
during the recent Torres Strait survey.

Autonomous Underwater Vehicle (AUV) cameras
Autonomous Underwater Vehicles are similar to an ROV, but are untethered. This has many
advantages over an ROV in that they are not subject to drag caused by currents on the umbilical,
there is less potential for damage to onboard electrical equipment as the do not require human
input when deployed and they can be tasked with multiple long transects without being
retrieved. For example, up to 6 x 1 km transects could be completed in a day. AUVs are well
suited to large area surveys, especially over flat or low gradient seabeds.
The University of Sydney’s Australian Centre for Field Robotics marine systems group own an
Iver AUV from Ocean Server (Figure 10) which is equipped with a full suite of oceanographic
instruments and is designed for collecting high-resolution, georeferenced stereo imagery of the
seafloor. It has a maximum depth of 100 m with a 8–14 hour endurance at 2.5 knots. The Iver3
UAV is a torpedo shaped unit that is small enough (21 kg) to be single man deployable from
shore or small boats. While it is man-portable and can be deployed from dory, it does requires
USBL (ultra-short baseline) acoustics to track, so a pole and transducer mounting required for
the mothership and if transects are long distance, the mothership will need to move to track
the AUV.

Figure 10. Iver AUV being deployed from a small vessel. In the image on the right, the Iver is
the unit on the deck.
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Surveying White Teatfish
Introduction
Fishery-independent surveys typically estimate density and length (or weight) distributions of
target species to inform effective fishery management. White Teatfish in the QSCF-EC are
generally sparsely distributed with relatively low densities, but hey do aggregate in some areas,
particularly in the north (sea cucumber density is typically expressed as individuals per hectare).
Although the fishable area of the QSCF-EC is vast, much of this area does not include White
Teatfish habitat. Furthermore, the fishery is divided into 154 rotational zones with each zone
being fished once every three years, which further decreases the area available for survey.
White Teatfish are prevalent in ocean-influenced lagoons and passes in water depths > 10 m
(Lincoln-Smith et al. 2006; Ceccarelli et al. 2011; Friedman et al. 2011, Purcell et al., 2012).
Thus, surveys of this species should target such habitat. These population characteristics
influence:
• Survey method (transects, manta tow, underwater camera/ROV)
• Survey unit (the size or area surveyed)
• Stratification: within the QSCF-EC.
• Replication. The number of replicate sample units within strata.
Optimisation of the above will allow more precise, accurate and cost-effective estimation of
the biomass of White Teatfish within the QSCF-EC.

Survey method
The deeper depth distribution of White Teatfish compared to many other sea cucumbers
significantly reduces the effectiveness of manta tows as a survey method, as these are unsuited
to surveys deeper than 10 m. Furthermore, even in shallow depths, manta tows can
underestimate density (Shiell and Knott 2010). Deployment of SCUBA divers counting and
measuring White Teatfish along transects is the preferred method for surveying White Teatfish,
but the feasibility of prolonged deep dive surveying and occupational health and safety
requirements restrict divers to depths < 25 m (preferably < 20 m). At depths > 20 m, bottom
time is restricted and this can constrain replication (and therefore precision) of surveys. The
use of underwater cameras and/or ROVs overcomes human safety concerns and replication is
constrained only by time and weather.

Survey Sampling Unit
Leeworthy (2007) and Koopman et al. (2019) used 2 m strip transects along a 200 m line (i.e. a
survey unit of 400 m2) to census sea cucumbers within the QSCF-EC and found this to be
optimal considering the sparse distribution of sea cucumbers on the seafloor and effective
diver operation at depth. Larger sampling units are more expensive (dive time) and thus
constrain replication. For diver surveys, a subsample of individuals encountered are collected
and returned to the vessel to be measured for length and weighed before being released at the
site of capture (Koopman et al. 2019).
Koopman et al. (2019) describe the use of ROVs (equipped with video and still cameras) to
count and measure sea cucumbers. Although targeting the Burrowing Blackfish (Actinopyga
spinea), the cameras recorded other species including White Teatfish demonstrating the
potential for effective and accurate use in surveying this species. The ROV positioned 1 m above
the seafloor presents an average swath width in video imagery of 4.6 m and, with a 100 m
transect, provides a larger sample unit of 460 m2 (Koopman et al. 2019).
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Stratification
The prevalence of White Teatfish in relatively deep habitat (oceanic-influenced lagoon floor >
10 m < 50 m) and known population density will influence stratification across the QSCF-EC.
Previous surveys targeting other species of sea cucumbers in the QSCF-EC have stratified for
density (based on the results of pilot surveys) (Leeworthy 2007, Koopman et al. 2019). Thus,
sampling effort (i.e. number of sampling units) is concentrated in high-density strata. For White
Teatfish, information on relative density can be derived, in the first instance, from discussion
with commercial fishers or by using information derived from previous surveys of sea
cucumbers in the QSCF-EC (Leeworthy 2007, Knuckey and Koopman 2016, Koopman et al.
2019).
Discussions with industry revealed that White Teatfish habitat preference in not easily
predicted, and can be influenced by a range of factors including current strength and direction,
presence and type of hard substrate, vegetation and topography, and that the influence of
these varies across the GBRMPA. On the GBRMPA, White Teatfish commonly inhabit outer
barrier reef slopes, reef passes and sandy areas in semi-sheltered reef habitats at depths of 10
to 50 m (Purcell et al., 2012), but they can also be found in seagrass beds between 0 and 40 m
depth (e.g. Papua New Guinea and India), while in Fiji, they recruit in shallow seagrass beds
(Conand, 1989) and move deeper with age (Conand, 2008).
In their recent Torres Strait survey, Murphy et al. (2021) surveyed reef top, reef top buffer, reef
edge and deep reef habitats for a range of sea cucumber species. White Teatfish were found
in highest densities in the deep reef habitat (72% of White Teatfish recorded) at most reefs,
but were also relatively dense on the reef top buffer and reef edge at one reef. Moderate to
low densities were found on the reef edge at five of the six reefs. White Teatfish were found
at depths 5–37 m, with most between 5–30 m.
Industry members describe the best areas for fishing for White Teatfish north of Princess
Charlotte Bay as follows:
•

They are generally found in “Paddock Country” which is a strip that spans from about
3 nm inside the outer reefs to about 9 nm inside the outer reefs. Basalt reef or rocky
patches are identified on the main vessel’s sounder and marked for diving. Around
these reefs are depressions in the sediment caused by the interaction of the tidal
current and the reef. These depressions are called “Sinkies”. The White Teatfish inhabit
the either on clean sand or vegetation surrounding the Sinkies. Sinkies can be any
shape, and are generally 20–5000 m wide. Another type of structure on which WTF are
found are known to fishers as “Table tops”. These are flat basalt rock formations that
rise above the flat sand, often covered with sea whisps, soft corals and rubble, and
surrounded by built up sand. The surrounding sand by a feeding ring which in turn is
surrounded by a light algal area. WTF are commonly found on the flat rock or algal
areas. Rather than refer to Sinkies and Table Tops throughout this report, we refer to
then together as Sinkies.

Further south, White Teatfish are more randomly distributed either on reefs or reef edges.
Factors available for use in defining strata are:
•

Bioregions - Kerrigan et al. (2010) classified the 2900 reefs of the GBR into 30 reef
bioregions, and non-reef areas into 40 non-reef bioregions based on the spatial patterns
and composition of reef fish, soft corals, hard corals, reef biota and macroalgae and
information on reef geomorphology, bathymetry, mean tidal range, broad-scale
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currents and existing regionalisations. These reef and non-reef bioregions that overlap
with White Teatfish catch are in bold in Table 1 and Table 2, and could be considered
the highest-level strata used in the survey design.
•

•

•
•

Bathymetry – there is an ESRI raster bathymetry grid file (gbr100_v5_arc downloaded from
https://www.deepreef.org/bathymetry/65-3dgbr-bathy.html (Beaman, 2010)) from which
bathymetric contours can be obtained. However, this was used as a guide for the recent (2021)
Black Teatfish survey, and was found to be unreliable, although this might have been the
method of extracting contours from the raster file rather than the raw data itself.
Habitat – Sea cucumber surveys are commonly stratified by habitat type. For example see Table
3. The habitats need to be defined as GIS layers to enable allocation of sampling locations, and
given the large extent of the GBRMPA, this is a significant task unless the process can be
automated.
Latitude – most of the catch is taken between latitudes 19˚ 30’S and 12˚ 00’S (Figure 5). To
undertake an efficient survey, areas outside of these latitudes should be excluded.
Rotational zones – The fishery operates under a rotational zone system, where zones are open
to fishing every three years. These zones could be used to stratify the survey area by choosing
those from where the majority of the catch is taken. They can also be used to ensure that the
survey areas are spread across areas that have and have not been recently fished. More than
80% of the catch since the 2010–2011 financial year has been taken from the following zones:
o O27, Lizard Island (BFZ2), O25, O28, O32, BLANK (zone not recorded), O2, O45, O42,
O37, O17, C13, O39, O18, O15, O3, O24, M14, O1, 1 (it is uncertain what this refers to),
M15, O34, O46, O26, M18, O40, O11, O33, O21, O66, O5 and O36

These zones are shown in Figure 12.
•

Catch and effort data – fishers report the location of greatest catches in each day, which is an
indication of the general area fished. These data can be used to approximate the boundaries
of the highest densities (commercial viable densities) of White Teatfish, however they do not
reveal actual dive sites. Dive sites could be obtained from GPSs in the diver’s dories, which
could reveal locations of Sinkies.
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Table 1. List of GBR reef bioregions defined by Kerrigan et al. (2010). Those bioregions used
as a basis for stratification for a survey of White Teatfish are highlighted.
RA1 Deltaic Reefs

RE6 Incipient Reefs

RA2 Outer Barrier Reefs

RE7 Tidal Mud Flat Reefs

RA3 Outer Shelf Reefs

RE8 Coastal Southern Fringing Reefs

RA4 Strong Tidal Outer Shelf Reefs

RF1 Northern Open Lagoon Reefs

RB1 Far Northern Outer Mid Shelf Reefs

RF2 Central Open Lagoon Reefs

RC1 Torres Strait influenced Mid Shelf Reefs

RG1 Sheltered Mid Shelf Reefs

RC2 Far Nth Protected Mid Shelf Reefs

RG2 Exposed Mid Shelf Reefs

RCB1 Capricorn Bunker Outer Reefs

RHC High Continental Island Reefs

RCB2 Capricorn Bunker Mid Shelf Reefs

RHE Strong Tidal Mid Shelf Reefs (East)

RD Far Northern Open Lagoon Reefs

RHL Hard Line Reefs

RE1 Coastal Far Northern Reefs

RHW Strong Tidal Mid Shelf Reefs (West)

RE2 Coastal Northern Reefs

RK Strong Tidal Inner Mid Shelf Reefs

RE3 Coastal Central Reefs

RSW-M Swains Mid Reefs

RE4 Coastal Southern Reefs

RSW-N Swains-Northern Reefs

RE5 High Tidal Fringing Reefs

RSW-O Swains Outer Reefs
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Table 2. List of GBR non-reef bioregions defined by Kerrigan et al. (2010). Those bioregions
used as a basis for stratification during the 2021 survey of White Teatfish are highlighted.
NA1 Coastal Strip

NL4 Outer Shelf Inter Reef - Southern

NA3 High Nutrients Coastal Strip

NL5 Swains Inter Reef

NA4 Inshore Terrigenous Sands

NM Mid Shelf Seagrass

NB1 Inshore Muddy Lagoon

NN Capricorn Bunker Banks

NB3 Inner Shelf Seagrass

NO Capricorn Trough

NB5 Inner Mid Shelf Lagoon

NP Eastern Plateau

NB6 Inner Shelf Lagoon Continental Islands

NQ Steep Slope

NB7 Mid Shelf Lagoon

NR Queensland Trough

NB8 Capricorn Bunker Lagoon

NS Intermediate Broad Slope

NC Mid Shelf Inter Reef - Seagrass

NTE Eastern Pelagic Platform

ND Mid Shelf Inter Reef

NTW Western Pelagic Platform

NE Outer Shelf Lagoon

NU Terraces

NF Halimeda Banks - some coral

X1 Far Northern Offshelf

NH Mid Shelf Sandy Inter Reef

X2 Offshelf Queensland Trough

NI Halimeda Banks

X3 Outer Far Northern Inter Reef

NJ Princess Charlotte Bay Outer Shelf

X4 Capricorn Bunker Inter Reef

NK Princess Charlotte Bay

X5 Outer Central Inter Reef

NL1 Outer Shelf Algae and Seagrass

X6 Central Offshelf

NL2 Outer Shelf Seagrass

X7 Central Inter Reef

NL3 Outer Shelf Inter Reef - Central

X8 Southern Embayment

Table 3. Within reef habitat described by Purcell et al. (2009).
Habitat

Description

Crest

Exposed to predominant swell or waves. Zone where the waves break on the reef.

Front slope

The fore-reef substrata, descending 3-8 m on the wave-exposed side of the reef crest.

Reef flat

Mostly shallow, hard reef substrata leeward of the crest, but not dominated by sand

Lagoon

Mostly sand substrata, leeward of the reef flat. Often with patch-reefs or bommies

Passes or
substrata

deep

Deep substrata from 8-25 m, hard or soft, just within barrier reef passes. Alternatively,
deep substrata at the base of lagoon reefs.
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Figure 11. Catch of White Teatfish from BDM rotational zones since the 2010–2011 financial
year. Red dotted line show where 80% of the catch is taken from.

Replication
Replication influences the statistical power to measure a significant change (usually > 20%) in
mean density and/or weight of White Teatfish. There is a trade-off of cost (replication) for
precision (Underwood 1992) and this will ultimately influence the final survey design for White
Teatfish. Replication is at the level of site within stratum rather than sample units within site
(c/w Lincoln-Smith et al. 2006). Thus, a single transect of ~ 400 m2 (censused by diver or
camera) is the basic replicate.

Biomass estimates
Surveys provide estimates of mean density within strata which, together with estimated mean
live weight, can derive estimates of White Teatfish in kg/m2. These estimates can then be
scaled up to the GIS-estimated areas of each stratum. The sum of biomass in each stratum can
be then used to estimate total biomass. Confidence intervals for biomass estimates can be
calculated as described by Koopman et al. (2019).
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Zone 1

Zone 2

Figure 12. BDM rotational zones from where most of the White Teatfish has been caught
since the 2010–2011 financial year. Note that the orange line separates Zones 1 and 2
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Survey Options
Option 1

Wide area survey over whole fishery

Set the survey area by clipping the whole area of the fishery, overlap the accepted WTF
distribution to get the survey area. This area could be stratified using bioregions or rotational
zones and transects allocated relative to size of habitat or expected densities. This survey
would cover a very large area (about 375,931 km2), require significant sampling effort and be
cost prohibitive. Both diver transects and drop cameras would need to be used to cover the
depth ranges encountered. Given their very patchy distribution, a biomass estimate from this
type of survey would have a very high level of uncertainty, and there is a risk that minimal WTF
would be observed without an enormous amount of sampling effort.
This type of survey is not recommended because of the large expense and very high level of
uncertainty likely to result from any biomass estimate.
The recent zone 2 Black Teatfish survey focussed on dry reef and deep reef areas in six
bioregions south of latitude 19˚ S, an area stretching about 300 nm along the coast. Over 12
survey days (for 5 of those the weather severely impacted sampling), 23 reefs were surveyed
using manta tows and diver transects. In total, nearly 300 transects were undertaken. The
entire GBRMPA is more than three times that distance, and assuming that sampling the interreefal area took the same time as sampling dry reef (sampling dry reef would be much quicker
because of the reduced travel), it would take at least 36 survey days to cover the entire reef.
Option 2

Wide area survey of main commercial areas

Rotational zones from where the vast majority of the WTF catch is taken are shown in Figure
12. A survey as described above could be conducted just in those areas, which significantly
reduces the cost for the same density of sampling sites, however the area is still large
(19,445 km2) confidence would be high level of uncertainty. This could be stratified by
bioregions or rotational zones, but would still contain a large area outside the main habitat for
WTF.
This type of survey is not recommended because of the large expense and very high level of
uncertainty.
Option 3

Habitat stratified survey of main commercial areas

Reef and dry reef GIS layers could be split into habitat types as in Murphy et al. (2021), with
the survey restricted to main commercial areas and habitats restricted to the preferred habitats
– deep reef and reef edge. However, this would need to include what Murphy et al. (2021)
called the inter-reefal area to encompass the main fishing areas in the north. This still contains
very large areas in which the WTF are distributed. This survey would be more efficient than
the wide area surveys as described above, but still be expensive because of the large area
covered and the biomass estimate would be of high level of uncertainty.
A habitat map for the GBRMPA is not currently available, and this would require significant
work to develop and high level of uncertainty. This method is not recommended as a result.
Option 4

Paddock Country survey

Using commercial catch and effort data and in collaboration with industry members, a GIS layer
of Paddock Country could be defined that encompasses the main fishing areas (areas with
commercially viable densities of WTF) (e.g. Figure 13). A random stratified survey (by bioregion
or rotational zone) could then be undertaken that would avoid large areas of unsuitable
habitat. While this would allow more sampling effort to be focussed on suitable WTF habitat
and increase the chance of random transect covering some WTF, it would still likely result in a
lot of sampling effort with the risk of finding no, or very low numbers of WTF.
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Figure 13. Example of Paddock Country overlayed on BDM rotational zones and reported
commercial effort from the north of the fishery.
Option 5

Targeted WTF Sinky survey

To further target sampling effort on WTF patches, targeted surveys could be undertaken on
known Sinkies in Paddock Country. Transects could either be belt (Figure 14) or radial transects
(this might depend on the tide or wind) and be undertaken by divers or drift cameras (divers
will be more influenced by the tide, while drift cameras will be influenced by both the wind and
tide). Using belt transects risks missing the WTF aggregation if they are located on an edge
parallel with the tide / wind, however they randomly survey over the whole area, while radial
transects oversample the centre of the survey area, and densities might not be representative.
A map would be produced of all known Sinkies, and the areas of each Sinky would need
measured or estimated. Biomass would be calculated from the product of mean densities in
Sinkies and total known Sinky area. This would be an efficient, relatively in-expensive survey
with high confidence, however it would only cover known Sinky areas, and so the biomass
estimate would be much lower that would be in each stratum.
Surveying Sinkies also has the added advantage of generating a first data point for ongoing
monitoring of WTF stocks. Rather than regular resurveys, a number of Sinkies from different
rotational zones (including some from each of the three different rotations) could be selected
as reference sites, at which on-going surveys could be undertaken to monitor changes in WTF
stocks.
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Figure 14. Example of random belt (left) and radial (right) transects that could be undertaken
to survey Sinkies.
Option 6

Combined random Paddock Country survey and Targeted Sinky survey

A combination of a wide area Paddock Country and Targeted WTF Sinky survey could be
undertaken that would produce two biomass estimates — a wide area biomass (high biomass,
low confidence) and a Sinky biomass (lower biomass, higher confidence). Biomasses could be
combined if the Sinky areas were removed from the Paddock Country survey area to produce
a “No Sinky Paddock Country” GIS layer.
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Figure 15. Example of Combined Paddock Country and Targeted WTF Sinky survey where
transects are undertaken on transects on Sinkies (small blue lines), as well as at transect
locations randomly placed throughout Paddock Country (red dots).
Option 7

Combined Targeted WTF Sinky survey and Sinky density survey in Paddock Country

With the assumption that Sinkies are the main habitat on which WTF are found in the north,
the number of Sinkies in each stratum could be approximated by undertaking a survey of Sinky
densities (e.g. Figure 17). This could be done by the mother vessel, while dories undertake
targeted Sinky transects. During fishing trips, Sinkies are found from the mother boat by
sounding over likely ground, which are themselves randomly surveyed by diver or video
cameras transects. Structured, randomised vessel transects could be undertaken to measure
the number of Sinkies per km2 and the measure the size of those Sinkies. Weighted up to the
areas of each stratum, the total number and area of Sinkies could be calculated. WTF densities
from diver or video transects targeting Sinkies (Figure 13) could then be used for biomass
calculations for each stratum.
Capacity to measure Sinky size would be greatly enhance with the use of a sonar with which
Sinky area could be calculated/estimated. This would provide a permanent record of preferred
habitat, and could be used to understand temporal changes in that habitat.
It is possible that Sinkies can be identified on either multibeam sonar maps of the GBR or
specific side-scan sonar from motherships. An example of what might be Sinkies on the GBR
multibeam GIS layers are shown by the “pock marks” in Figure 16. Multibeam maps of the GBR
showing pock marked areas within the Paddock Country that might be Sinkies
Heading Undertaking, for example, five transects on five different Sinkies in Paddock Country
in each rotational zone, two dories could survey three management areas per day (except at
time of strong winds or where there is a long distance between management areas), with the
speed of the mother boat being the limiting factor (except where management areas are
adjacent). Undertaking 10 x 1 nm vessel transect in Paddock Country of a rotational area could
cover 25 nm distance. At a speed of 5 knots, this could take 5 hours. As this component of the
survey is not limited by daylight, dive times or battery life, this could be undertaken around the
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clock given sufficient skilled crew (at spotting and mapping Sinkies), with the ability to survey
four management areas per day (except where there is a long distance between management
areas). Given the approximate 30 rotational areas comprising 80% of the catch, were expect
this survey could be undertaken in 10 survey days (plus two contingency days) with good
weather if the most southerly rotational zone (O66) was omitted. With a combined steaming
distance of 600 nm (to the top of the survey area and from the bottom of the survey area back
to port), at an average of 6 knots speed, this will add just over 4 steaming days to the trip. As
was experienced during the recent BTF survey, strong winds can significantly reduce the ability
to survey multiple areas per day.
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Feasible Options
Based on a 50 t annual catch of WTF, estimated GVP from the WTF fishery is about $1.3 million.
To put the cost of a survey into perspective, as a rough guide, a reasonable total management
cost (including management / research / compliance) for an Australian fishery is between 4–
7% of GVP (10% is considered high). To put the estimated cost of the options below into
perspective, 5% of the WTF GVP is $65,000.
The most feasible survey options are options 6 and 7 (Table 4 and Table 7). Each of those could
be scaled down by reducing the spatial extent. In the examples shown in Table 7, two different
extents have been used to describe “narrow” (between latitudes 12.5˚S to -16 ˚S) and “broad”
(between latitudes 10.6˚S to -19.3˚S) options. Preliminary estimated costs of those options are:
•
•
•
•

Option 6 – narrow: ROV $205,988 or drop camera $197,597
Option 6 – broad: ROV $315,932 or drop camera $285,015
Option 7 – narrow: ROV $164,488 or drop camera $158,361
Option 7 – broad: ROV $251,208 or drop camera $232,685

Because these most feasible survey designs are unique and untested, a Sinky “proof of concept”
pilot survey should be undertaken prior to the main survey (Table 6). This would be in the form
of an Option 7 survey undertaken on one or two rotational areas, and be conducted either
using just divers and or the combination of divers and drop camera to test operation of drop
camera at survey depths (depending on initial outlay of costs).
Results of the pilot study would form a part of the final survey, but would also be used to decide
on the preferred survey option, preferred improve the design of the preferred survey option
and help with the planning for that survey.
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Figure 16. Multibeam maps of the GBR showing pock marked areas within the Paddock
Country that might be Sinkies (to be confirmed)
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Figure 17. Example of vessel based Sinky density survey.
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Table 4. Options for White Teatfish Survey
Option
1

2

3

4

5

6

7

Name

Data requirements

Methods used

Pros/cons

Wide area
survey over
whole
fishery

Distribution – got it
GBRMPA GIS layers – got it

Shallow:
Diver Transect

Wide area
survey
of
main
commercial
areas

GIS layer of main commercial
WTF areas – got it
GBRMPA GIS layers – got it

Habitat
stratified
survey
of
main
commercial
areas

Distribution – got it
GBRMPA GIS layers – got it
GBRMPA reef and dry reef GIS
layers – got it
Habitat GIS layer – do not have

Paddock
Country
survey

GIS layer of Paddock Country –
can make from commercial data
that I have

Expensive
Laborious
Not efficient
Very Low confidence
Covers area of the fishery
Covers an
area
of
375,931 km2
Expensive
Laborious
Not efficient
Low confidence
Covers an
area
of
19,445 km2
Expensive
Laborious
More efficient
Low – medium confidence
Covers the main areas of
the fishery
Need to produce habitat
map
Even more efficient
Medium confidence
Covers the main areas of
the fishery
Need to produce Paddock
Country map
Least expensive
Most efficient
High confidence
Covers only a small area

Targeted
WTF Sinky
survey

Deep:
AUV / ROV / Drift
Camera

Location of known Sinkies – on
commercial vessels
GIS layer of Paddock Country –
can make from commercial data
that I have
GIS layer of Sinkies - can make
once location of Sinkies
obtained by either assuming as
size to buffer around point or
measuring during survey

Shallow:
Diver Transect
Deep:
AUV / ROV / Drift
Camera
Shallow:
Diver Transect
Deep:
AUV / ROV / Drift
Camera

Shallow:
Diver Transect
Deep:
AUV / ROV / Drift
Camera
Shallow:
Diver Transect
Deep:
AUV / ROV / Drift
Camera

Combined
Paddock
Country and
Targeted
WTF Sinky
survey

Location of known Sinkies – on
commercial vessels
GIS layer of Paddock Country –
can make from commercial data
that I have
GIS layer of Sinkies - can make
once location of Sinkies
obtained by either assuming as
size to buffer around point or
measuring during survey

Shallow:
Diver Transect

Combined
Targeted
WTF Sinky
survey and
Sinky
density
survey
in
Paddock
Country

Location of known Sinkies – on
commercial vessels
GIS layer of Paddock Country –
can make from commercial data
that I have
GIS layer of known Sinkies - can
make once location of Sinkies
obtained by either assuming as
size to buffer around point or
measuring during survey
GIS layer of found Sinkies

Shallow:
Diver Transect

Deep:
AUV / ROV / Drift
Camera

Deep:
AUV / ROV / Drift
Camera
Vessel
sounder/sonar
transects
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Efficient
High confidence
Covers main areas
fishery

Low expense
Efficient
High confidence
Covers main areas
fishery
Requires assumptions

Relative
cost
Cost
prohibitive

Very high

Very high

High

Least
expensive

High
of

Moderate

of

Table 5. Preliminary estimated costs of sampling per 10 survey days
Item

Notes

Vessel hire

10 survey days – assume 4 steaming days
Includes crew, full provisions and dories

ROV

Includes mobilisation, field work and data analysis for
10 survey days.

Unit
cost
$7,500
per day

Total
cost
$105,000

$43,710

Additional survey days at $2,639
AUV

Includes mobilisation, field work and data analysis for
10 survey days.

$72,000

Additional survey days at $5,930
Drop Camera – Could be
operated
by
Fishwell
Scientist or trained QSCF-EC
Association member / diver

Purchase cost from CLS OCEANIA PTY LTD
Deep Trekker DTG3 SMART
AUX FLOODLIGHTS 1000 LUMENS
LASER SCALER
Precision Thruster (not essential)
Delivery – to Cairns (may be additional delivery
insurance costs)

$11,813
$1,688
$1,181
~$3,375
$1,030

Drop Camera – Video review
assume 1 day processing for
each survey day
Sonar – Lawrence HDS LIVE
12

10 days of video review

$10,232

Onboard Scientist

With
transducer
https://www.bcf.com.au/p/lowrance-hds-12-livecombo-including-active-image-3-1-transducer-andcmap/565396.html
(onboard time only) 10 survey days – assume 4
steaming days

Cost
for
project
management, data analysis
and report writing

$4,949

$14,325

$60,000
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Table 6. Preliminary estimated cost for a pilot WTF survey (Sinky method proof of concept).
Option

Survey type

7 pilot

Combined Targeted WTF
Sinky survey and Sinky
density
survey
in
Paddock Country – using
just divers or divers and
drop camera to test
operation
of
drop
camera at survey depths

Spatial
extent
One or two
rotational
areas

Number of survey days
One survey day
Two days steaming

Component

Cost

Vessel hire
Onboard scientist
Project management costs

$22,500
$3,069
$5,116

Total

$30,685

Total with drop camera
and sonar

$69,883

Table 7. Preliminary estimated costs for feasible WTF survey options. Options for using either
the ROV or drop camera are included.
Option
6
narrow

6
broad

7
narrow

7
broad

Survey type
Combined Paddock
Country and Targeted
WTF Sinky survey –
using combination of
divers and drop
camera

Combined Paddock
Country and Targeted
WTF Sinky survey –
using combination of
divers and drop
camera

Combined Targeted
WTF Sinky survey and
Sinky density survey
in Paddock Country –
using combination of
divers and drop
camera

Combined Targeted
WTF Sinky survey and
Sinky density survey
in Paddock Country –
using combination of
divers and drop
camera

Spatial extent
Main
rotational
areas from 12.5˚S to -16
˚S
(15
rotational
areas)

Main
rotational
areas from 10.6˚S to 19.3˚S
(30
rotational
areas)

Main
rotational
areas from 12.5˚S to -16
˚S
(15
rotational
areas)

Main
rotational
areas from 10.6˚S to 19.3 ˚S (30
rotational
areas)

Number of survey days
Eight days @ two
rotational areas per day
Two days contingency for
poor weather
Two days steaming

Fifteen days @ two
rotational per day
Three day contingency for
poor weather
Four days steaming

Five days @ three
rotational per day
One day contingency for
poor weather
Two days steaming

Ten days @ three
rotational per day
Two day contingency for
poor weather
Four days steaming
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Component
Vessel hire
ROV mobilisation and use
or
Purchase drop camera
Onboard scientist
Review of imagery
Project management costs

Cost
$90,000
$43,710
or
$19,087
$12,278
$10,232
$60,000

Total Drop ROV
Total Drop camera
Vessel hire
ROV mobilisation and use
or
Purchase drop camera
Onboard scientist
Review of imagery
Project management costs

$205,988
$197,597
$165,000
$68,422
or
$19,087
$22,510
$18,417
$60,000

Total Drop ROV
Total Drop camera
Vessel hire
ROV mobilisation and use
or
Purchase drop camera
Onboard scientist
Review of imagery
Purchase sonar
Project management costs

$315,932
$285,015
$60,000
$31,354
or
$19,087
$8,186
$6,139
$4,949
$60,000

Total Drop ROV
Total Drop camera
Vessel hire
ROV mobilisation and use
or
Purchase drop camera
Onboard scientist
Review of imagery
Purchase sonar
Project management costs

$164,488
$158,361
$120,000
$49,888
or
$19,087
$16,371
$12,278
$4,949
$60,000

Total Drop ROV
Total Drop camera

$251,208
$232,685
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