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2019/20 Survey objectives
Determine stock size and density trends for:

ÅCurrent target species: 

üWhite teatfish(high priority)

üPrickly redfish (high priority)

üCurryfish (medium priority)

ÅClosed or reopening species: 

üBlack teatfish (high priority)

üSurf redfish (medium priority)

ÅOther species (low priority)

ÅDeeper water populations:

üWhite teatfish (high priority)

üBurrowing blackfish (low priority)

üOther species (medium priority)
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Other objectives and outcomes

ÅHabitat trends and mapping
üSeagrass, coral

üCrown of thorns starfish

üClams, other species

ÅGeneral reef mapping
üReef mapping ground truthing (of new NERP reef map)

üBetter understanding of reef area and structure in Torres Strait
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Ugar survey
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ÅSea cucumber survey and reef mapping of Ugarand Campbell 
Reefs

ÅTo support development of community sea cucumber aquaculture 
project

ÅResults provided to community



Study area - Zones



Study area - strata
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Study area - strata
Å3 shallow reef strata
ωReef top

ωReef top buffer (200 m)

ωReef edge (<20 m)

ÅDeep reef (20-50 m)

ÅInter-reefal(20-120 m) 
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Strata
Area 
(km2)

Reef top 700.1
Reef top buffer 503.9
Reef edge 184.5
Deep reef 622.0
Inter-reefal 14,969.5
Total area 16,980.0



Study area ςDeep reef
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Survey sites
Year Zones Top Buffer Edge Deep Total

1995/96 14 1089 164 365 0 1618

2002 6 136 139 159 0 434

2005 5 35 52 40 0 127

2009 5 33 25 45 0 103

2019/20 6 88 86 70 53 297



Survey sites ς2019/20



Survey methods ςshallow reef (<20 m)

ÅSame methods used in all previous surveys

Å40 m to 100 m transects ςsnorkel or scuba

ÅUse GPS and chainman distance device

ÅCounted and collected sea cucumbers

ÅRecorded habitat and other biota 

ÅMeasured length and weight

ÅAll sea cucumber returned to sampled habitat



Deep reef survey

Å20 m - 50 m deep

Å10 min drifts, 40 ς600 m

ÅTSRA camera system ςThanks!

ÅDeepest White teatfish 37 m
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Thank you Madeina! (David)



Inter-reef habitat
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Inter-reef habitat
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Species Sites 
observed

Biomass 
(t)

Actinopyga lecanora 1 -
Cercodemasanceps 37 19.3
Cladolabesperspicillum 2 -
Cladolabesschmeltzi 2 -
Holothuria edulis 1 -
Pentactaaustralis 17 -
Cladolabesperspicillum 2 -
Pseudocolochirusviolaceus 17 929.8
Stichopus horrens 21 314.1
Holothuria ocellata 50 69.8
Stichopus herrmanni 2 -
Holothuria atra 1 -
Holothuria lessoni 7 -
Stichopus ocellatus 1 -



Analyses
Stratified density
Å Estimates of mean density - counts per hectare

ÅUsed zones (logbook areas) and reef strata

ÅRepresents physical size differences of different habitats for the surveys

o Note: Strata by Zone combinations ςGreat North East Channel + Deep reef and Barrier + Deep reef are 
not sampled

Density trends
ÅCompared survey sites within zones and strata sampled in previous years 

Å Four zones were sampled in 1995, 2002, 2009 and 2019/20: Cumberland, Darnley, Don Cay and Great 
North East Channel 

Standing stock
ÅCalculated from estimates of density, reef area and average weight from size frequency data collected 

during the survey

Å Suitable for calculating standing stock for the surveyed areas, but not for direct comparison between 
survey years

Mirror -match bootstrapping

ÅConservative stock estimate for formulating TAC recommendations

ÅCalculated bottom 90th percentile of the bootstrapped mean estimate of the distribution 

Å Assumes real estimate would be 90% certain of being greater than this value

Å!ǇǇǊƻŀŎƘ ƛǎ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ ƴŜǿ IŀǊǾŜǎǘ {ǘǊŀǘŜƎȅ ǎǇŜŎƛŦƛŎŀǘƛƻƴ ǘƘŀǘ ǘƘŜ ά¢Ǌƛŀƭ ƻǇŜƴƛƴƎ ¢!/ ƴŜŜŘǎ ǘƻ 
ōŜ ǎŜǘ ŀǘ ŀ ŘŜƳƻƴǎǘǊŀōƭȅ ŎƻƴǎŜǊǾŀǘƛǾŜ ƭŜǾŜƭέ ό!Ca!Σ нлмфύ
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Black teatfish 2019/20
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Fishery biomass estimate = 787 t

>MLS = 172 t



Black teatfish ςstock 2019/20

Zone Sites Mean 

density)

Var

(st)

Stock

(n)

Live wt

(t)

B 

(t)

Live wt

(t) L90th

B 

(t) L90th

B >MLS

(t) L90th

Barrier 15 17.8 118.3 288,273 470.5 318.5 - - -

Cumberland 50 6.5 17.7 412,235 672.8 455.5 - - -

Darnley 89 0.3 0.1 16,534 27.0 18.3 - - -

Don Cay 104 14.6 16.2 282,963 461.8 312.7 - - -

GNE Channel 6 0 0 0 0 0 - - -

Seven Reefs 33 4.3 3.4 120,489 196.7 133.1 - - -

ETS 297 5.8 3.0 1,120,493 1828.8 1238.1 1162.5 787.0 172.3

CSIRO Sea cucumberresearch|  February2021

ωEstimated fishery biomass 1,238 t (gutted wt)

ωBootstrapped lower 90th percentile of the fishery 
biomass was 787 t

ωBootstrapped lower 90th percentile of the fishery 
biomass >MLS was 172.3 t



Black teatfish - size
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ωAverage size in 2019/20 was 219 mm (slightly 
smaller than 2009, but larger than other surveys)

ωSlightly lower proportion of legal size animals 
compared to 2009

ωSize at maturity: 220 - 260 mm

ωMinimum legal size: 250 mm



Black teatfish - weight
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ÅWeight range: 580 g ς2,980 g (live wt)

ÅAverage weight: 1,632 g

ÅComparison - GBR survey (2015) average weight 1820 g and 
weight range 500 ς2900 g (Knuckey and Koopman, 2016)



Black teatfish ςstock trends

Density trends 1995 - 2019/20

Å4 zones consistently sampled (Cumberland, 
Darnley, Don Cay and Seven Reefs)
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Black teatfish ςstock trends
Site density 2019/20 v previous
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Black teatfish ςdistribution
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ÅModelled from survey data 1995-2009 and biophysical correlates



Comparisons with other surveys

ÅUnbiased comparisons between locations is difficult

ÅSea cucumber density varies across reef habitats and in relation to 
distance from terrigenous influence (across shelf)τand likely 
several other lesser knowngradients

ÅComparison depends on a clear delineation of the surveyed 
habitats

ÅHistoric surveys in Torre Strait have been carried out using the 
same sample design and survey approach

ÅSometimes survey delineations are poorly defined
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Black teatfish ςstock status

Comparison to other studies
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Black teatfish ςstock status
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Black teatfish ςReference levels

ÅUsually relative to virgin (before fishing) biomass (B0 or K)
ücan be a difficult when species have variable recruitment or patchy 

distribution 

ÅFisheries depend on increases in productivity as populations are 
fished
ümaximum productivity at BMSY

ümaximum economic yield at BMEY(=BTARG)

ÅDepletion to lower levels can eventually lead to recruitment 
impairment
üunacceptably high danger of recruitment failure at BLIM
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Black teatfish ςReference levels
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B0

BLIM



Black teatfish ςStock Modelling

ÅObjective way to explore population dynamics

ÅProvides a dynamic (i.e. changing over time) picture of a species 
and hence informs on not just standing biomass but also what the 
likely productivity (i.e. turnover rate) is to help inform on 
sustainable fishing levels
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Model limitations

ÅAs with any model, model outputs are only as good as the data 
that are used

ÅIf we have less data then assessments need to be simpler and the 
harvest strategy needs to be more precautionary

ÅThere are relatively few values in the BTF time series (i.e. 5 survey 
points) hence there is limited information to inform a model

ÅThere is some contrast in the time series (i.e. a downward trend 
followed by a recovery) to estimate productivity  

ÅBiomass dynamic models -> simple models (current)

ÅAge-structured spatial models -> better (future)

ÅMSE: Management Strategy Evaluation -> best (potential)
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How does the modelling relate to the new 
Harvest Strategy (HS)

ÅThe modelling is used to corroborate or shed additional light on 
analyses of the survey data to provide insights into stock status 
and sustainable yield

ÅConsistent with the HS philosophy of using a precautionary 
starting TAC to re-open a fishery, the modelling can explore a 
range of alternative scenarios with different levels of precaution 
added  

ÅConsistent with the HS philosophy of being able to improve and 
refine management advice as more data become available, 
models will also be able to refine and improve their estimates as 
more data become available 
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Reminder: How does it work for different 
stocks with more or less information and 
data

Torres Strait Harvest Strategies Overview   |  Eva Plaganyi31 |

Å If we have less data then assessments need to be simpler and 

the harvest strategy needs to be more precautionary

Å With better information and data for a stock, a stock assessment 

model that uses all the information can be used

Å But stock assessments also differ ïcan be high quality vs more 

uncertainty in stock assessment:

Åwhen more certain can approach more robustly 

Å but when less certain about stock status then need to be 

more precautionary as you have less certainty about stock 

status



Total Biomass vs Available biomass

Å¢ƘŜ ōƛƻƳŀǎǎ ƻŦ ŀ ŦƛǎƘŜǊȅ ǘƘŀǘ ƛǎ άŀǾŀƛƭŀōƭŜέ ǘƻ ōŜ ŎŀǳƎƘǘ ƛǎ 
calculated as the biomass above the MLS (minimum legal size)

ÅIf possible, this is the best quantity to use to calculate the 
sustainable yield, and is the biomass measure used in age-
structured and size-structured fisheries models such as for TRL

ÅThe biomass dynamics model used here can only consider total 
biomass but more complicated models can refine this

ÅAvailable biomass is a better measure than total biomass for 
stocks that are recovering because it takes into account the lag 
time for recovery to occur and hence for sufficient animals to grow 
larger than the MLS and be available to the fishery. If the age-
structure is skewed towards incoming recruits, total biomass can 
overestimate the sustainable yield.
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Pella-Tomlinson equation 

ÅLumped biomass model

ÅAssumes growth is density-dependent

ÅThe combination of r and K is more robust than these parameters 
on their own and informs on sustainable/replacement yield

ÅImplemented in ADMB 
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Model fit to survey data
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Model fit to survey data :  r=0.2; double surv(95)

obs.survey Schaefer pred Pella-Tomlinson



Use survey series that includes outer barrier (less 
variable as less fishing there, but no data for 2009)
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Base-case model estimated biomass 
trajectory and forward projection
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Model Results Summary: MSY 
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Description MSY (t) BMSY (t) B(2019) (t) B2019/BMSY
Model 1 S; fix r 18.5 245.4 336.9 1.37
Model 2 double surv(95) 16.9 225 242.3 1.08
Model 3 S; fix r 15 300.5 385.7 1.28
Model 4 S; fix r; dbl 20.8 208.3 274.7 1.31
Model 5 S; est r,K 28.5 195.8 344.3 1.75
Model 6 S; est r,K; dbl 24.6 197.8 308.2 1.56

Model 7
P; est r,K,mu; dbl; 

mu=3.5 49.7 257.4 308.2 1.19
Model 8 Fix K, est r 19.9 410.2 647.8 1.57



Summary

ÅAcross most model versions, projections suggested that a constant 
annual TAC of 30t may not be sustainable, whereas a TAC of 20 t 
was sustainable across all model versions run.

ÅThe base-case model estimate of MSY was 21 t, which is slightly 
higher than the 15 t precautionary TAC that is currently 
recommended by the Harvest Strategy.  

ÅAs more data become available, it will be possible to refine and 
substantially improve modelling results.

ÅLǘ ǿŀǎƴΩǘ ǇƻǎǎƛōƭŜ ǘƻ ǊŜŎƻƴŎƛƭŜ ǘƘŜ ŀōǎƻƭǳǘŜ ōƛƻƳŀǎǎ ŜǎǘƛƳŀǘŜǎ ǿƛǘƘ 
the trends in the survey data, suggesting e.g. that spatial aspects 
need to be accounted for in the modelling 
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Sustainable fishing ςecosystem role

ÅImportant benthic environmental role  
üBioturbation

üNutrient cycling

ÅEnvironmental MSY may be smaller than stock MSY due to adverse 
environmental impacts
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GBR Black teatfish

1999

Åά!ǊŜŀ ƻŦ ǘƘŜ ŦƛǎƘŜǊȅέ όмн-19° SτPrincess Charlotte Bay to Lucinda) 

ÅCƻŎǳǎŜŘ ƻƴ ǘƘŜ άƳŀƛƴ Ƙŀōƛǘŀǘ ŦƻǊ .ƭŀŎƪ ǘŜŀǘŦƛǎƘέ ƻƴ ǊŜŜŦ Ŧƭŀǘ ǿƛǘƘ 
<40%

Å5Ŝƴǎƛǘȅ ƻƴ ΨŎƭƻǎŜŘ ǊŜŜŦǎΩ ǿŀǎ 20.97per Ha

Å5Ŝƴǎƛǘȅ ƻƴ ΨƻǇŜƴ ǊŜŜŦǎΩ ǿŀǎ 5.01per Ha

ÅThe fishery was closed in 1999 

Å¢ƘŜ ōƛƻƳŀǎǎ ŜǎǘƛƳŀǘŜ ŦƻǊ ǘƘŜ άŦƛǎƘŜǊȅ ŀǊŜŀέ ǿŀǎ 5,585t.

(Benzie and Uthicke, 2003; Uthickeand Benzie, 2000)
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GBR Black teatfish

2015

ÅSimilar area (14-19° SτCape Melville to Lucinda) as the 1999 
survey

ÅFocused on the 200 m reef edge buffer on the weather (SE facing) 
side of reefs > 1km2

ÅMid-shelf reefs

13.5per Ha (closed reefs) and 12.5per Ha (open reefs)

ÅBarrier reefs

27.0per Ha (closed reefs) and 23.6per Ha (open reefs)

ÅPopulation deemed to have recovered to >70% B0

ÅThe biomass estimate for the surveyed area was 379 t

ÅThe fishery was opened in 2019 with a 30 t TAC
(Knuckeyand Koopman, 2016; Koopman and Knuckey, 2020)
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Qld E.C Fishery
(GBR)

Total reef area 26,373 km2

Total ñdry reefò area6,363 km2

1999 survey area 2,242 km2

(5,585 t)

2015 survey area 184 km2

(379 t)

Closed to fishing 36%

Torres Strait

Reef area 2,426 km2

(1,238 t) (9.2%)
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White teatfish

Fishery biomass estimate = 871 t

>MLS = 141 t



White teatfish



White teatfish

Depth profile

ÅMajority found between 5 m and 30 m depth 

Å Typically one teatfish found on a survey transect
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White teatfish ςdistribution
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ÅModelled from survey data 1995-2009 and biophysical correlates



Prickly redfish

Fishery biomass estimate = 469 t

>MLS = 257 t
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Prickly redfish

CSIRO Sea cucumberresearch|  February2021



Prickly redfish ςdistribution

CSIRO Sea cucumber research  |  HCWG February 2020

ÅModelled from survey data 1995-2009 and biophysical correlates



Curryfish (common)

Fishery biomass estimate = 682 t

>MLS = 647 t
CSIRO Sea cucumberresearch|  February2021



Curryfish (common)
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Curryfish (common)
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Curryfish(common) ςdistribution
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ÅModelled from survey data 1995-2009 and biophysical correlates



Curryfish (vastus)

Fishery biomass estimate = 171 t

>MLS = 171 tCSIRO Sea cucumberresearch|  February2021



Curryfish (vastus)

CSIRO Sea cucumberresearch|  February2021



Curryfish(vastus) ςdistribution
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ÅModelled from survey data 1995-2009 and biophysical correlates



Surf redfish

Fishery biomass estimate = 14 t

>MLS = 7 t
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Deepwater redfish

Fishery biomass estimate = 66 t

>MLS = 55 t
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Hairy blackfish

Fishery biomass estimate = 15 t 

(gutted weight)
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Environmental
Substrate



Environmental
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Biota



Environmental ςCoral

Total area = 4005 Ha



Environmental ςSoft Coral
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Total area = 1558 Ha



Environmental ςSeagrass

CSIRO Sea cucumberresearch|  February2021

Total area = 1119 Ha



Crown of Thorns starfish
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2019/20 Population 

estimate: 44,199

2009 Population 

estimate: 825,060



Giant clams (T. gigas)
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2019/20 Population 

estimate: 1,180,489



Trochus
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2019/20 Population 

estimate: 163,622



Bêche-de-mer Taxonomy
ÅMorphology characteristics 
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Blackfish

ÅHairy blackfish
(A. miliaris)

ÅBurrowing blackfish
(A. spinea)

ÅDeepwater blackfish
(A. palauensis)
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Curryfish
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Curryfish (Stichopus herrmanni)
Dinosaur curry(Stichopus vastus)

Pinapple curry(Stichopus ocellatus)



Redfish
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Deepwater redfish (A. echinites)

Surf redfish (A. mauritiana)



Surf redfish (A. mauritiana)
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Torres Strait

Fiji Cook Islands

GBR


