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ez b ltlpol, £9LT20094F, A—ARNTVUTHEHIFE T A —2 XT 2 RMNBUFIX, 2020 4F
ETIZTL— MR TV —T7 ORI LEE N ZHET 5 EEEROKEELE7/2<T) L) B
AP, MH D) LRk A H 2@ E BT 5 2 & T v IO KEWE A LN D
(VW—o7Z v ZRELT,

V=777 OEEERITHE OB CIER, A=A N7 U THEEBINE 7 A —2 XTF
NINBURF, 240 6 O SR, BARRERIA, rE¥EE 7 2 —HIK, BF7E - BB RIS NGO 72 &
AEE3BOEERDEDL > TWD, SEIOA—A NZ U THHTIEL, V=777 SMEERD—D &
LTtk —REEZE T 7 # —~ DR « INRIGEI AT > TV D 7 L— b 7 U — 7R AR R
(Great Barrier Reef Marine Park Authority., GBRMPA) MOfHYZH 3 4. vy /L « R F UK
(Ms. Carol Honchin) . RF~<=VU—« —&% 2K (Ms.Donna—marie Audas) . ;"—/L « J o —7 A
G (Mr.Paul Groves) & L7z, IHHEIRMIZN DT, 1TEAHEESI To 5 GBRMPA 23 > THED KE PR
AR 2 3 ICRRI THERLY 5 B0 % MERIEFX GBI OWTEICHERY W E L, e
T LUV LIEANS Oy v 7 o2l U CRIRANCH LANRTEY . ZHUTSEZ D HE
DFVEBT—Varrzd—XARETu—T2ARNL%IT2, (728, GBRMPA 267 LE T —
¥oa VERIORMHI Do T m OARMEFITITIAT LTy, ) IS ED LB Th D,
® GBRMPA (X7 L — bR U 7 U — 7 ORA% —tiICHEET 2 BURKEI CTh 5, o THEAED DR

RIS T R DANERIT E TOEREREERE D NA—L TN D,
® /L — N T U —TFkkx BB E 5 INTW5D, BIECIH R CEENR LD L,
IRBEALSCKE G Y72 E ORI R b DD 203, T2 o CTOKEFRNPERTHL Z LD
Mo TE, BUE, 7L — MU T U —TITHMAVAALTWD5RER, T, (L FWEOETIX
7o ERERITHERF TE 72\,
® Gl IX, F—wm NN AET HLIRTE T 5 & i EWE) 728 5~10 5. U U Een
2~10 {5, ZEFREADN 2~5fFIZR> TN D,
® 2003 D 7 L— "N T U =T OKEUEMK & LT B b IckEgo tfHE R ET5
[ THEKER23H (Reef Water Quality Protection Plan, Reef Plan V—7 77 &
BiEEND) ] BEMSNTND,
0V —TTT LI L —MNUT Y —TONKELEE B E T DRk e Bk IRE), SREFIE.
W AR 2 AN T 27200 7 1 75 LT, 20 BLEDORE A Z2HIKR D33 - Tuvd,
GBRMPA [IZEfE/X— FhF—D O E DL LTKEE=Z U 7 %X U & T HFEMIEIEE) D
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M, TR, ZRIB L OT — 2 OFH - 2l b | 2D ORERIC IS < XPRE NN AN, 3 &
EAILE) & > TV D,

0 — 77T U OFEMmIKHIL, BUNFEIHIEZE S (Inter—governmental Operational Committee,
10C) MFEFELOEE LM, ZOTIUCHEZES ERFPEHE ARV, FEY—F 7 T L—
TRBHITND, 10C O EAIZIZEBIFEBEOENL R ZRES L, ILIZED I L
— MR T Y —TEBRESEN D D,

® BLFHERICESWTIRED AR ERDHKENTA RIA L ERET DO YYD HETH-
7o BUEIXE v FHIGEE (30em O [ AR Z ko CRIE T 2B ) AEFEY mblE, 785
17 4V a ENMERE)0.45 ug/g (mg/m’) AT ZFETA RT AL TS, ZAbiE, &
e TORE & SRR, £ LT A LA DV, V7 b a—J AgER &L O
EYINGE S YV dW e

@ /T ¢/baflIONWTIL, A=t N OUENLZEMNTAEEZIKD 0.8 ug/L UL RIT D
F(VRY) #CEXHETTTL2ZELRIRZEEE > T0D, BENEEIN TS
OB & LTIE, hiFRBER, K)o IREMENH D,

® R TF U RDOTF — AT KEFIGEN A TMI T, BHITT A — 2 X T RN RO EEEF R~
HE N T R B S B9 DB 21T > TW AL GBRMPA 28 U — 7 75 D —Bi & L TREN
F=BIHSWTEE L KETA RIA L ORNEE ., TNRREEEY 7 2 — LERNH S
O, FHREHOCFKENR ED L IR SINDHERET, £HTHZLTEDLI AT v b
DD DNEHRH LTS,

O iMDKFEE=F V7 LET V7 GIS, HREFIGENT [V TR N" T 1 7T A
(Paddock to Reef Program)| & LT, Z7A—r 7 RMNEFH WL SO TEZEZ DT T
LM, EHBMES 21 GBRMPA X° CSIRO (A — R T U TR FpE ST 7R 7o O R
RIS Y — RLTWD,

® WM AEEHT A —ARZT 4L LT, HV— (ARJI) TE=FV I nbHbd, 74—
AT v RN RO IR TH 5 3 —F 2 U JIFHRO 52 6 ROV —n 5, RHITHEK
L7 I EOREOTH N T 20 2HRET 52 Lo, MENLBIEE CAFAIRE
PRZERGEEINSE T U — DR S DAL L ORI &2 F B - Ttk T EE2HEE LT,
ZORER, ZTRENANTEIT DY 4 —=—H I —DRBVKOEETHD I ERNbhroT,

O =T, NV —JAIlTHELEALTNDERExGE LT, i@ CINAZHMET 52 L2 45
iz, #x R F BB I OMEBERZELZEL W2E, EFME2ECTEEE, WENEL
TV @8 E CRMNIEEE 2 L) FoRERNE, WaHfsE, AT EE2HT
Lz, ZORER, AW ENSZ O EEEFREIL, BEMZREIECT <, HB5NHFIZEMR
Rb DRI b ol, ZOFr—AEEEEE RN L THMEZHE TV D,

O NUFEREFADT—ARET 4 — L LTIk, JEIEFIERNCI &% bl L7203 & 5, IR
AEER & BER AR D Z 2 2 Rl & PR 217V, & DICIERIRIE 2753 0 R ET 5
MEMABEDOETHIFE L TNEZRAET DL & bICEF - U U iiEa#HEE LT,

® T DFER, WRAE « BRIEL & HICHIF MR e &SR - U O EN DN T &0, IR
Bk RT L IRHENRBL RNt bbhoTs, ZOMGE2ERTH L TA~T Z—LYi-

' Paddck (/SR 7) OMEUIREREEN RU7Z 670z 70 ) LERL,
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D OIE SN L7,
O N X EADKRY DHELZUGET LT —ARZT 4 — & LT, kot ERLEIZ X %K

L, M LRI K ATEKICEZ D Z LT KRR LN bINEE BT 5 Z
EMNRTEDLOT, EHIRIIERBAREE ORI & AN JiAD 5, MAEE 2 FEiid 5 & i
M E, WHEREE I T2,
® =t NTOREBRAENAED 7T v AL O/ SFFEFANTIT, Bip D el o 5k CEHE
HEZKRT 57 —ARAZT 4 #Ei LT\ 5, BIIEO T THETEZ 01X, KL AKROMD
B (SN R L — IR HEAE L CRZ B E T2 L7, ZOHFETIIER L & HIZKRED
B IRER DT D, £ 2C BHCHEZASCL, BWET QBERIZ L) e ot
FREIE & A Zx 2 L CE=X Y 7 Lin b 2 A MINERREE KT 40%I 5 25 ATREEN &
D ERNbhotz,
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3—4. A9 XEIIEBOEIABRRE

SEIOFA—A N Z U THERIZSE 7 AEVTEBOESLAR 3 7 Bz figg Lic, 11 A 3 BIZIE
AIMS IZITWAR D U 7 7 ) — XA [ENAR (Bowling Green Bay National Park) . 5 HIZIL#
7RO 180 Fr D F Ty 7 BENLAR (Hinchinbrook Island National Park)
LB LT-HBICXY o ENAR (Girringun National Park) O—ER & b~ [LENLAR %+
NENRE L, 74— X7 MINBLOE 7 X VEDOENAROAMEIZX 4 — 3 — 11
N7,

A

Cardwell®
\ Girringun NP
\ Broadwater -

/ EFUTILYIEN | N

A

Wallaman Falls & *
ALY FYSHUN 7
Mount Fox *Jourama\Falls Halifax Bay Wetlands

The Lynd'e National Park
/ Greenvale Mount SpecA e mutarnee Magnetic Island NP
f \\,\ 8ape Pallarenga .
| 5 . onservation Par
-, /\JL= L NP /ph?er:t‘ional Park Townsville Town
¢ Common
/ Conservation Park
p __Her — e Cungulla
Blackbraes By REL
National Park
I i Dalrymple
A— — @ i National Park

ins ¢
K

hs Creek

Pentland

i Legend
A Sites of Interest
e Towns
Rivers
Ocean
Protected areas
— Highway
lackwood — Sealed road
Natonal Park | — Unsealed road

4—3—1. 94—2X5 2 MR (ETF8A) £ XELRIOELLABRMNER, &
55304 —2X5 Y FMERLABER—LR— K YEE L=, NP (X National
Park (EiZAE) OBETH S, (http://queenslandnationalparks. com. au/)
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83—5—1. RV TT)—URAMELLE

RV 77— _AENARITY 7 RAEVOFEK) 25km DT ) F—K—7 ) — 7 iK%
Hlh & L CRBE O OWREE TH A= LTS, AROEmIZIEZ A — X7 R TRbENT
Uﬁy%M%%D\Mﬂwﬂﬁmﬁﬂgﬁﬁ%@%@ﬁ“‘%ﬁ@%:ﬁiﬁﬂ~7y7u~7
WE RS 70 2R BARREE DN A B 5, NZIZER DS iR 7 UV 7 —% — 27 U — 2712 » T,
N=R_Fa—F (a4 0R) | F¥IANUNRN=T Y TG A X T a2 EORPE
FER% DA S AL TV D08, WEEOE B 1TV e,
® 1940 Tk E, 1967 FFRITIRAE, MMfEIX 57, 900ha, E{EAZITHT 1, 200m,
® TR HE £ 60,000 A GAR BIZEH CTH o 27200 FIHBF TN 2o 72),
® 244 FEIHD DI SN TEY D H 30 FENEY B TH D Z Lb T AP — /LA &
LTRESNTND

K4—-—3—2. ROYUG5)—ORABEALIRNBRNEFTNZTIVS—2—9 )= (H4—2X
SV FMEMLABER—LR— & YERE)

3—5—2. ¥YUHUEILLE

XU UHERIARITZZ T RO 110kn DA > T D06 T — K7 = W2 h T T OWEF
2B LRI 20T TRRE SV TW D, FFET R TLME O SRR B AR D B O~ > 7
=7 ~EODWRN D AR RMEREE T, & E (Wet Tropics World Heritage Area) &78-o
TWb, SEHELZZ A M (Tyto Wetlands) 1Z[ESZAR O&PHD S HF0ITF T
LIS, AT EWETN D MU B IEHIE D L RVITELE T, ARNOSEERSUE (TRY V=)
ERWOTN Y R D,

® 1994 FITRRIE T v 7 A /V YV ENLAE & L TERE, 2003 FEIZF Y o L) eERIUKIZH
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IRAITEARCAET 2010 ARICIRBE S vz, #RmfEI 1, 538km’,
O f—A LT VTIHRRKOU IV HEET Ly aiziI Lo 32 BREB EENGROENS
Rtk (BB O 21~65%DFENRER) L) BIEE L L Coffifii &, SLAERIUEOlE &
NHEDONTHREEL o7, BT, 2010 EITITEMEREER v 2Ry b (HRT

35 7 FT) & LTHREE D T,

M4—-3—-3. FYUAVEILILAEOEIKICMET 55 14 ~—iEHs (Tyto Wetlands) (EAfEIRF

[ZiR#2

3—5—3. /NILYWEMNZLAE
2V HENZARITZ 7 o AV OJER) 60km D Ay 7 1HEANY T 7 v 7 Z LD JE PIZ R E
INTWD, HFEFEICE ENOENRBENKE | Ya—TF OB, £onitox ) 70
VENLAR L FRRIZEEROEMNEZE O TW I SHe e iiED H 25 T TH 5, EiEH b
1,000m DAy Z|NHEE CHEBHE TEDL ZENTELT 7B ADOR I LHEHKRORRL KENEE
R YAREZNT V=TI EROTHE T RENA L HENHEEL DN DB D,
® L= ILHOFLEFFIC LD 1900 FFRPITED D AT U E D | 1930 FARUTILEE D B [LTE~
PG SVTc, EOBRMEBIEE o728, FRMIRGELZ BAY & LT 1988 4R T i 5L e Hisk
WZE b, #imfElE 900, 000ha,
@UTANTEIRNT viaf—F—R S PEHE CIIALNRWENEE T, 77X RN
ON—RyrvF T A e LTHELTHD,
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4. #x (TLEVT—LavEH)

4—1. F@BELZE FTRENEEEODH

Comprehensive management program of
Crown-of-Thorns Starfish outbreaks in Okinawa

1. Develop early detection techniques
Establishing a framework for community-based monitoring
of adultand juvenile COTS

2. Research on causal factors
Evaluating the relative importance of causal factors of
COTS outbreaks in Oki

3. Establish an effective [ efficient solution
Review previous control programs
Discussion on a future comprehensive COTS

Research Agenda:
. Water quality
. Larval dispersal

. Population dynamics
. Prediction of outbreaks
. Effective solutions

L2 -

Research Update
(November 2015)

Protocol
. ® 23 sampling points (2 control)
s o ® Sampiing Fortaightly/Monthly
e I Ty ® Nutrients
et G TH-DTN:DIN: TP-DTP:DIP
o TOC-DOC- Turbidity
/ E:.: ! ® Chiorophyll & — Fluorometry / Logger ( Satellite
LT / ® Calchment evaluation - GIS
N Results (2015 tontatve)
“/ il ® Mean Chla 0.20:0.03 pg/L (0.05-0.98)
el ® 67% (<0.25)- 29% (0.25-0.8) 4% (>0.8)
’;' s ® South > Nerth
aobve SHRA .
1
rack-.2

(A)-3717.35 > (B) -3805.79
Probabikty caimuntod based on Boyes’ Thoorem
ming microsatelite dotn
COTS larval dispersal is likely to be
Northboud along Kuroshio current

K4—4—1 (1) . HEEEH.
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Mean current direction (2011) Variation coefficient

L
LS
¢
T
i

] :'fz"‘

P T o m w b e e

FHLA bbb KON
8 Fasmrnash b Gk

® 22 sampling sites (same aswater quality monitoring)
® Samplng daily [ weekly interval (June — August)
® Microscopy | PCR Screening

= COTS larvae (brachiclariae) were found at southern sites (O) Mid-Late August in 2015
(gastrulae and bipinnariae were found in early July in 2014)

Chronic COTS oultbreaks continue despite low Chl. a along the coast of Okinawa
= Food limitation might not be as severe as predicted before?
"
PREDATOR

§ B
& |1
o | i
= ! 1
e | [
o |1 :
= |1 !
S 1 1
= i | FOOD
) ! L
e ;

|2 1%a :

..... o -
S13C (Food source)

Exp1: Natural foods
120 120

A . (8)
o Enbeys
90 I _J : *ligin_phytal a0
[ : Pho (Food)
_ &0 o 60
Z 1 2.
z
= -
30 FErren 20
L ]
[en—
L
o0 " oo
M1
thposianinn
Drmmiedang
an —= a0
270 240 210 B0 150 420 200 240 290 AB0 480 420
51C (%)
COTS larvae assimilated naturally ing particles (POM) as well as phytoplankton

Exp2: Cultured algae Exp2: Natural foods
120 120
A *aduks (8) * adubts
iigin_Timad ©igin_Timee0
S lipin_phytal | gin_O.hurm
90 omon iy Bipin_2um
e-9  EftwioDecd) wiigin_t0umm
> —® %a mrow atamtreen)
60 e 1 1 6o > N\: R, s (o]
& = - £ e
- - -
= 10 - T 10 -
-y - 1 -
IIREIUTRR ﬂ't"n-"JTI CrTRn Ee‘;;\ﬂ‘u
oo| " 00
Lrraasang
30 30
250 20 430 B0 430 00 250 220 480 60 430 .00
SIC ()
COTS larvae assimilated naturally occurring particles (POM) < 2pm
- POM might be able to top up the shortage of phytoplankton

K4—4—1 (2) . HEEEH.
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Ciamator {mm)

Grgreth giatve for 2013 cobert
5 % IAEBS e T g
1w 27.3722°0.025200exp VPP flawie)

By T e

Crans
2o

M e e stcat it Rt 2 ke

Grawih gatve (o 2013 cehort [ted ling)
S = 626 9760%0.00094 194 exp # S
Orstematn dumeter]
Ty B
Ty Himn
» 1im 30

g S i a5 it v bt o
o tha pervicen e vy ot rismote 1. |

Hamater {mm)

M4—4—1 (3) . HhBEEH.
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4—2. RJz - FvoELT (AINS) OEH

5. Uthicke, Team leader CoT5 research
- NN
g AUSTRALIAN INSTITUTE
Australian Government OF MARINE SCIENCE

AS: Astralia’s tropkes] marko

o

= Overview

Introduction: Present (4t} Outbreak

",

Year 2008 - 2010

Year 2014 - 2015

v COTS pet Tew

Introduction: Why larvae?
+  5-60 Mio eggs: Planktonic losses can be massive
« complex larval cycle, many developmental milestones

Egg = Fertilisation >

107

Larvae = luvenile
>10°

Fabricius KE, Okaji ¥, De‘ath G {2010) Coral Reefs:1-

13

Why larvae?

Changes in larval survival due to increased food availability suspected as main caus
for outbreaks

Every day in the plankton leads to 10-15% Mortality

107

210t

T T
ama oiey  ed 4 i

Chiseopty@ g L]

Brodie J, Fabricius K, De'ath G, Okaji K (2005).
Marine Pollution Bulletin, 51:266-278

K4—4—2 (1

)
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* 2) Testing larval cultur
s L R
ere are'the larvae? Developrient of genetic markers to Identify tarvae In
bt il L

tralia’s tropkal maroe

och aency,

IFviiEL.




SeaSim experiment Example: Food quality

* Food Quality: 4 different algae offered

— Determine nutritious value and food preference

SeaSim experiment Example: Food quantity and
temperature

+ 2 Factor experiment: 3 temperatures and 5 food concentrations

=T ture vs food availability as modulators of growth and survival

Food Quality

* Dietary items clearly influence
larval development.

* Dietary composition significant
when evaluating larval
development.

] = = un uz
PURA g mg gt

100% Phaca/Chaeto > 100% Dun/T-1s0

Francis, D, In prep

AMS: Australia’s tropleal marine research sgency.

Food Quantity

2

2

Med-Lato Brachictoria (%)
" &
o o

o

2550 75100
Algae calis {x 1000 mi!)

* More food: Faster growth
= Effect accelerated under increased
temperature

AMS: Australia’s tropleal marine research sgency.

Food quality and Temperature

) Survival Probability *  240% increase in

survival
* Or:out of 1000 larvae

36 survive at 28°C
87 survive at 30°C

(but:
< 10 might survive if
algae in low numbers)

—— ;

Temperature

Uthicke 5, Logan M, Liddy M, Francis D, Hardy N, Lamare M (2015) Sci. Rep. 5

AIME: Acntralia’s troplal mar

K4—4—2 (2) .

264

Developing molecular tools for COTS larval

identification RE 'ﬂ ]

*Specific primers designed for COTS gene
e

*Adult tissue extracted and specificity tests conducted agal.nsl: other sea

5 4l

stars and other echinoderms

*Resulted in primers that demonstrated specific amplification of COTS

DFviTEL.



Field sampling

7 Day field trip between Cooktown and Townsville on the RV Cape Fergusson

48 plankton tows

Simultaneous water quality samples

Water Quality

Water quality data in conjunction with larval distribution can assist testing
hypotheses on larval survival and outbreak causes

Chlorophyll
-

Salinity

Cruise track Temperature

All samples were analysed on
board, with fast turnover times

This was invaluable to guide the
search and strategy for sampling

Initial results showed a surprising
amount of positive ‘hits’ for COTS
specific markers

Initial results

COTS larvae detected in most
samples

Early in the trip decided to go into
the Coral Sea to get some negative
samples (=test of method)

Initial results:
= COTS larvae much denser than
expected

* Larvae also well spread south of
main outbreak area

Green dots COTS detected

Method confirmation

+ Isolating and DNA sequencing of
individual larvae eg.
o AC:CoTS
o D-E: 3 other seastars (Luldia,
Oreaster?, Patiriefla?)
o G-I: Sea Cucumber (Holothurio sp.)

Identified CoTS in several samples - also
found a high diversity of other
Echinoderms

Quantitative PCR — quantification of
CoTS larvae in field samples

of CoT$ larval

Quantification of CoTS larvae will enable the direct i
o the nutrient

and improved correlation to water quality P
. i of CaTS outhreal

8

* Track and model the spread of CoT5 larvae {larval density is a missing parameter in
maodelling) and 3 valuable tool for CoTS larval ecology.

Initial tests with qPCR
+ Gene cloned into
bacteria

“x‘_‘_\‘.

Ma4a—-4—2 (3) .
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Future: E-DNA Concept

E-DNA (= enwironmental DNA] is the detection of DNA in water samples. Arises from sloughed
off cells, tissue debris and free DNA.

OuesH

Using th

itive PCR tools devel

ped, can we sniff’ the water to detect CoT5?

Filter size helps determine the origin of the DNA

——— ™™
|

Larval DNA

Coarse screen (eg 75 pm) to
remove, &.g. larvae

Juveniles and adults

{adults can be
Whatman,/Sterivex o~ excluded through
filter {0.2 pm) traditional
captures DNA from r monitoring)

kol markne nesoanch agency,

SeaSim Team
Michelle Liddy
Murray Logan
Jason Doyle
Sam Talbot
Charlotte Joh#)
Claire Lugrin
Dave McKinno
Dave Francis

Future work: Combine Seasim studies with larval work in

the field

* Start continuous sampling at some selected sites

+ Conduct fine scale sampling to test e.g. nutrient hypotheses,

+ Food and physiological condition of wild larvae

+ Large scale sampling: How far larvae can travel in a given period:
Test of models, and for fine-tuning.

* TesteDNA

Publications:

*  Uthicke 5, Pecoring D, Albright R, Negr AP, Cantin N, Liddy M, Dworjanyn 5, Kamya P, Byene M,
Lamare M {2013} Impacts of ocean ac early life-histary stagesand of
the coral-gating sea star A planci, PLoS ONE 8:082938

= KamyaPZ, Dworjanyn $A, Hardy N, Mos B, Uthicke S, Byrme M (2014) Larvae of the coral eating

Crov f-th starfish, Acanth planciina ‘high €O, ocean, Giobal Change
Biology

= Lamare M, Pecorino D, Hardy N, Liddy M, Byrne B, Uthicke 5{2014) The thermal tolerance of
r f-th {Acanth planei) embryes and bipi larvae: i for-spatial

and temperal variation in adult populations. Coral Reefs 33:207-219
= Uthicke S, Logan M, Liddy M, Francis D, Hardy N, Lamare M [2015) Climate change as an
unexpected co-factor promoting coral eating seastar (Acanthoster plonci) outbreaks. Sci. Rep. 5
»  Uthicke S, Doyle J, Duggin, S, Yasuda N, McKi AD. Outbreak of |-eating Crown-of-
Tharns ereates continuous cloud of larvae ever 320km of the Great Barrier Reef. Scl. Rep,, in
press

tropkesl marne

SeaSim Experiment Examples: Continuous flow

+ Continuous flow to reduce maintenance

* Automatic chlorophyll control

AIME: Aut & tropleal marine neseanch agency.

K4—4—2 (4) .

Quantitative PCR

When normalised to DNA concentration, CO1 gene copy number variation between
early i and late stag: hiolaria was =3 fold.

This gPCR assay allowus to CoTSlarval ina tow
to lessthan an order of magnitude accuracy (can still be improved).

Spatial and temporal sampling campaign
underway with piggy backing on AIMS
1rips, sampling from AMPTO vessels and
other reef tourist operators

DFvTEL.
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Smart Control Technologies

Targeting COTS Outbreaks

Control Management Paradigms

]

FPP— 0 ki Sy

“Ultimate objective of COTS control programs is to
prevent coral mortality from going beyond acceptable limits”

Birkeland & Lucas (1990)

planci; Major Probiem of Coral Reefs

e e v
Chronic Limiting ‘good’ annual recruitment Years - Decades
Acute Eliminate / Reduce size of current populati hs - Years

-Q

Datasat 1985 - 2012
Da'ath et 41 (2007)

COTS Trinity
Filling of critical knowledge gaps

1. Genomics — /. Transcriptomics — 2. Secretome

Source Expression
Genotype Phenotype
[ GENOMICS | |2 TRANSCRIPTOMICS
Poorly reflects physiclogy Signal Physiologically relevant
Capability ‘Blueprint’ ‘Signature ‘Active’ genome

| 2. SECRETOME (external) |

I Receiver

Dynamically reflects physiology

Functional read-out
of physiological state

nthaster planci-genomes
‘gbr and ‘oki

Suppiementary Tatde 21: Summary of Nl assemblies amil anootstions for fwo
Acanihasber plarscl grnomes.

Biological Control -

]
0 i Sy

Pheremanes in Integrated Control

| Push-Pull Strategies Integrated Pest Management |

= Used worldwide against over 20 species

~ Insect control by synthetic pheromones S ;“";‘Ic.“;‘;
» Chemosensory based
» Species specific

~ Integrated with secondary control

l International Organization for Biological and Integrated Control of Noxous Anlmals and Plants [I08C)

K4—4—3 (1) . r—ILiEL.

267



ies

COTS Sensory Capabi

wiedge gaps of COTS

nse

l Oftuarion

Eye |
Smell ==
:i‘ s Taute
Taste Ll
Touch S

Radial Nerve along each arm + circumoral ring = shared sensory information |
Extensive array of sensory bundles

g I oo byl i €T iy oot sl i i b s B it

National Landcare Initiative

] ]
- 0 i Sy

ErrrTEp— o0 My cmy

Reef Rescue Program

Uy o DR
..—-__.! .

stralian Ginernment

epartment of Axsicultare i

» ldentification of alarm signals

» ldentification of reproductive signals

» ldentification of aggregation signals

Push-Full Strategies
Integrated Pest Management

p ush Alarm Pheromone Increase m_t_‘ch;’rem'wal rate

A
Tabla B4 b mrer Srah

1 s s

[He.

Aggregation fPheromones Application

Luring/
Traps
Spawning disruption
Pheromone (wax) bait
Monitoring COTS
Lecating COTS

Pull

i

Improved hand removal efficiency
Soak 24/7, 4300 traps/boat
Infertility (rionsynchronous}/sterility
Pathogen - Toxin laced bait

Qeiﬁ'dit {camera) n'romr.oﬁng

Bi ROV for COTS ph

Adults COTS can travel 0.5 km / day
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COTS Lethal Injection

e ]
Asttirtion Uaprnms gy

The Method of Choice for S0 Years'

]
L Semy

Advances primarily through improved efficacy of poison

IES: Adestralls tropical raring iearch bgency.

COTS Injection Trial 3

IES: Adestralls tropical raring iearch bgency.
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COTS microbiology 9‘&-

i AL WY
Assiralion Uorsmst. | a Waioms Scmcy

Invertebrate symbionts known to play major roles in
* Disease: primary or opportunistic pathogens

* Host reproduction and development

+  Morphogenesis

+  Host nutrition

+ Defence against other microorganisms

= Defence against predators

Examples:

Vibria fiseheri in squid | [ wolbachia in insects |
ARG Aarsta afla's trogrical eraving reseaich agency,

Microbiology of COTS %&"‘ i i

Asatyalinn Eopeoracss. |0 wademn Scmsacx

K}‘_ + Tissue differences?
s = Skin, spines, digestive glands, tube feet, male and female

gonads
f * Health state differences?
* Healthy and diseased COTS from independent disease
events

* Species specificity?
+ Comparison with Linckia

* Life stage differences?
+  Larvae, juveniles (algae and coral-feeding), aduits

MIME: Aursta aRls trogical avine research sgency.

COTS microbiomes— healthy tissues ﬁ&-’- . .

Asstyaling Epeoracss. |0 wadomns Scmsacx

Pyloric caeca: high
bacterial diversity; many

common digestive
systembacteria " e
| (55 Skin: high abundance of
< e — uncultured spirochetes
* e
Female gonsds i
e i =T e sk
e W W e e Coordinate 2 (22.2%)
i
Male gonads N Tubgt foit (T
Male genads: heavily dominated i (a4
(97%) by intraceliular bacterium Tube feer: Hyphomanadacea
{Anzeroplasmatacea-related). charcteristic taxon {65%)

MIME: Aursta aRls trogical avine research sgency.

COTS microbiomes: disease vs hea!thy%&-’: . .

Asatralinn Eporacss. |0 wadomns Scmsacx

! !

i 4 (23%) A iilates (325%)
Une. spirochetes [ 19%)
Flavobacteriales (14%)

Unc: Spirochates {35%) o ; {32%)
Typical digestive system Anaeroplasmatales (27%)
taxa{13%) Oceanospirillales (18%)

MNumbers shaw % contribution te chserved difference (SIMPER analysis
ARG Aarsta alla's trogrical eraving peseaich agency,

]
20 U Semner

—%‘_' Biological control
Mt * Reduction in ber (or elimination) of pest organi

interference with their ecology, for example by Introduction of
parasites or diseases.

* * Role of pathogens in natural COTS population

crashes
* Clear knowledge gap
* Infectious agents
* Reservoirs
= Triggers
* Virulence mechanisms

«  Low risk, ly high impact {

MIME: Aursta aRls trogical avine research sgency.
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‘Management \ Guidelines

Maring Park Authority

Threats to the Great Barrier Reef
|

i s f = [ ls—l
Waaia z =\ " re— Annual means:
. Macroalgal 45 | 121 -
Climate Water Coastal Direct cover ‘: ) 1 J/ >10 m Secchi
change quality  development use s 4 L <0.45 pg/L chl
o4 08 08 10 li'z
Hard coral 100 =
Sp richness

100~
1

% L ]
s

Secchi depth (m) Chloraphyli {ug/L)

De’ath and Fabricius (2008)

s rmelplan.gid. gav.ou

kan Government
wor Hoef
Maring Park Autharity

Reef Plan 2003 - ongoing
+ Joint agreement between Queensland and

ALP (%) DIN redustion (%) Australian Governments
— " * Reviewed every 5 years
E ithd + Scope — Diffuse source pollution from broad
-— il scale agriculture:
o . :
=i gy

ChioroSim :
* Horticulture.

Wooldridge et al. 2015¢

vipion.id.govou

of

[Cavemment + Management practice adoption
g T
* Groundcover
- " g | Seemma by 2020 the quadty O wWater sy =
RoolF + Riparian and wetland extent and e e s e i 193 i i
Inter-govemmental Agondies Graat Barrier < e Bty e it 1 . e Bt M
{oxpanded Roof Ministodsl functions
Comemitiss Ministorial Councl Cound

Im —_ - z e sy - [P —

Belara. —— oS Aol i « Pollutant load reduction targets st o e 0
Goal: = <l R T
* Water quality has no e e

detrimental impact on GBR
i ecosystems.

Healthy fand, healthy waterways, healthy Reef 4553 © i
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