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Definitions

Ct value Cycle threshold value for quantitative PCR. A positive reaction using quantitative PCR (also

known as real time PCR) is detected by accumulation of aeflaent signal. The Ct (cydteeshold) is
defined as the number of PCR reaction cycles required for the fluorescent signal to cross a threshold that
exceeds background levels of fluorescence. The Ct value is inversely related to the level of tariet gene
material in the sample. Kigh level of WSSV means fewer cycles are required to cross the threshold target,
resulting in a lower Ct value (typically <20 for a strong positive). A low level of target genetic material in
the sample requires more cyclesgenerate a positive tesesult (in this study considered to be a Ct value

of up to 36.00) that exceeds the predetermined fluorescence threshold. Samples where the threshold
value for fluorescence is reached between 36.00 aBd@ cycles (Ct >36.0645.00) are considered
suspect while test results are classified as negative in this study if the fluorescence threshold is not
reached by 3 cycles.

Prevalence: Prevalence of a disease agent within a host population is defined by Bush et al. (1997) as
the number of infected hosts dided by the number of hosts examined for that disease agent (i.e.
population prevalence). However, as the sampling of host populations described in the present report was
not undertaken randomly, and results obtained for mamyst species were from pooleshmples, the
NBadAd 0& IAGSY & LINBOIESYOS Ay G(KS LINBaSyd atdmRe
(including small sample sizes and limited temporal and spatial sampling effort) may not necessarily reflect
the true population prevalene of WSSV in the host populations examined.
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Executive Summary

This report presents the results investigations conducted by DigsFish Serwdas examineda range of
species of wild caught decapod crustaceans and otheerg@l vectorsfor white spot syndrome virus
(WSSV) in northern Moreton Bay and near prawn farms along the Logan River in April and May2820.

is exotic to Australia and ifwesencen the Moreton Bay White Spot Disease Biosecurity Control Zone can
be explained by at leasine successful recent (pof006 and preDecember 2016) WSSV incursion, most
likely via imported prawns used as bait or burley, followed by a modest founder effect as that strain
adapted to local conditions and hosts.

The objectiveof this project was to undgake opportunistic plankton samiplg (n = 31sample$ and collect

small norncommercial species of decapod crustaceans (n = 2462) in northern Moreton Bay and near the
intakes ofthe three prawn farmswvhichremained operating on he Logan River during April and May 2020

at a time when it was known that WSSV was active in the environment. These samples were tested by
gPCR for WSSV (n = 454 pooled and individual tests) in order to determinsdftth@were acting as
WSSV vectomnd/or reservoirs and to inform the degi of more detailed epidemiological studiesdESV

in the environment of &uth East QueenslandES)LDthat may be undertaken in the future. Interviews

with prawn farmers operating on the LogeRiver were also conducted to document the biosecurity
protocols sed on affected prawn farms during the two growing seasons since they restarted following
fallowing after the 2016.7 WSD incursion. The interviews revealed that overall production ghtee

prawn farms dropped 65% (rang&2 t0-69%) in the first (208-:19) growing season following the enforced
fallow period (201718), increasing only slightly td4% (range33% t0-49%) in the most recent 20120
growing season compared to the baselifpge WSD) 20136 growing seasorReduction in production

since 201819 was attributed torearrangementof ponds, and adoption of lower stocking densities and
reducedwater exchange to minimise risk of disease introduction.

A range of wild taxa sampled aeor on prawn farms on the Logan River were found to be gPCR positive
(Ct <36.00) for WSSV, including plankton samples, jelly pr@aweses sibogae australisstuarine shrimp
(Palaemonserrife), rock pool shrimp Ralaemon serenlis Palaemonellaspp., Family Pandalidae,
freshwater prawns Nlacrobrachium novaehollandijqeschool prawnsMetapenaeus macleayibanana
prawns Penaeus merguiengjsredfingered marsh crabP@rasesarma erythdactylg), mangrove crabs
(Metapograspus frontalls smooth handed rabs Pilumnopeus serratifroflsmangrove swimming crabs
(Thalamita crenat® blue swimmer crabsPprtunus armatus and mud crabsScylla serrata Non
decapod hosts returning suspect (£36.00,<%.00) test results for WSSV included amphipods (Suborder
Gammaridea and Family Caprellidae). tAtke operating prawn farms had improved their biosecurity
arrangementssince the 2016 WSD incursionowkver, gPCR testing demonstrated thtte biosecurity
approaches employedvere not able to exclude WSSV vectoduring the 20120 growing season. A
notable finding was discovgiof wild school prawnsanana prawnsand a mud cralwhich had died from
WSD in water distribution carsht Farm Cwith their carcassesemaining evident due tthe absence of
scavengindish excluded by drum filters. A significant risk factor fofaalins appeared to be intake of
water from the Logan River after a large rainfall event in February 2020.

AsWSSV was found at low levels in a broad range of taxa, and at i ile some wild prawns and csab
near prawn farmsthis suggess that WSSV has become embedded in the lower trophic levels of aquatic
food chains in northern Moreton Band on the Logan River. The virutherefore likely to remain in this
region for the foreseeable fute, signalling an urgent need for prawn farmeus further increase
biosecurity as they farm in the presence of the viris.long as the White Spot Biosecudigaremairs

in place, theeconomic impact on the commercial baitawn and baitworm fisheries in Moreton Bay will
continue to accumulate over tim@otentiallyexceeding that experienced by tipeawn farmingndustry.

Keywords

White Spot Disease, WSSV, Vectdregan River, Moreton Bayetapenaeus PenaeusScyllg Acetes,
Portunus
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1. Introduction

White spot disease (WSD) is an internationally notifiable disease of crustaceans caused by White Spot
Syndrome Virus (WSSV), a dousiianded DNA virus of the genWghispoviruswithin the Family
Nimaviridael K & SYSNABSR FTNRY |/ K htyet 2008y WEIK Gusés ldeNdistatingn i Q
epizootics (up to 100% mortality withirI® days) on prawn farms throughout Asia, the Americas, and

the Middle East, with manyfected prawns displaying characteristic white spots on the carapace
(Lightner 20030IE ®19). WSSV infects a wide range of decapod crustaceans (Bateman et al. 2012)
and is considered exotic to Australia, but international trade in crustacean commoléferesulted

in several incursions. The first WSSV incursion into Australia involvddtéstion in broodstock
prawns Penaeus monodgdnand mud crabsScylla serrataat an aquaculture hatchery in Darwin
Harbour in December 2000 after they were fed #nzprawns imported from Indonesia (East et al.
2004, ScotOrr et al. 2017). In that caswild mud crabs and prawns adjacent to the hatchery outlet
were also infected with WSSV, but over time this infection fizzled out and subsequent testing indicated
that the virus did not become established (East et al. 2004, 2005, DAWE 2020).

A second WSSincursion was reported in black tiger prawRgKfiaeus monodqrcultured on a prawn

farm taking water from the Logan River, in Moreton Bay, SE QLD on 22rd NovditiberBlosecurity
Queensland (BQ) was alerted, obtained diagnostic samples, and a cahfiiagnosis of White Spot
Disease (WSD) was obtained from the (now) Australian Centre for Disease Preparédistrsdian

Fish Diseases Laboratory (AFDL) on 1 December 206217 ScottOrr et al. 2017). The exotic
virus proved to be highly contagious forlitmed P. monodorand despite attempts at containment

and eradication, over the next 3 months the disease subsequently spread downriver to infect all
operational pram farms in the area by February 2017 (Diggles 2017, 2020). Delimiting surveillance
undertaken by Biosecurity Queensland in March 2017 also detected WSSV in wild commercially caught
prawns (greasyback prawiMetapenaeus bennettgdrown tiger prawn$enaes esculentushanana
prawnsPenaeus merguiengiand crabs (mud cralfcylla serratamangove crabThalamita crenata

in the Logan River and/or nortivestern parts of Moreton Bay (over 70 km north of the Logan River),
but only in the late summer months @)17and2018 Most recently WSSV waseatectedin 112 out

of 125 (89.6%J . crenatdrom Deception Bay, an230 of 43852.5%)M. bennettae 75 of 196(38.3%)

P. esculentusand77 of 141(54.6%)»and crabsHortunus armatussampledacross 11 sites in northern
Moreton Bayin March 202Q(Biosecurity Queensland 2020).

Due to the seasonal detection of WSSV in wild populations of commercial crustaceans, a White Spot
biosecurity control zone established restrictions on movements of uncooked crustacean products out
of Moreton Bay(Biosecurity Queensland 2017, Figure 1),uhlisg in significant impacts on the
commercial fishingndustries supplying bait prawns and bloodworms which account for over 80% of
ldza GNJ £ Al Qa adzZJJ & ¥ 2N i;Ri§ges$S2020NRiiedzé, & ancattey® ISt | N
at eradication of tle incursion, all prawn farms on the Logan River were required to cease production
for the 201718 growing season, effectively fallowing their ponds for up to 18 months, during which
time improvements to offarm biosecurity protocols were made (Diggles 20Rann et al. 2020).

Three of the prawn farms recommenced farming under improved biosecurity protocols during the
201819 growing season (Farms A, B and C, with Farm A being furthest upstream, Farm C furthest
downstream), without any evidence of WSSV ratng during the 20189 production cycle. However,
during the 201920 growing season, a few weeks after WSSV was detected again in wild crustaceans in
northern Moreton Bay in March 2020, two of the three farfiarms A and B) also recorded WSD
outbreaksin April2020, during harvesting at the end of the 2629 production cycle (Diggles 2020).
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Genetic analysis done after the 2618 outbreak suggests that the WSSV strains found in the Logan
River and northern Mreton Bay differed slightly from each other (Oakeykt2019), but both have
relatively small genomes with several deletions typical of more recent WSSV strains isolated from parts
of Asia and the Middle East, particularly China (Oakey and Smith Zk@y et al. 2019)The
ldzZAaGNFE ALY aGNIAya 2F 2{{+ KI@®S | GaKNdXzy1Sy 3ASy:;
from the original panzootic in Asia (Kawato et al. 20@8key et al. 2019). This, together with the
historical absence of WSD on prawn farms along the L&yem which have been established there

for decades, and failure to detect WSSV in various species of prawns sampled from Moreton Bay for
surveillance and the University of Queensland Marine Parasitology field course (PA305) from the
Moy nQa U A ftek et alni985 SpannladdyLester 199@wens 1997), suggest a recent
introduction of WSSV into the Moreton Bay region sometime after 2006 and prior to November 2016
(Diggles 2017, 2020akey et al. 2019). The most likely pathway for introduction of Vit88Wloreton

Bay is widely considered to be throughbstantialusage of imported frozen uncooked WSSV positive
prawnsthat were usedas bait or burley by recreational fishers (Diggles 2017, 2826ttOrr et al.

2017). Indeed, recent surveys imégnsland have shown 27% of recreational fishers still specifically
purchase raw (uncooked) imported prawns from supermarkets for use as bait (Kantar Public 2019).
These data indicate that many hundreds of tonnes of frozen imported prawns are enteritrglfuns
waterways each year as bait or burley (DAWE 2020), demonstrating the high risks involved with this
pathway of direct introduction of imported raw seafood products (together with their viable microbial
disease agents) into the environment (Durandagt 2000, 2003Hasson et al. 2006Jones 2012
Oidtmann and Stentiford 201 Didtmann et al. 2018).

The sequence differences between the Moreton Bay/Logan River WSSV strains and other WSSV
isolates available from imported prawns in supermarkets in SESice late 2016 make the precise

timing and pathway of the introduction cryptic (Oakey et al. 2019). However, the present incursion

can be explained by at leastne successful recent (pof006 and preDecember 2016) WSSV
introduction via imported prawsused as bait or burley, followed by a modest founder effect as that

strain adapted to local conditions and local hosts. Other potential pathways for recent introduction of
WSSV, such as via ballast water from international shipping at the Port of Byjisiian cannot be

entirely ruled out, although they appear far less likely as the ballast water pathway has never been
previously recorded to disseminate WSSV anywhere in the world. This author considers that
aLRyidlyS2dza NBOSyld SYONBSYNIS yZT 217 25 Qi higt §y RSY
confidence due to the fact that both the Logan River and Moreton Bay strains of WSSV are of the more
NBOSY( daKNHzy/ 1Sy 3ASy2YS¢ (GeLlST gKAOK RAFFSNE aAa-:
WSSV stins that were collected from their original sites of emergence (Kawato et al.; Zidleey et

al. 2019). Epidemiology of the 2016 outbreak strongly suggests that prawn farming activities on the

Logan River were not responsible for the incursion, asstelear that WSSV entered all of the affected

farms via intake water (Diggles 2017, 2020).

WSSV can infect all decapod crustaceans, including not only pesragidsbut also crabs, freshwater
crayfish, and lobsters (Wang et al. 19®entiford et al. 20090idtmann and Stentiford 201 10IE

2019). It is also known that WSSV can infect or be carried by many smaller crustaceans including
copepods and various types of zooplankton (Zhang et al.;ZEX)&rzd eal et al. 2009; Mendoza Cano

et al. 2014 0IE 2019)Transmission of WSSV can occur horizontally through contact with viral particles

in the water, however the most effective method of transmission is vigp#resroute when infected

tissue is ingested (Soto and Lotz 200/ et al. 2001Rajaetal. 205> KAt S (KS SEAAGS
vertical transmission has not been demonstrated (OIE 2019). This suggests that a meggusite

for establishment of WSSV @ new environment is whether the virus can become embedded in
populations of crustacean hastthat occur in the lower trophic levels of food chains which, via
predation, leads to their eventual ingestion by commercially important wild caught or cultured
crustaceans, resulting in WSSV infections that are detectable in fisheries and aquacultsteiésd



The persistence (albeit seasonal) of WSSV in northern Moreton Bay since March 2017 (Biosecurity
Queensland 2020), together with the high prevalence (89.684VSSV recorded in mangrove crabs

and other species in northern Moreton Bay in March 2028d the recent positive test results in
cultured prawns during late harvest on two of the three operating Logan River farms in April 2020
(Diggles 2020), suggedimt WSSV may have become established in wild crustaceans in the White Spot
Biosecurity Arean SE QLD between Caloundra and the NSW border. If this is the case, experience
overseas suggest that the virus will remain in this region for the foreseeahleefugignalling a need

for prawn farmers in SRLDto further increase their biosecuyi protocols and learn how to farm in

the presence of the virus.

2. ODbjectives

This project was initiated to undertake opportunistic sampling of a range of pale'tESV vectors
including plankton and nenommercial crustacean species in northern More®ay and the Logan
River during April and May 2020, at a time when it was known that WSSV was active in the
environment.

The three main project objectivegere as follows:

1. Interview prawn farmers and collect and archive field samples of potential WSSV svector
(microcrustaceans, small crabs, plankton) at several locations along the Logan Rivenantiém
Moreton Bay (Figures-3);

2. Testing of vector samples at BSL by gPCR to determine their WSSV status. Examine sub
samples of populations of any WSSVities vector species using histopathology to determine if the
presence of the virus is accoipied by pathological lesions or WSD disease; and

3. Development of a report which combines the results of the vector testing with the outcomes
of the onfarm bioscurity assessment to arrive at better understanding of how WSSV may be
persisting in the envonment of SE QLD, how the virus may be gaining entry into prawn farms on the
Logan River, and how to improve prawn farm biosecurity to reduce risk of WSD diglwrgprawn
farms and WSSV spillback into wild fisheries.



3. Methods

Upon request from theAPFAand FRDC, and after obtaining permissions frdpn iB April and May
2020 DigsFish Services unmek field collections of potential WSSV vector organisms at several
locations in northern Mreton Bay (Figures-3) in waterways adjacent to Deception Bay where the
various WSSV positive crustacean species were collected by BQ in March 2020. Colecti@iso
undertaken on the Logan River in and around the inlets and inlet canals of FaBrand C (Figure.4)
Prawn farmers were interviewedhen samplingvas undertaken Using Davie (1998) and Chan (1998)
for identifications, species collected were mostly rammercially targeted small decapod
crustaceans, mainly jelly prawn&detes sibogae australjsand estuarine shrimgP@laemon serrifgr

but also rock pool shrimpP@laemon serenis other shrimp Palaemonellaspp. and Family
Pandalidag¢, school prawns Metapenaeus maclea)i banana prawns Renaeus merguiensis
freshwater prawns Nlacrobrachium nwaehollandiag¢, redfingered marsh crabsP@arasesarma
erythodactylg, round shore crabsCyclograpsus audouipii stout rock crabs (zius truncatus
mangrove crabs Metapograspus frontalls smooth handed crabsP{lumnopeus serratifrofs
mangrove swimmig crabs Thalamita crenat® blue swimmer crabsPprtunus armatus and mud
crabs Bcylla serrata Nondecapods which were also sampled included aippds and water striders
(identified asLimnogonus windiising the key of Mgller Andersen and Weir (199Photographs of
the various potential vector species are shown in Appendix 1.

At the same locations where potential WSSV vectors were collectesr@ples of zooplankton and
phytoplankton were also collected either by David Mann (Department of Agnreulind Fisheries,

DAF) using an 80 um mesh net (Farms A, C, Beachmere Lake/South and Caboolture River) or by the
author using a 100 um mesh (FarmBibie Island). Water quality (temperature, salinity, DO) was
measured using a YSI 85 probe and refracsi@linometer. Labelling codes were developed to identify

the samples taken from each location to ensure that each collection site for potentialriexsts or

plankton was given a unique identification code number (Table 1). Details of the final nunfbers
specimens (n = 2462 potential vectors and 31 plankton samples fixed into 70% ethanol) obtained
during the various collections are shown in Tabld®@oling of samples (maximum of 5 individuals per

pool, see Laurin et al. 2019) prior to qPCR was unklentdor some target speci¢seeTable 3.

Tablel. Labelling codes used to describe the location characteristieaaf sample.

Samplingocation code Characteristics of sampling location

Farm A=A 1 = Intake (unfilteed) 7 = settlement pond (followed by pond #
Farm B =B 2 = Intake (drum filter backwash) 8 = outlet back to river

Farm C =C 3 = Intake (post treatment) 9 = Upstream Logan River

Northern Moreton Bay = D | 4 = Distribution canal (followed by #)| 10 = Deeption Bay

5 = culture pond (followed by pond #] 11 = Caboolture River

6 = pond drain pipe 12 = Bribie Island

Samples of jelly prawns (FamiBergestidag small palaemonid shrimp (Famili®alaemonidag
Pandalidag¢, amphipods (FamilyfCaprellidag Suborder Gammaridea) and water striders (Family
Gerridae) were collected by dipnet (3 mm mesh) or a lift net (80 cm diameter, 5 mm mesh) baited with
small pieces of bread or muesli bar. The crabs (Families Grapsidae, Portunidae) were collected by hand
ordip net (3 mm mesh), while freshwater and marine prawns (FaPeihaeidagMacrobrachiunmspp.)

were collected using a cast net (14 ft diameter, 12.5 mm mesh). Immediately at the site of collection
jelly prawns and small palaemonid shrimp were fixed whdiectly either into 70% ethanol or
Davidsons fixative (Table 2). Amphipods and insects were also fixed whole directly into 70% ethanol,
as were penaeids smaller than around 50 mm total length (TL).
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Table2. Details d the potential vector organisms sampled from several locations in northern Moreton Bay and near prawn farms on the érognmbers in parentheses

indicate number of specimens fixed in Davidsons fixative for lgtofogy. n/a = not available

Location Logan River Northern Moreton Bay TOTAL
Host group | Sub location Farm A* Farm B Farm C | Beachmere Caboolture Bribie 70% Davidsons
(201617 outbreak designation) (3IP) (41P) (51P) Lake/South River Island ethanol | fixative
Collection Dates 27/04/2020 | 25/4/2020 | 5/05/2020 | 29/4/2020 30/4/2020 30/4/2020
8/5/2020 2/5/2020
Water quality during collection Ho®dyc/ X n/a n/a HC DHC/ Hndyc/ I HT Pmc/ 2
DO 7.7 mg/L DO 7.7mg/lL| DO 6.8mg/L | DO6.1 mg/L
Sergestids Jelly prawnsAcetes siboga australiy 355 (65) 346 (124) | 300 (60) 259 200 (35) 1460 284
Palaemonids | Estuarine shrimpRalaemon serrifgr 77 296 80 210 (22) 53 716 22
Rock pool shrimpRalaemon serenjis 2 2
Palaemonellapp. 4 4
Family Pandalidae 17 17
FW prawnsNlacrobrachium novaehollandige 1 1 2
Penaeids School prawnsMetapenaeus macleayi 31 45 7(1) 46 129 1
Banana prawnsRenaeusnerguiensiy 8 8
Grapsids Redfingered marsh crabRarasesarma erythodacty)laj 39 (29) 8 (8) 47 37
Round shore cralQyclograpsus audouiii 6 (1) 6 1
Stout rock crab@zius truncatus 1(1) 1 1
Mangrove crabNletapograspus frontalis 1(2) 7(7) 8 8
Smooth handed cralP{lumnopeus serratifrofs 2(2) 1(2) 3 3
Portunids Mud crab Scylla serratp 1(2) 1 1
Blue swimmer crabRortunus armatups 1(1) 1 1
Mangrove swimming crabrbalamita crenata 1(2) 1 1
Amphipods Amphipods (Family Caprellidae) 5 5
Amphipods (Suborder Gammaridea) 29 29
Insecs Water striders Limnogonus wingli 8 14 22
Total hosts 511 305 539 531 372 200 2462 365
Zooplankton | Various 8 2 6 4 2 1 23
Phytoplankton| Various 3 0 3 1 1 0 8
Total plankton 11 2 9 5 3 1 31

* Denotes including 10 red fingered marsh crabd &b jelly prawns that were collected and frozen by farmers on 12/4/2020.
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Table3. Details of the pooling of potential vector organisms sampled from northern Moreton Bay andawearf@mms on the Logan River.

Ethanol fixad samples (max pool = 5) Logan River Area Northern Moreton Bay

Host Farm A Farm B FarmC Beachmere Lake/South [Caboolture River Bribie Eland TOTAL TESTS

A7/2-1=1crab,
AS/17 - 2-4 = 3 pools,

AS5/3 -5-7 =3 pools, C3/13 =1 crab,
AS/35 - 8= 1 pool, B1/3-1-2 =2 pools, [C3/16=1crab,
A4/356-9=1pool, B5/S4 -3 =1 pool, C3/17 =1 crab, D1/10E -1-3 = 3 pools,
Grapsid crabs total = Spoo's total = 3 pools tota! =3 crabs total = 3 pools 18

C3/10 =1 crab,
C3/11 =1 crab,
Commercial crabspecies total =2 crabs

Ma ngrove swimming crab C3/12 =1 crab

C4/34/6E 1-5 = 5 pools,
C7/5Ed 1= 1 pool,
C7/SEe 1= 1 pool,

Amphi pods total =7 poois 7
C4/3 1-20 = 20 pools,
A4/34E 1-11 = 11 pools, €4/821-30 = 10 pools,
A2/1/3 12-30 = 19 pools, C4/34/6Ec1 =1 pool,
selly Prawns total = 30 poois total =31 pools D1/2E 1-30 = 30 pools [D11/1E 1-30 = 30 pools D12/1E 1-30 = 30 pools 151

C7/SE 1-16 = 16 pools,
C7/SE b= 1 pool,
C7/5SE c1<3 = 3 pools,

AO/1E 1-2 = 2 poois, C7/SE f= 1 pool,

A2/1/1E 3-15 =13 poolis, C4/34/6EB =1 pool,
Palzemonids total = 15 pools B4/11 1-30 =30 pools [total =22 pools D1/1E 1-30 = 30 pools |D11/2E 1-11 = 11 pools 108|
Macrobrachium novaehollondice A2/1/5E = 1 prawn B1/2-1=1 prawn 2

C4/1E 1-40 = 40 prawns,

AQ/2E 1-3 = 3 prawns, C4/2E 41-43 = 3 prawns, |D1/0-1-5=6 prawns,

A2/1/2E 4-31 = 2B prawns, C4/1E 43-44 = 2 pools, D1/3E-1=1 prawn,
Meta penae us macleayi total = 31 prawns total =45 prawns Tota!l = 7 prawns D11/4E 1-45 = 46 prawns 128
Banana prawns C4/4E 1-B = Bprawns B
Water striders AQ/4E - 1-2 = 2 pools D11/5E - 1-3, =3 pools 5
TOTAL 431
Plankton samples (80pum net, ethanol) LoZan River Area Northern Moreton Bay
Location I Farm A I Farm B FarmC Beachmere Lake/South Icaboo*tu'e River IB'Tb'e Eland TOTAL
Zooplankton 8 2 6 4 2 1
Phytoplankton
Total [ 5| 2 5| af 2| 1 23

Total gQPCR pools

Tota! numberofqPCR samples 5 36 125 74 s2 31 454



P

. he

'
-
g
= &

Figure 4. Sampling of potential WSSV vectors was undertaken at various locations (including pre and post drum filter) arouncémalslet the three operational prawn
farms on thd.ogan River in late April and early May 2020. A rangéiofsecurity measures had been implemented since-2ZDliGcluding installation of drum filters, which
at this farm (Farm C) can filter 1200 L of intake water per second (4320)o a nominal 5Gnicrons

9



Penaeids andviacrobrachiumspp. larger than 50nm TL were cut laterally at the base of the
cephalothorax using scissors and the entire cephalothorax was fixed in 70% ethanol at the site of
collection. Grapsid crabs weréskcted medially using scissors with one half fixed in 70% ethanol, and
the otherfixed in Davidsons fixative at the site of collection. Large commercial (Portunid) crab species
were killed by removing the carapace and samples of whole gill filamentsgfagimcrab were excised

and fixed in 70% ethanol and Davidsons fixative at theo$it®llection. For all potential vector species
where dissection was required in the field (penaeid prawns, grapsid crabs), between the processing of
each animal scissors wewiped down with a disposable paper towel soaked in a 1:4 solution of
domestic leach (c. 1% solution of sodium hypochlorite).

Pooling of some of the WSSV vector species fixed in 70% ethanol was undertaken prior to gPCR analysis
at BSL (Table 3) in anterhpt to reduce processing and analysis costs, whilst retaining surveillance
objedives (Lane et al. 201Laurin et al. 2019). Pools were limited to a maximum of 5 individuals of a
given host within each sampling site and sampling location as recommendedurin et al. (2019).
However, due to substantial size variations between agwithin and between potential vector
species, pool to pool variation in the quantity of initial host tissue inocula extracted for gPCR means
that caution should be applietb any quantitative interpretations of viral load data from Ct results

from pooled samples Instead, for those potential vector species subjected to pooling, the gPCR results
collected in the present study should be interpreted as initial screening tsesiar the
LINS&aSyOSklo6aSyO0S 2F (GKS @A NHzaat gitd andldcgtionaka$imeds O G 2 NJ
collection when WSSV was likely to be active in the environment.

Pooling of jelly prawns and palaemonids was undertaken by excising a thim(i) section through

the cephalothorax (which would contain gills, hepatopancreas animglegs, but not (usually) eyes

or antennae) from up to 5 individual prawnsdikin 70% ethanol and placing the sections into a single
1.5 ml eppendorf tube containing fresh 70% ethanol. Pooling of crabs was undertaken by excising a
couple of whole dilfilaments (smaller crabs) from up to 5 individual crabs into a single 1.5 ml
eppendorf tube containing fresh 70% ethanol. Pooling of amphipods and insects was undertaken by
bisecting (medially in the case of water striders, and laterally for amphipous)placing one half of

up to 5 individuals into a single 1.5 ml eppendorf tubataining fresh 70% ethanol. Penaeid prawns
(Macrobrachiunmspp.,Penaeuspp.,Metapenaeuspp.) and commercial crab species were not pooled.
Instead, the distal tip of a single gill filament was excised from each commercial crab and placed into a
single 15 ml eppendorf tube containing fresh 70% ethanol. Penaeids were sampled by providing a
single pereiopod and gill from each side of the cephalothorax (large prawns >50 mm long for which
only the cephalothorax was fixed), or a pair of pleopods and gilta frach side of the cephalothorax

(for smallMetapenaeusspp. <50 mm long which were fix@hole) from each individual into a single

1.5 ml eppendorf tube containing fresh 70% ethanol. To avoid -@@sgamination between each pool

(jelly prawns, palaemads, grapsid crabs, water striders or amphipods) or individdalc(obrachium

spp., Penaes spp.,Metapenaeusspp., commercial crabs) sampled for gPfiR,sets of forceps and
scissors were used. Each scissor/forceps set was decontaminated in a 1:4 sildtomestic bleach

(c. 1% solution of sodium hypochlorite) for at least 5 minutes thesed twice in freshwater and air

dried before that particular scissor/forceps set was used on the next pool or individual.

Plankton samples taken by the author frdnibie Island and Farm B were collected using a 100 pum
mesh plankton net (250 mm diameterigged on a 2.5 meter long pole) that was towed obliquely
through the water column from the bottom to the surface for a standardised distance (c. 10 meters).
Uponcompletion of the tow, the contents of the net were rinsed with clean seawater into cnio0
containers which were allowed to settle before being decanted so that 70% ethanol could be
introduced to kill motile plankton. Further decanting then allowed saenple to be concentrated into

70 ml containers in which all supernatant water was repthwith 70% ethanol. Zooplanktsamples
werealso collected by David Mann from Farm A, Farm C, Beachmere and Caboolture River using an 80
pm mesh plankton tow net (30 cm digeter, 90 cm long) attached to a pole extendable to 3.9 m. From
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the pond bank or jetty theperator applied an oblique tow, directing the net through the water column
from near the bottom to the surface as it passed through a circular arc of up to 18@h@lal. 2020).

At sampling locations where the operator was positioned on the bankoblaanel, the tow net was
obliquely towed through a 130° arc. The volume of water passing through the tow net, was calculated
from the length of the total tow. Addidtinally, where the sampled water was flowing, an estimate of
flow direction and velocity athe sampling point was included in calculation of the filtered volume
dalyy S Fft®d HAHNO D B2 LI yliz2y O02ff SOGGR Ay {F
jar using clean, towasupply fresh water supplied from a pressurised maruahp sprg. This
concentrate was then transferred to a small 20 um sieve to drain the water and the dewatered
plankton residue was transferred into a 70 ml sample jar usimgthanol hand spray before the
sample was preserved in 80% ethanol (Mann et al. 2029.tdw net and dewatering sieve were then
thoroughly flushed down with fresh water using a pressurised pump spray and the sieve was also rinsed
with 80% ethanol. A igh dose chlorination step, or similar decontamination process, was not
undertaken betweensamplings performed at a single location. The sampling apparatus was
disinfected using Virk@®S bath and extended dry period between samplings at different location
(Mann et al. 2020). The zooplankton samples were tested for WSSV by qPCR and weed podiie
diagnostic laboratory in the 70 ml jars (Table 3). To ensure complete chain of custody, all 454 samples
for gPCR were personally delivered by the auttmBSL on 11 September 2020. Results from gPCR
testing were presented as sampbeevalence(see definition of prevalence on pagg, and thus may

not necessarily reflect true prevalence within the host population (Bush et al. 1997).

Diagnostic screening ethanokHixed tissue was undertaken at BSL using their-ties PCR assay to

assess theresence or absence of WSSV DNA. The TagmatimedPCR assay is based on the original

method of Sritunyalucksana et al. (2006) optimised for gill and pleopagktissBSL. Briefly, the tissue

was homogenised for 1 min and 40 s at the highest frequen2ymL Lysing Matrix D tubes containing

ceramic beads (MP Biomedicals) using a Tissuelyser (Qiagen). DNA from the homogenised tissue
sample was then extracted usirrgKingFisher 96 Magnetic Particle Processor with the Mag8fAX

Viral RNA Isolation KitKTS NY 2 CA A KSNJ { OASYGAFAOLE Fa LISNI GKS YI
acid was added to Quantifast multiplex PCR master mix (QIAGEN) with Rox and cortitgining
previously published primers, probe and BSA. Forward and reverse primers were usdthalt

O2y OSYGNY GA2Y 2F nody >a YR Hodn>a NBaLISOGAQGStex
neém >a FyR . {! 4 F FAYIl tasséyavgsOntsilyipleset With anfrouge¥ n dn
reaktime PCR targeting Decapod 18S as an intezoatrol used to assess DNA extraction and PCR
competency (presence/absence of inhibitors). Reak PCR was performed on an ABI7500 (Applied
Biosystems) or a RotorGene r¢imhe PCR cycler (QIAGEN) using the following cycling conditions: 95°C

for 5 min,followed by 45 cycles of 95°C for 15 sec and 60°C for 1 min. Fatevapod samples the

DNA extraction and PCR competency were assessed using a reverse transcription-ige @R

assay using the described cycling conditions with an initial reseasescription step of 50°C for 10
YAydziSaod 'yeé al YLXS GKIFIG NBadzZ 6§ SR A y-tiche PCRiwag | f dzS
retested at a 1:10 dilution. Ac@ TF 2F Xocdnn ¢l a SadloftAaKSR FT2NJ
Samples with Ctalues>o ¢ I YR XXnp 6SNBE NBLRZ2NISR & a4dzaA LS00 F2
Ct values of 0.00 were reported as negative.

Selected vector sampldésom Farns A, B an€Cwhichhadtested positive for WSSV by qP@&te also
processed for histopathology &xamine if the presence of WSSV was associated with viral inclusions
or other pathological lesionsThe species examined includestl fingered marsh crab®arasesarma
erythodactylg from Farms A (n =, §PCR Ct range 32.434.97 and B (n =,3Ct32.7), estuarine
shrimp Palaemon serrifgrfrom Farm B (n = 12, @inge28.56¢ 42.38) jelly prawns(Acetes sibogae
australig from Farm C (n = 30, Gange 22.87 ¢ 34.04) smooth handed crabsP{lumnopeus
serratifrong from Farm C (n = 2, Ct range 23¢ 24.71),school prawnsNletapenaeus macleayirom

Farm C ( n = 3, Ct rangé.28 ¢ 14.69) banana prawnsRenaeus merguien3isom Farm C (n =5, Ct
range 14.48; 15.94) amangrove swimming crall balamita crenatafrom Farm C (n = 1, Ct = 22.76)
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a blue swimmer crabFortunus armatugsfrom Farm C (n = 1, Ct = 28.140d a deceasednud crab

(Scylla serratgfrom Farm C (n = 1, Ct = 16.4A8) samples processed for histopathology wéxedin
Davidsondixative, except for the school prawns and banapeawns which had been fixed ifr0%

ethanol All of these samples were delivered to BSL on 10 November 2020 after which they were
SYoSRRSR IyR LINPOS&&SR T2NJ NRdziAyS 4| Bver&outd G 2 LI G f
and stained with haematoxyliand eosin for examination by light microscope.
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4. Results

4.1 Prawn farms on the Logan Riverproduction losses since 20167 WSD outbreak

Interviews with Logan River prawn farmers were undertaken dwsargpling visits between 25 April
and 8 May 2020. FFeners were asked about any additional biosecurity measures that had been
implemented following the 20147 WSD outbreaks and 2018 enforced fallow period for the 2018

19 and 201220 growing seasons thaave been completed since they restarted farmirgynfers were

also asked to what extent their farm production has recovered since the zero production year
represented by the 20118 fallow period, and whether the detection of WSSV on their farms had
affeded production during the 20120 growout season.These production data are summarised in
Table 4.

Tabled. Percentage loss of production (parentheses) comparnaatiuction achieved during the pre
WSD201516 growing season fahethree farms (A, B, Ghat have resumed operation on the Logan
River. Production dataare not available from thether three farms which have not recommende
operationsincethe WSD outbreak

Growing season Farm A Farm B Farm C % losqall farms
combineg
201617 (WSD outbreak) -100% -100% -94% 96% loss
2017-18 (fallow period) -100% -100% -100% 100% loss
201819 -52% -69% -52% 65% loss
201920 -33% -36% -49% 44% loss
Target for 20221 -33% -36% -43% 40% loss

4.2 Prawn farms on theLogan River, biosecurity upgrades, sequelae to 2020 WSD outbreaks

The famers at Farm A (which was designated 3IP during the- 20N\ SD outbreaks, see Diggles 2017)
were interviewed on 27 April 2020, which was 16 days after an incursion of WSD wascetimrte

on 11 April 2020 in two of the three ponds remaining to be haree for the 201920 growing season.

The farmers reported that, as there was no minimum biosecurity standards required of them under
QLD aquaculture legislation, for the 2018 growng season they determined to apply a combination

of increased operationadiosecurity, reduced water exchange, enhanced treatment of intake water,
and reduced stocking density in order to reduce the risk of WSSV incursions onto their farm. The pond
layout was revised to allow treatment of intake water usi@hhese manufacturé drum filters
arranged in 3 x 3 filter arrays (1 x 150 um screen prefilter flowing 3@0rimto 2 x 50 um screen
filters) for a total of 9 filters with a practical capacity oP@0 n/hr whilst filtering water down to a
nominal 50 um. The filteredater was then ozonated to a targekidation/reduction potentia{lORP)

of >700 mV (maximum 1100m¥. 3.2 mg/L/min ozone) and pumped into a holding pond for several
days before being usetb fill the distribution canals and dried earthen grow out pondattwere
prepared in the normal manner except for addition of shade ckatreenson the pond outlets (to
prevent crab incursions) and particular attention to elimination of leaks. A reductioriaifgond area

from 13 ha to 12 ha-8%) was required to accommodathe drum filters, ozonation system and
holding pond. Enhanced record keeping including tight control of visitor access via the electronic front
gate and sign infout tracking of all farmsitors was also being undertaken to further improve
biosecurity. @&en the reduced supply of intake water compared to the 2Qb%aseline season, the
reduced water exchange necessitated a reduBPethaeus monodoRL stocking density compared to
the baselir. Thisresulted in an absence of WSButwasaccompanied by a reduction ofted farm
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gate production of 52% for the 201 growing season compared to the 2016 baseline season

(Table 4). Stocking densities were identical between 208.8nd 201220 growing seasts, with the

only difference being that for 20120 shade cloth focrab exclusion was removed from the pond

outlets, and the 50 um screens became unserviceable on some of the drum filter arrays in mid/late

March 2020 after a rainfall event in mkkebruary(see Appendix 2) reduced water quality from the

Logan River and/iRdzOSR | YAY2N) Fft2¢ SOSyd oAydalr 1S éFdSN
temperature dropped briefly from 28°C to c. 20°C).

The circumstances surrounding the 262@ WSD outbreak at Farmwiere as follows: Harvesting
started on 7 February 2020 and wasrzgundertaken as per normal through the rainfall event in-mid
February and into March. The 50 um screens on some of the drum filters were observed to be
damaged in mid/late March but thiwas not considered important enough to stop pumping intake
water gven the advanced stage of the harvest and the fact that water requirements were relatively
low, given only a few remaining ponds required topping up prior to harvesting. Water requirements
were achieved by pumping for 4 hours on the top of the tide e32oy 4 days. By early April two of

the remaining unharvested ponds (#3 and #6) furthest from the river were being topped up most
frequently due to them having leaks, and it was in these ponds that signs of WSD were noticed as
they werebeingdrain harvestedn 11 and 12th of April, respectively (Figure 5). After around 1000 kg
of deadP. monodonvere observed during drain harvesting of pond 3 (the same index pond as occurred
during the WSD dbreak on 3IP in 20147, see Diggles 2017), the farmers notifi@ and a diagnosis

of WSD was confirmed by a positive gPCR result with CT value of < 13 from samples collected on 11
April 2020. Only around 10 kg of dead prawns were observed when poad Bawested on 12 April,
giving a total farm production for the0d9-20 growing season a 20% improvement on the 2098
season but still a 33% reduction from the 261 baseline (Table 4). After diagnosis of WSD in both
ponds 3 and 6, BQ required thesedathe remaining pond on Farm A to be harvested into cooking,
with all remaining water on the farm drained into a suitable empty pond where it could be treated
with trichlorfon (Lepide® Nufarn) usirg a doseof 0.5 g/1000L{or 0.5 mg/L, see APVMA permit #
PER84088nd heldfor >12 days por to discharge to the environment once trichlorfon levels were
below the level of detection (< 0.01 ug/L) (APVMA 2017). At the time of the farmer interviews and first
sampling for this project (27 April 2020), all production ponds on Farm A wereigaygb), with all
remaining water in settlement ponds and intagenals having been treated with 0.5 mg/L trichlorfon.

A second sampling visit was undertaken at Farm A on 8 May 2020 to collect additional samples of
vector species (mainly palaemonids,\glrawns, and grapsid crabs) adjacent to where intake water
was t&ken from the Logan River (prior to filtration) (Figure 6).

The farmers at Farm B (which was designated 41P during the ZDWSD outbreaks, see Diggles 2017)

were interviewed on 25 April 20, which was 11 days after BQ had taken samples of cultured P.
monodon from production ponds that were being drain harvested near the end of their-2019
growing season. These samples collected by BQ on 14 April 2020 were found to be positive for WSSV
by gPCR, however some unexplained mortalities were observed infidhdarlier in the harvest. The
farmers reported that, as there was no minimum biosecurity standards required of them under QLD
aguaculture legislation, in order to try to reduce the riFkM@SSYV incursions onto their farm for the
201819 growing seasorhey controlled farm visitors with an electronic gate (Figure 7), filtered all
intake water througha 158 nn XY yeéft 2y daz201¢ FAECGSNI G2 AYyAGAL S
whichwas followed by use of a significantly reduced (1/3 normal) stoc@lensity together with near

static water exchange. The reduced stocking rate compared to the-26@Haseline season, combined

with the much reduced water exchange and basically statiedpproduction, resulted in a 69%
reduction of total farm gate pragkction for the 201819 growing season compared to the 2016
baseline, with minimal to no profitability but with an absence of WSD (Table 4). Then for th&@019
growing season, water trésment remained identical for initial pond filling (filtration thogh a 150

200 um sock filter), however an increased (compared to 20d)Bstocking density of 2/3 of normal

was utilised, resulting in a requirement for increased water exchange througprttiction ponds.
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As these prawns approached market size thefeirevent in midFebruary (see Appendix 2) reduced

water quality from the Logan River and induced a minor flow event (intake water salinity dropped to a

YSI &dzNBR s F2 NJ dter t2riperatdie diagSpbidbaeRy frony2R°C g0 24°C). However,
reduUbUSR LIR2YR gFGSNJ ljdzt t AGé& RdzS G2 GdKS AyONBlF&aASR &
intakes of water from the Logan River, which from March 2020 onwards (and possibly earliesjezbnsi

of pumping of raw (unfiltered) water on the top 3 hours oéthigh tide at a frequency of around twice

a week. Despite the disease problems in pond 19 and at least 2 other ponds, total farm production for

the 201920 growing season increased by 108&ftnpared to the 20189 season (in line with the

doubled stockingdensity), but total farm production was still around 36% less than the 2®15

baseline (Table 4).

After the diagnosis of WSD on Farm B was confirmed by BQ on 14 April 2020, the farmeesjwieed

to cease discharge and move all harvest water into tligclthrge channels for treatment with
trichlorfon (Lepide®0.5 g/1000L, or 0.5 mg/L, see APVMA permit # PER84088) for at least 12 days
prior to discharge to the environment once trichlorfavéls were below the level of detection (< 0.01
ug/L) (APVMA 2017)At the time of the farmer interview and sampling for this project (25 April 2020),

all production ponds on Farm B were dry, however the water remaining in the intake canals was still
untreated so samples of palaemonid3ajaemon serrifigrand freshwate prawns Macrobrachium
novaehollandiag were obtained from the unfiltered and untreated water remaining in the intake
canals, and grapsid crabs (red fingered marsh cRarasesarma erythaattyla) were collected from

some of the dried production ponds.

The farmers at Farm C (designated 5IP during the 200.8VSD outbreaks, see Diggles 2017) were
interviewed on 5 May 2020, upon completion of harvesting at that farm. No unusual mortalityseven
had been recorded on Farm C during the 2@D9growing seasorgnd BQ had taken samples ©f
monodonfrom Farm C around 2 weeks earlier, and all of these tested negative for infection by WSSV
by gPCR. The farmers reported that, because there was niononin biosecurity standards required

of them under QLD aquaculturegislation, they applied a combination of increased operational
biosecurity, reduced water exchange, enhanced treatment of intake water, and reduced stocking
density in order to try to redce the risk of WSSV incursions onto their farm. The pond lagautthe
intakes was revised to allow treatment of intake water using large drum filters (Hex brand) with a total
capacity of 4320 fthr whilst filtering water down to a nominal 50 um (Figut). The filtered water

was then pumped into the large storagepacity water reservoirs and inlet channels for several days
before being used to fill both partially lined and unlined dried earthen grow out ponds that were
prepared in the normal mannerith particular attention to elimination of leaks. Farm C also gegh
aconsultantveterinarian to develop and implement a comprehensive farm biosecurity and emergency
response plan beginning in the 2018 growing season which detailed various standardrapng
procedures (SOPs) allowing the farm to meet the requireinén 2 F | dzA G N> € A+ Q& bl GA
Farm Biosecurity Plan Guidelines (Stdimmittee on Aquatic Animal Health (SCAAH) 2@manced
record keeping including many SOPs for operationavitiess, tight control of the electronic front gate

and sign in/otl tracking of all farm visitors. Given a somewhat reduced supply of intake water
compared to the 20186 baseline, this necessitated a 36% reduction inRhenonodorPL stocking
density forthe 201819 season compared to the baseline, resulting in an atsef WSD accompanied

by a reduction of total farm gate production of 52% compared to the 203 baseline (Table 4). For

the 201920 growing season a slight increase (+15%) in stockingitjecompared to the 20118
season was counteracted somewhat blghtly reduced survival rates, resulting in a modest 6%
increase in production for 20120 growing season compared to 2018, which still represents a
reduction of total farm gate produimn of 49% compared to the 2045 baseline season (Table 4).
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Figure6. Sampling opotential WSSV vectors was undertaken at several locations along the LoganeRivaend
on the 3 operational prawn farms. Several wild crustacean taxa were found to be WSSV positive in this river
tributary (pre filtration at Farm A). Intake pipes foaFm A are to the right of the photo.
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Figure7. All 3 farms on the Logan River had increased their operational biosecurity since thd42016
season, including much tighter control of farm visitors with fencing and electronis. gate

0T e

i

PENY

Figure 8. Water intakes at Farm C, which ceagmemnping water after the WSD outbreaks were reported
upriver. Sampling for this project occurred after harvest before the water remaining in intakes was drained.
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As the prawns from the 20120 growing season approached market size on Farm C, the raiwdall e

in mid-February (see Appendix 2) reduced water quality from the Logan River and induced a minor
flow event. Salinity measurements were not routinely takeéfrarm C, however pond water quality
records showed that the cooler weather that accompanagsfall events at this time of year resulted

in substantial (6 to 8°C) drops in the morning water temperatures measured in production ponds (from
28-29°C to aroud 21-22°C in early/mid February, and again from2Z&C to 223°C for a period of

over a weelduring the second week of March 2020). Given the large water reservoir capacity at this
farm, water intakes were not required during the February 2020 river8o@Sy > | y R NXB 3 dzf | N
intakes of water from the Logan River began again in early M&208, with pumping of 50 um filtered
water occurring on the top-3 hours of the high tide at a frequency of around twice a week. However,
after the diagnosis oaVSD on Farms A and B upriver were confirmed by BQ in the second week of April
2020, the farmes at Farm C switched off the intake pumps to ensure that no more water was taken in
from the Logan River, and ensured that water that was already in storagevoéseand intakes on the

farm was not introduced into any of the remaining unharvested producponds. At the time of the
farmer interview and sampling for this project (5 May 2020), all production ponds on Farm C were dry,
however the filtered water rerining in the intake canals (Figure 8) had not been discharged back into
the Logan River. Tabl5 contains a summary of the range of different biosecurity arrangements
employed on the three farms, however qPCR testing demonstrated that none of theseWamnmable

to exclude WSSV (see Sectib&below).

Table5. Summary fthe range of biosecurifgrotocolsemployed since the 2018 growout season on
the three remaining prawn farms operating on the Logan River, and the resM&S\ outcomes.=
yes,O= No.

Biosecurityprotocol Farm A Farm B Farm C

Intake water pre treatment sock filter (20Qum) O P O
Intake water treatment; drum filters (50 pum) P O P
Intake watertreatment- Ozone P O O
Electronic access gate P P P
Upgraded record keeping, reduced visitor access P P P
Full biosecurity plan implemented O O P
201920 production loss compared to baseline -33% -36% -49%
Intake of unfiltered water durin¢ate 201920 season o) P @)

50 pm filters damaged during late 2029 season P not applic. O
WSSW pre-intakefor 201920 season P P (assumed) | P (assumed)
WSSWin intakes (post filters) for 20120 season P P P
WSSWin growout ponds for 20120 season P P @]

4.3 Prawn farms on the Logan RiveAW WSSV vector testing results

Results from the gPCR testing footential vector organisms sampled from the Logan River are
presented in Table 6. Wide range of taxa were found to be positive for WSSV using a gPCR Ct cutoff
of <36.00These included jelly prawn8dgetes sibogae austra)isollected from the inlet caraof Farm

A (prefiltration) and Farm C (posiltration, Figure 9), estuarine simip (Palaemon serrifgrcollected

from the inlet canals oFarm A (prdiltration), B (unfiltered) and C (pofittration), rock pool shrimp
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Table6. Results of WSSV gPCR testing of potential vector organisms sampled from seaoaidan northern Moreton Bay and near prawn farms on the
Logan River. Sample prevalence of positive (P = gPCR Ct result <36.00) and suspect (S = Ct between 36.00)aqfiCR results and mean Ct (Ct range
in parentheses) are presenteddénotes samples pooled for this species (max 5 individuals per pool), ns = no samples available from that site.

Location Logan River Northern Moreton Bay Summary of all sites
Speies Sub location Farm A Farm B Farm C | Beachmere Caboolture | Bribie | Sample Mean Ct
group (incl. 201617 outbreak designation) (3IP) (41P) (51P) Lake/South River Island | prevalence| (range)
Sergestids | Jelly prawns* 50% P* ns 100% P* 0%* 0%* 0%* 30.5% P* 30.74
(Acetes sibogae austra)is 16.6% S* Ct 27.98 3.3% S* | (22.8740.12)
Ct 35.02 (22.8734.04)
(32.6740.12)
Palaemonids| Estuarine shrimp* 83.3% P* | 13.3% P* | 93.7% P* 0%* 45.5% S* ns 30.4% P* 35.47
(Palaemon serrifgr 3.3% S* 30% S* Ct 33.89 Ct 37.70 14.7% S* | (28.5642.38)
Ct34.15 Ct37.77 | (31.31:36.34) (36.84-38.54)
(32.4838.88) | (28.5642.38)
Rock pool shrimp* ns ns 100% P* ns ns ns 100% P* 34.72
(Palaemon sereniis Ct 34.72
Palaemonellaspp.* ns ns 100% P* ns ns ns 100% P* 35.71
Ct35.71
Family Rndalidae* ns ns 100% P* ns ns ns 100% P* 32.69
Ct 32.69 (31.6233.58)
(31.6233.58)
Freshwater prawns 100% P 0% ns ns ns ns 50% P 32.72
(Macrobrachium novaehollandiqe Ct32.72
Penaeids School prawns 48.4% P ns 100% P 0% 2.2%P ns 47.3% P 24.47
(Metapenaeus macleayi 41.9% S Ct17.40 Ct 30.32 10.1% S | (11.0641.58)
Ct 35.63 (11.0630.02)
(29.6541.58)
Banana prawns ns ns 100% P ns ns ns 100% P 14.49
(Penaeusnerguiensiy Ct14.49 (12.0016.44)
(12.0016.44)
Grapsids Redfingered marsh crab* 33.3% P* 33.3% P* ns ns ns ns 33.3% P* 35.17
(Paragsarmaerythodactyld 22.2% S* Ct 32.79 16.7% S* | (32.4738.31)
Ct 35.64
(32.4738.31)
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Tabl e

6 (condt)

Location Logan River Northern Moreton Bay Summary of all sites
Species Sub location Farm A Farm B Farm C | Beachmere Caboolture | Bribie | Sample Mean Ct
group (incl. 201617 outbreak designation) (3IP) (41P) (51P) Lake/South River Island | prevalence| (range)
Grapsids Round shore crab* ns ns ns 0%* ns ns 0%* -
6 02 y Q| (Cyclograpsus audouiii
Stout rockcrab* ns ns ns 0%* ns ns 0%* -
(Ozius truncatus
Mangrove crab* ns ns 100% P | 33.3% P* ns ns 50% P* 24.05
(Metapograspus frontalis Ct22.76 | Ct25.34 (22.7625.34)
Smooth handed crab* ns ns 100% P 100% P* ns ns 100% P* 24.52
(Pilumnopeus serratifrons Ct24.12 | Ct5.34 (23.5325.34)
(23.5324.71)
Portunids Mud crab Ecylla serratp ns ns 100% P ns ns ns 100% P 16.45
Ct 16.45
Blue swimmer crab ns ns 100% P ns ns ns 100% P 28.11
(Portunus armatups Ct28.11
Mangrove swimming crab ns ns 100% P ns ns ns 100% P 23.56
(Thalamita crenat Ct 23.56
Amphipods | Amphipods* ns ns 100% S* ns ns ns 100% S* 36.95
(Family Caprellidae) Ct 36.95
Amphipods* ns ns 33.3% P* ns ns ns 33.3% P* 35.52
(Suborder Gammaridea) 50% S* 50% S* | (31.3537.56)
Ct 35.52
(31.3537.56)
Insects Water striders* 0%* ns ns ns 0%* ns 0%* -
(Limnogonus wingli
Zooplankton | Various species 12.5% P 50% P 100% P 0% 0% 0% 34.78% P 32.29
Ct 32.39 Ct 33.97 Ct 31.99 (27.0%:35.72)

(27.0135.72)
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Figure 9. Sampling a water diribution canal at Farm C (posititer). All pools of jelly prawns (sampled by
lift net), school and banana prawns (sampled by castnet)pkamkton from this spot were WSSV positive.

Figure 10. Several moribund and dead soch@and banana prawns collected by castnet from a water
distribution canal at Farm C. High WSSV loads (lowest Ct 11a@@)pathological lesiagin thesemoribund
prawns(see figured1-16) indicated theywere dying or hadlied of WSD, their carcasses remag evident
due to a lack of scavenging finfish (excluded by drum filtration).
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(Palaemon serenjisind other shrimpRalaemonellapp. and Famill?andalidaé collected from water
reservoirs on Farm C (pe8itration), freshwater prawnsNlacrobrachium nwaehollandiag collected

from the inlet canal of Farm A (pre filtration), school prawketapenaeus macleaycollected from

the inlet canals of Farm A (pre filtration) and Farm C (ffittsation, Figure 10), banana prawns
(Penaeus merguiengisollectedirom the inlet canal of Farm C (pefditration, Figure 10), redingered
marsh crabsRarasesarma erythodactyla&ollected from e inlet canals and dried ponds of Farm A
(postfiltration) and Farm B (unfiltered), as well as mangrove critetgpograspugrontalis), smooth
handed crabsKilumnopeus serratifrofisa mangrove swimming crabTlfbalamita crenaty a blue
swimmer crab Potunus armatu$, anda deceasedmud crab Gcylla serratpcollected from the inlet
canal of Farm C (pofttration). Planktorsamples taken from inlet canals of all 3 farms were also WSSV
positive (Table 6). Nedecapod hosts which were found to be postior suspect (QPCR Ct cutoff
between 36.00 and Bl00) for WSSV included amphipods (Suborder Gammaridea and Family
Caprellidag collected from water reservoirs on Farm C (pliltation) (Table 6).

Besides the wide range of naturally occurring WSSV positive and WSSV suspect vector taxa, the most
notable finding recorded along the Logan River was the discovery of moribundeawidwdld school
prawns and banana prawns which were collected by castreh fa water distribution canal located

after the drum filters at Farm C (Figure 18¥hile water quality information was not available for this
sampling location at the time of celition (Table 2) due to concerns about cross contamination of the
water qudity sampling equipment, the large number of live jelly prawns, school prawns and banana
prawns sampled at this particular distribution canal suggests water quality was accepiaplain

survival and was likely to be similar to that measured in nearbytaries of the Logan River at that

time (21:24°C, 2&H p:.: Z  5100%dmg/L, B.K. Diggles personal observations). Nevertheless, a
total of 4 dead school prawns were recordeagether with the 42 live school prawns that were
sampled from this locatiof8.7% mortality). Many of the live school prawns appeared moribund as
they exhibited loose carapaces and lethargy. All of the live and moribund school prawns individually
tested fom this location by gPCR were WSSV positive with a mean Ct of 17.401fa@6e 30.02),

see Table 6). Similarly, a total of 3 dead banana prawns (Figure 10) were recorded together with 8 live
but moribund banana prawns from this same location (27.3&ftatity). Moribund banana prawns

also exhibited loose carapaces and lethha When the moribund banana prawns were individually
tested for WSSV by gPCR, all were found to be infected with high WSSV loads (mean Ct 14.49 (range
12.00¢ 16.44), see Table 6)These results suggest that these wild school prawns and banana prawns
were dying from WSDan observation that was backed up by the presence of extensive pathological
lesions in these animals as demonstrated using histopathologySesgi®n 4.5 below) A low number

(n = 3) of dead jelly prawns were also noted from the langeber of live jelly prawns (n = 470)
collected from this same sampling location (0.2% mortality). All 30 pools of jelly prawns tested for
WSSV from this location were WSSV pasifimean Ct 27.98, range 22-:84.04), suggesting that
mortality of wild jely prawns due to WSD also cannot be ruled out at this time.

4.4 Northern Moreton Bayg WSSV vector testing results

Results from the gPCR testing for potential vector organisms kahfiipm northern Moreton Bay are
presented in Table 6. Compared to the andRiver no plankton samples and relatively few wild taxa
were found to be positive for WSSV using a gPCR Ct cutoff of <36.00. The species found to be WSSV
positive in northern Moreon Bay included mangrove cralid.(frontalis) (pooled sample prevalence
33.3%, Ct 25.34) and smooth handed craBssgrratifrony (sample prevalence 100%, Ct 25.34)
collected from under rocks at Beachmere South, and a single school prhwmagleay) cdlected by
castnet from the Caboolture Rivésample prevalence 2.2%, Ct 30.32) (Table 6). Furthermore, some
pools of estuarine shrimg@?(serrifer) collected by liftnet from the Caboolture River were found to be
suspect for WSSV using a qPCR Ct cutoffdrst 36.00 and 39.00 (pool prevalence 45.8%an Ct
37.70, range 36.888.54) (Table 6). All other taxa and plankton samples collected from northern
Moreton Bay were negative for WSSV by qPCR (Table 6).
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4.5 Histopathology of WSSV positive vectors

Examingion of histopathologyslidestaken from WSSV positive vectors found little evidence of
pathological lesions or WSD sections taken fronted fingered marsh crab& = 9, gPCR Ct range
32.47¢ 34.97),estuarine shrimgn = 12, Ct range 28.5642.38) jelly prawns (n = 30, Ct range 22.87
¢ 34.04) smooth handed crab@ = 2, Ct range 23.5324.71),mangrove swimming cralfn = 1, Ct =
22.76) or blue swimmer cralfn = 1, Ct = 28.11).

However, the wildschool prawngn = 3, Ct range 14.2814.69), andbanana prawngn = 5, Ct range
14.48 ¢ 15.94) examined by histopathologfrom Farm Cexhibited moderate to high numbers of
hypertrophic, basophilic nuclei containing intranucl&s6SV inclusiobodiesthroughout a range of
tissues of ectodermalral mesodermal origin, includingonnective tissues and sabticular epithelium
of the carapace, gillgppendagesforegut, antennal gland and the cuticle of the gill coffiguresl1-
16). A section through the lymphoid organ ohe school prawnshowed necrosis of he tubule wall
with abundantamorphous eosinophilic material apyknoticnuclear debris scattered throughit the
necrotic materialFigurel4).

Thedeceasednud crabfrom Farm C (Ct = 16.48xhibited a large number of WSSV inclusionihe
filament epihelium and a large number of inclusions in the cuticular epithelium of the gillasisell
as signs gbost mortem degeneratio and necrosis (Figufe).

Figure 11. Histopathology of the ihcuticular epitheliunof the caapace of amoribundwild school
prawn Metapenaeusacleayi) fronthe intake canal dfarm C. Numerous hypertrophidagsophilic
intranuclear WSSV inclusions are evident (arrowl€x magnification. Photo by I. Anderson.
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Figure 12. Subcuticular epitheliunand connective tissus the foregut of a school prawn from farm C.
Numerous WSSV inclusions are evident (arrod@¥. magnification. Photo by I. Anderson.

Figure 13. Section through the dd of a school prawn from Farm C, showing scattered WSSV inclusions
in nuclei of the soicuticular epitheliun(arrows).40x magnification. Photo by I. Anderson.
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Figure 14. Section of thgymphoid organ o& school prawrshowng necrosis of the tubule wgkrrows)
with amorphous eosinophilic material and pyknotic nuclear delari®wheads)scattered throughout
the necrotic materiakOx magniftation Photo by I. Anderson.

Figure 15. Setion through the foregut of a moribund wild banana prawn (Penaeus merguiensis) from
the intake canal of farm C. Numerous WSSV inclusions are evident mbifigtisular epitheliunand
connective tissue (arrows}0x magnificationPhoto by I. Andersan




Figure 16. Section through the gills of a banana prawn from Farm C, showing numerous WSSV
inclusions in nuclei of the bauticular epitheliun{arrows).40x magnificationPhoto by I. Andersan

Figure 17. Sectionof gill axis subcuticular epitheliurof a deceased mudcrgBcylla serrata) from the
intake canal of farm C. Large numbersWESSV inclusions are evident in thébesuticular epithelium
(arrows). Significant postmortem tissue degradatids also evident40x magnification. Photo by I.

Anderson.




5. Discussion

5.1 WSSV vector testing results

The high prevalence (89.6%, or Idift of 125 crabs) of WSSV found by Biosecurity Queensland (2020)
in wild caught mangrove crab3Halamita crenatpas well as other crustacean species in the north
western parts of Moreton Bay (Deception Bay) in March 2020 suggested that WSSV may hane beco
established in populations of wild crustaceans in some parts of the White Spot Biosecurity Area in SE
QLD betwena Caloundra and the NSW border. The data collected in the present study reinforce that
conclusion. WSSV was found at low levels but in maiddo high sample prevalences in a broad range

of decapod taxa, and at high levels in some wild prawns (appareatlysing WSD and mortalities in
moribund banana prawnsPgnaeus merguiengiand school prawndMetapenaeus macleayiwhich

were sampled withgPCR Cts as low as 111800). It also appeared that WSSV was also being
sequestered and accumulated in sevemah-commercially important crab species (e.g. not onlyin
crenata but alsoMetapograspus frontaligpooled sample prevalence 33.3%, 6t32) and in 100% (n

= 3) of smooth handed crabBilumnopeus serratifropsampled from Beachmere and the LogareRi

with gPCR Cts between 23.53 and 25.34). These data suggest that WSSV has become embedded within
various lower trophic levels of aquatiood chains in both northern Moreton Bay (Deception Bay,
Beachmere, Caboolture River) as well as along the Logan. RThe results from this study confirm

that WSSV is likely to be persisting in the environment of SE QLD in populations of variouso$pecies
small noncommercial decapod crustaceans, while the detectiopaditiveWSS\est resultsin some
species omphipods suggest thaomenon-decapod invertebrate taxa in this region also may have
the potential to act as WSSV vectors. Given prevespgrience from overseas, these findings suggest
that WSSV has established within the White Spot Biosecariggin Moreton Bay, and is likely to
remain in this region for the foreseeable future. These results signal an urgent need for prawn farmers
in the region to further increase efarm biosecurity and learn how to farm in the presence of the virus,

so they can entinue to farm profitably whilst avoidingySD outbreaks anthe potential for WSSV
spillback into adjacent wild fisheries.

The WSSV redime PCR used at BB&s already been validated for use on samples from prawns and
crabs (Biosecurity QLD 2020), but not other taxathgopositive test results obtained in the present
study from zooplankton and jelly prawns (taxa not typically tested for WSSV by BSL) aranesekin

more detail by sequencing of amplicons. These sequencing data (not shown) confirmed that the
amplicons vere consistent withthe two WSSV strains detected previously in the Moreton Bay White
Spot BiosecuritArea with genetic analysis again camnfiing that the WSSV strains found in the Logan
River and northern Moreton Bay have relatively small genomes ftififer ¢lightly from each other as
found by Oakey et al. (2019) (lan Anderson, personal communication, 30 October 2020). In contrast,
sequening was not possible for the WSSV positive and suspect tests obtained from palaemonids or
amphipods, hence technitta the results from these taxa cannot be confirmed without further
analyses.

Diggles (2020) noted that some wild prawns sampled by BQ miamhern Moreton Bay since March

2017 had WSSV Ct values as low as 13.8, which was similar to the Ct valuesirecardebundP.
monodondying from WSD in ponds on the Logan River during the-201&/SD outbreak, and again

for moribundP. monodorsamplal from pond 3 on Farm A during the most recent WSD outbreak on
11-12 April 2020 (see Sectigh2, Figure 5). Thedew Ct values from some wild prawns strongly
suggested that the WSSV disease incursion was causing mortalities in some species of adearsist

in Moreton Bay (Diggles 2020). These suspicions were confirmed in the present study when it was
found that c 8.7% of wild school prawns and c. 27.3% of wild banana prawns sampled by cast net from
a distribution canal on Farr@ had recently died andhat the remaining live but moribund prawns
sampled and tested individually from the same populations exhibited%d (revalence of WSSV
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infection, often with very high WSSV loads (lowest Ct 11.06 and 12.00 for moribund school prawns and
banana prawns, rggectively, see Table 6Histopathology of the affected banana and school prawns
confirmed the presence of extens lesions typical of WSD in various tissues of ectodermal and
mesodermal origirffFigures 1116). The giltissuesof the deceasednud crab(Scylla serratasampled
from the intake of Farm @ith a WSSV Ct of 16.4lso0 exhibited large numbers of WSD isotuns
when they were examined by histopatholoffyigure 17)WSSYV inclusions or othksions typical of
WSDwere not observed by hisfrathologyin WSSV positiverustaceans with gPGRsabove20. From

the limited histopathology materials examined hereit appeared increasing numbers of WSSV
inclusions, suggestive dfinical diseasebecame evident in various tissuesly once Ctvalues were
below18-20, while deathdue to WSappeared to beccuringin infectedwild crustaceansvith q°PCR
Ctsin the1l-16 range

The Ct valuefound in wild prawns and crabs in farm intakes in the presgudywere similar to, if

not slightlylower (signalling an even higher WSSV viral load) than previously observed for wild prawns
and crabssampled by BQ from northern Meton Bay and in moribun&. monodordying from WSD

in ponds on the Logan River during the 2aTGand 20120 WSD outbreaks These data, together

with the histological evidenceonfirm that these wild school and banana prawns were indeed dying
from WSDandalso suggesthat wild mud crals may also experience WSD under certain conditions
While mortality of wild crustaceans due to WSD is rarely reported in the scientific literature (Bateman
and Stentiford 2017), as pointed out by Diggles (2020), thetliattWSSV is causing mortality oifdv
crustaceans in SE QLD is not necessarily unexpected, given that WSSV is a highly pathogenic exotic
disease agent that was introduced into a naive population of crustaceans which have no natural
resistance to this dease.

The results from the presendtudy therefore suggest that the lack of reportiig the scientific
literature of mortalities in naive wild penaeids during WSSV incursitmysbe due to a lack of detailed
surveillance combined with effective scavemgiof the carcasses of dead and nbomd wild prawns

by predatory fish (i.e. it is likely that mortalities due to WSSV in penaeid wildlife are usually cryptic
GairftSyd Y2NIl f A G A Stentford efiaf 3012SI5ekdNI0I2H Bdedd Hroonsdis of

wild crustaceans infected wit serious pathogens can be expected wherever fpahogen
associations are altered by exotic incursions or adverse environmental conditions (Shields 2019), as
has been previously reported for some other viral pathogehprawns (Couch and Courtney 1977).
Given that persistence of the carcasses of dead wild pramdscrabsvould occur for any significant
length of time only in water bodies where scavenging fish are excluded, only data from such water
bodies can be expésd to reveal the true impact of thincursion ofanexoticvirus. Indeed, scavenging
finfish appeared to be excluded from the water supply channels at Eqmihere drum filtration to a
nominal 50 um is used) due to their absence during cast net sampling, but this levélatibfilis
apparently insufficientd exclude eggs or nauplii of many species of decapod crustaceans (Mann et al.
2020), includind®’enaeusMetapenaeusAcetes Scylla Portunusand Thalamitg as demonstrated by

their presence in the water supply channelsFarmC. It therefore appears thaconditions in the
water supply channels of Far@during this study were ideal for revealing the detrimental impacts of
exotic WSSV incursions on naive wild populations of susceptible permaeidsher crustaceansSuch
effects can thus also be expected occur in isolated water bodies or smaller watercourses and
tributaries, if not larger river and bay fisheries where such disease impacts would become harder to
detect, given the normally high rates of natural motiakexerted on prawrand crabpopulations by
predatory fishes (Salini et al. 19%rewer et al. 1991).

The gPCR results from the plankton samples in the present study indicated an apparent absence of
WSSV in plankton samples from northern Moreton Bay, &stgnificant number of WSSV posgtiv
plankton samples were detected from areas in and around the prawn farms along the Logan River. The
single WSSV positive plankton sample from Farm A was obtained from a pond discharge channel which
hadreceived water fom a production pond that had expericed a WSD outbreak. The single WSSV
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positive plankton sample from Farm B came from a water intake canal, which is consistent with the
intake of WSSV positive vectors from the Logan River via the unfiltered, untngatedon that farm.

The fact that 0% of the plankton samples from Farm C were WSSV positive, including samples taken
from intake storage ponds, intake channels and settlement ponds, suggests that WSSV positive vectors
or free virus had been pumped on@arm C only in recent weeks, giveatno WSSV positive plankton
samples had been collected from Farm C during regular plankton surveillance undertaken in the
previous 2 years up until and including early March 2020 (Mann et al. 2020). The 100% WSSV
prevalence in the plankton testing regsilfrom Farm C in May 2020 suggests a significant amount of
WSSV entered the farm after early March 2020, however there is also a possibility of some cross
contamination between samples taken with the same plankton netnf different locations on the

farm without high dose chlorination between collections. Nevertheless, the fact that no WSSV positive
P. monodoror WSD outbreaks were recorded in their production ponds during 20 %lespite the
widespread presence of WS8bWsitive vectors in their intake @mnels, suggests that the decision by

staff at Farm C to immediately cease pumping water into their production ponds upon being informed
of the WSD diagnosis on the farms upriver around 12 April 2020 probably savedrdmam severe

WSD outbreak in theultured P. monodon

The other important ramification arising from the fact that WSSV has become embedded within
various lower trophic levels of aquatic food chains in certain areas of the White Spot BiosAceaity

in SE QLD, is thpersistence of the virus in populations of commercial bait prawns. Previous
surveillance by BQ has found WSSV in greasyback praetapenaeus bennettgetrawled from
various locations in Moreton Bay as well as the Logan River (BioseQuetgnsland 2020 The
present study has confirmed that WSSV is also present in school pr&vmsagleay) which is the

other of the two species dfletapenaeudargeted by the bait prawn fishery in Moreton Bay, as well
as banana prawnsP. merguiensisvhich are also impdant to the bait fishery (Hyland 1985).
Metapenaeus bennettatends to dominate the bait prawn catches from the Brisbane and Pine Rivers
(95 and 99.6% respectively), however around one third of the commercial bait prawn catch from the
LogarRiver igVl. macleayi while this species makes up around a quarter of the commercial catch from
the Caboolture River wittvl. bennettaeand P. merguiensisomprising the remainder of the catch
(Hyland 1985). Disruption of the bait prawn supply from Morefay due to th WSSV incursion
continues to affect recreational fisheries Australia@de, due to reduced availability and increased cost

of domestic bait prawns, which are now required to be either cooked, or gamma irradiated to a dose
of no less than 5kilogray (kGy)prior to being allowed out of the White Spot Biosecurityea
(Department of Agriculture 2024NVesche 2017). The increased costs of the treatment of these bait
prawns must be passed onto consumers, while the additional handling time andt@btior partial
thawing of frozen prawns during the prolonged irradiation treatment required to achieve the
mandated dose rate of 50 kGy is problematic for industry, as it has the potential to reduce their
freshness and quality (Wesche 20BK Digglegersonal obserations). Together, these changes to
the supply and increased cost of bait prawns from Moreton Bay due to the WSSV incursion has led to
a perverse economic incentive for recreational fishers throughout Australia to use more imported
uncookedprawns from suprmarkets as bait (Kantar Public 20T8ggles 2020), which represents a
further increase to the already high biosecurity risk of incursions of exotic diseases of crustaceans via
the bait and burley pathway (Biosecurity Australia 2008WE(2020). Furthemore, as long as the
White Spot Biosecuritirearemains in place, the ongoing economic impact on the commercial bait
prawn and baitworm fisheries in Moreton Bay will continue to accumulate over time, eventually
exceeding that experienced lige aquacultue industry. This is because aquaculturists can improve
biosecurity (given enough financial investment) to try to prevent the virus from entering their farm,
but commercial fishers cannot do this and thus face permanent biosecurity restsctdich will
affect their profitability and ability to sell their products into their usual markets (Diggles 2020).
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5.2 Risk factors relating to the efarm WSSV incursions in the 202820 growing season

Interviews with prawn farmers on the Logan Rir&realed the gjnificant rainfall events that occurred
between 6 and 14 February 2020 resulted in large drops in the temperature and salinity of intake
water. The water temperature in the lower reaches of the Logan River dropped from around 28 to 20
22°Cwhile salinityin the top meter or two of the water column dropped to 0 ppt for a short period of
time. It is known that reductions in water temperature are stressful for prawns and that reduced water
temperature is a risk factor for initiation of WSDpimpulations ofprawns exposed to WSSV (Corsin et

al. 2005). Furthermore, a low salinity river flow event causes a transient reduction in water quality, and
g2dzf R fta2 0SS SELSOGSR (2 LINRY2(S R26yaliNBIY Y2¢
such & estuarine shmp (P. serrife) which inhabit the middle and upper reaches of local estuaries
(Davie 1998). WSSV was highly prevalept igerrifetin the present study, with 67.2% pooled sample
prevalence for WSSV positive and suspect samples taken3rsibes on the Logan River, and 45.1%
mean pooled WSSV sample prevalence across all sampling sites throughout Moreton Bay. For these
reasons, it ixoncluded that intake of unfiltered, untreated water from the Logan River following the
6-14 February 202€ainfall event was an important risk factor likely to be responsible for precipitating

the outbreak of WSD detected in subsequent weekB.imonoda on Farm B.

Once harvesting of affected ponds on Farm B commenced in March 2020, it is likely that water
containing WSSV vectors and possibly also free WSSV was discharged into the Logan River. An increase
in WSSV load in the river may explain the sgsat emergence of WSD near the end of the harvest

on Farm A, around 2.7 km upriver, in early April 202&pite the treatment of the intake water on

Farm A using 50 um drum filters and ozonation. This is because the 50 um screens on some of the
drum fiters were observed to be damaged in mid/late March (Table 5), degrading their effectiveness
and allowing mee vector organisms through (Mann et al. 2020), but given the advanced stage of the
harvest and the fact that water requirements were relatively laivthe time pumping continued with

the damaged screens and, after March 2020, without ozonation. Obviontdie of water containing

WSSV vectors or free virus is a significant risk factor in the emergence of WSD (Corsin et al. 2001
Cullinan et al. 203), which would explain the emergence of WSD in pond 3 near the end of the harvest
at Farm A. As mentiongateviously, the decision by Farm C to immediately cease pumping water into
their production ponds upon being informed of the WSD diagnosis on tmasfaipriver around 12

April 2020 appears, in hindsight, to have saved Farm C from a severe WSD outbheaikdultured

P. monodongiven the large number of vector taxa that were subsequently found to be infected with
WSSV at high prevalence within theiater supply channels in early May 2020 (Table 6). Instead, the

P. monodonharvest at Farm C proceeded nually and the only detrimental outcomes recorded
appeared to be the mortalities of wild penaeids (school and banana praamgthe mud crab
observedin their water supply channels during the present study. The failure to detect WSSV in
plankton samples teen from the inlet canals of Farm C for the previous 2 years up until early March
2020 (Mann et al. 2020), confirms that the WSSV load in the Loyan évironment must have
increased markedly sometime between March and April 2020. It is notable tha W8D was
detected at Farms A and B, for all farms on the Logan River, treatment of all farm effluent water with
trichlorfon was a mandatory requireemt from BQ to kill all crustacean vectors, followed by a minimum

12 day postreatment water holding perid prior to release of the sanitised water into the river (S.
Wesche, personal communication). Furthermore, thorough pond sediment treatment, anyiramd
preparation followed by careful filling of the farms with properly treated intake water free ofWWSS
vectors appears necessary in order to reduce the risk of WSSV persisting in and around Farms A, B and
C during the start of the 202P1 growing seson and beyond.

One other risk factor worthy of mention geasonal effects due time of year. Pond water quality
records fom Farm C showed that in late summer and early autumn in SE QLD, rainfall events at this
time of year are accompanied by cooler weather (southeidyis) which results in substantial (6 to

8°C) drops in the morning water temperatures measured in prodogimnds (from 2&89°C to around
21-22°C). Given that these reductions in water temperaturesiressors that represerd significant
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risk factor for initiation of WSD disea@ populations of prawns exposed to WSSV (Corsin et al. 2005),
and acknowledging the fact that it appeassry difficult to completely exclude all WSSV and/or WSSV

infected vectors from intake water using existing economically feasible technology (Mahr2620),

it becomes clear that the risks of a WSD outbreak in prawn farms along the Logan River atzumul

over the course of each production cycle and are directly linked to watefroisethe Logan Riveand

the duration of the growout cycle.
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6. Gonclusionand implications

The results from the present study indicate that the enhanced biosecurity potscamployed by all

three prawn farmsvhich remainedperationalon the Logan River during the 2020 growing season

failed to completely exclude WSSV from their facilities. The presence of several taxa that are now
known to be WSSV vectors under Australian conditionsver tributaries and supply channels both

pre and postintake water treatment suggests that, in practice, it may be impossible to completely
exclude WSSV from these farms using existing affordable and logistically/practically suitable
technologies.

Therecipe for successfully farming prawns in SB Qlow that WSSV appears to be firmly embedded
within aquatic food chains in this region) therefanew appears to hinge around a combination of
being able to completely eliminate all potential sources argereoirs of the virus from intakes and
production ponds during dry out between production cycldsenstarting with zero virus in the culture
water and robust, domesticated, disease free Fliress due to water quality fluctuationsill need to

be minimsed throughout the entire growout period, keepjncumulative WSSV loads (and vector
populations) as low as possible during water exchangéh, the aim ofgetting thefarmed prawns
growing as fast as possible so they canhiaevested as soon as possipfgeferably beforewater
temperatures begin to deine from their summer peakwith particular attention paid following
periods of high rainfalvhen water temperature and saliyitmay change quickly

As far as commercial fisheries for wild crustaceans in the Logan River and Moreton Bay are concerned,
disruption of the bait prawr{and baitworm)suppliesfrom Moreton Bay dued the WSSV incursiaa

likely to affect these fsheries, andecreational fisheries Austrahaide, for the foreseeable future.

This igdue to reduced availability aror increased cost of domestic bait prawns, whichst beeither

cooked, or gamma irradted to a dose of no less than 50 kilogray (k@yor to being allowed out of

the White Spot Biosecuri#grea Treincreased cost of bait prawns from Moreton Bay due to the WSSV
incursion has led to a perverse economic incentive for recreational fishiergghout Australia to use

more imported uncookd prawns from supermarkets as haithich represents a further increase to

the already high biosecurity risk of incursions of exotic diseases of crustaceans via the bait and burley
pathway.As long as the Wke Spot BiosecuritArearemains in place, thengoing economic impact

on the commercial bait prawn and baitworm fisheries in Moreton Bay will continue to accumulate over
time, potentiallyexceeding that experienced by tipeawn farmingindustry.
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8. Recomnendations

To further improve prawn farnbiosecurity to reduce risk of WSD outbreaks on the Logan River and

potential spillback into wild fisheries, some additional considerations are as follows:

w Intake of untreated (raw) water from the Logan River intayn ponds is now an extremely

highrisk activity that should no longer be undertaken under any circumstances, but especially after

rain events which reduce water temperature and salinity.

w Intake water for farms and ponds should be extracted from mowingi SNJ 6 2 RA S &
mainsapprd6 OKé¢ 0> IyR y20 6S GIF1Sy FNRY (KS &aRSI
appear to concentrate WSSV vector organisms (Diggles 2017, present study).

pull w

w The risk of WSSV incursion into prawn ponds willdoieiced the more stringent treatmeraf

Pyl
oG

6
Sy

intake water becomes. Filtration of intake water to a nominal 50 um will exclude many vectors and will
thus reduce WSSV risk compared to unfiltered water (and hence delay the onset of disease), but will

not prevent irgress of free virus or the planktaniarval stages of some WSSV vectors (Esfhaalaet

al. 2009, Mann et al. 2020, present study). Nevertheless, filtration of all intake water to the lowest

nominal particle size possible for the required flow rateeésammended, as is ozonation to prdei
additional assurance for more effective vector removal (Mann et al. 2020).

W Compartmentakation of water distribution canals may be useful to allow for secondary
filtration with smaller nominal sized mesh (20 umless) at lower flow rates in certaparts of each
farm prior to entry of water into production ponds, and/or to allow regular drying out of parts of the
water distribution system for vector control.

(@) Ponds and water supply channels need to be thoroughigd and treated to remove all
potential WSSV vectors between each growing season

w Ponds should bélled with WSSV free water and stocked with pathogen free PL as early as
possible in the season, so that WSSV loads start at zero and remain as low as possible gpagss lon

possible during growout (Corsét al. 2003).

1 Consider introducing cultured finfish into water distribution canals to keep populations of

potential vectors in check anguicklyremove any crustacean carcasses which may transmit WSSV.

Alternatively, water ditribution canals could be draineda dried one or more times each growing
season to prevent accumulation/propagation of WSSV vectors over the course of the growout perio

w Regular testing of stock for WSSV throughout the growing season and/or pridrato
harvesting ponds

1 Routine treatment of effluent water prior to its dischargerecommended.

d.

w Rapid removal/harvest of any WSSV positive ponds, cooking of this product followed by

treatment of all water from affected ponds and raceways prioitsorelease into the environment,
noting that such an approach is already a mandatory requirement enforced by BQ.

w The proposed risk mitigation methods suggested in the current draft prampoidt Risk
Analysis (IRAPAWE 2020) represent little change compared to those thatarrently implemented

at the intemational border following the failed 2009 IRA (Biosecurity Australia 2009). The proposed

risk mitigation methods detailed in DAWE (2020) thasA y O2y aAad Sy d o6AGK
Appropriate Level of Protection (OB, and therefore do not meet Qaenslands ALOP (which has been
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demorstrated to be a requirement for either cooking or gamma irradiation of prawns originating from
regions where WSSV is endemic). The proposed risk mitigation measures for the international border
thus cannotbe reliedupé G2 LINR G SO0 | dzaghihst notlohlyESS\S WuPalsdl@héry Sy i
known emerging diseases (e.g. decapod iridescent virus (DIV1)), as well as future (currently unknown)
emerging diseases to a level of risk that meets the domestic ALOP. For #assms, a highly
precautionary apprach to onfarm biosecurity is recommended on prawn farms not only along the
Logan River, but elsewhere throughout Australia.
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9. Extension and Adoption

This report has been made available to the FRDC, QSIA, the AP&lRaaaliprawn farmers operating

along the Logan River. It has also been made available to the Government of Queensland (through
Biosecurity Queensland) and the Australian Federal Government (through the Department of
Agriculture and Water Resourcdsj their consideration and for inclien in submissions to the revised

draft prawn IRA (DAWE 2020)

It is also planned that the results from this study will eventually be included with other surveillance
data compiled by Biosecurity Queensland and develdp&mla scientific paper whictvill be drafted
and then submitted to a peer reviewed journal in the not too distant future.
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Appendi 1. Vector host identification photos

1. Jelly prawn Acetes sibgae australi} (live) scale bar = 1 mm.

as

3. Rock pool srimp (Palaemon serenmilive) scale bar = 1 mm.
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6. School prathtapenaeus macledyiive) and fixed (inset), scale bar = 10 mm.
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7. Banana pran (PenaeugFenneropenaelsnerguiensis(dead)scale bar = 10 mm.
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9. Redfingered marsh cratParasesarma erythodactylglive) scale bar = 1 mm.
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12. Mangrove crabNletapograspus frontal)qlive) scale bar = 1 mm.
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13. Smooth handed cralPi{umnopeus serratifronglive) scale bar = 1 m.

15. Blue swimmer crabFiortunus armatus(live) scale bar = 10 mm.
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18. Water striderl{imnogonus windi(live) scale bar = 1 mm.
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Appendk 2 Weather data for Gold Coast and Beaudesert for Jgor 2020

Gold Coast Seaway January 2020
Gold Coast, Queensland

January 2020 Daily Weather Observations Australian Government

Observations from the Gold Coast Seaway, at the northemn end of Southpert Sgit Bureau of Meteorology
Temps j Max wind gust Yam Ipm
Date | Day | Win | Max | "on | Evap | Sun —mo = g0d [ Time | Temp | RH | Cid | Dim | Spd | MSLP | Temp | RH | Cid | Dim | Spd | MSLP
I i [ m hours ik ocal i+ T eighins Temih nFa i+ T eighths /b hFa
1 We| 226 284 o] NNE 33 1424 284 69 NMNE 17 1016.1 28.5 59 MME 26) 10144
2 Th 21.0| 29.8 o] NE 30 1132 28.2 &0 NMNE 19 10173 28.7 T4 MNE 24 10154
3 Frl 208 288 o EMNE 28| 1320 27 5 78 SE S 10177 27 5 75 EME 24 10148
4 Sa 21.0| 296 o NMNE 39 1315 282 75 NME 17 10169 28.3 T4 MME 33| 10135
5 Su 211 303 o] NMNE 39 1320 26 4 75 NW 24 10163 278 TE NME 31 10135
[ Mo 20.3| 293 i] NE 26| 1418 258 a5 SE 11 10182 273 B2 NE 22| 10148
7 Tu 2202 29.0 o] SE 31| 0713 23.8 100 EME 200 1016.9 27.7) B6 MNE 15 10138
g We| 21.0| 30.2 o] NNE 31| 1338 269 &8 NE 13 1016.4 281 9 MME 28| 10128
9 Th 20.9| 29.8 o] NNE 31 143 27.2 iz NE 13 10158 29.1 T MMNE 28| 10137
10 Frl 223 o 29 4 B84 NME 17 10159 292 59 NE 28| 10131
11 Sa 243 30.7 NNE 39 1129 29.1 24 M 24 10111 26.6) T2 MME 30| 10078
12 Su 21.0| 258 2386 S 61| D&39 21.3 B8 5 37| 10129 237 70 5 37 10$122
13 Mo 20.9] 273 26 S5E 52| 1445 241 65 S5E 37| 10155 26.0 B3 S5E 39 10138
14 Tu 22.0 259 o SE 50| 1417 249 69 S5E 31| 10147 272 86 SE 35 10123
15 We| 22.0 26.9 432 S5E 33 D149 26.8 T2 E 15 10133 28.0 66 EME 200 10108
16 Th 23.9 292 o] ENE 33 180 27.3) 67 EME 15 10101 26.1 71 MNE 200 10071
17 Frl 234 296 12 E 48| 2228 278 68 NE 24 1006.4 27 1 B5 EME 28| 10047
18 Sa 206 27.5) 254, NNE 24| D222 216 91 S 19 10051 25.2 81 S5E 15 1003.5
19 Su 21.5| 292 D8 N 48| 2349 271 76 NE 5| 10058 277 75 NE 28] 10041
20 Mo 23.3 30.8 60.6 NMNE 65| D308 289 72 M 28( 1008.2 25.8 B0 M 31| 10051
21 Tu 23.0 30 12 N 41| 1720 289 63 M 19  1009.8 27.5 T4 M 28| 1006.4
22 We| 22.3 296 D2 NNE 35| 1437 25.3 T4 NE 15 10124 28.7 T2 MMNE 30| 1009.2
23 Th 23.3 301 o] NNE 39| 1724 25.3 g2 M 17 10133 28.0 T3 MMNE 300 10099
24 Frl 232 299 o NMNE 35 1209 298 68 N 24 10128 270 T4 N 24| 10092
25 Sa 22.7 26.5 o] NNE 30| D918 26.8 T4 NMNE 22 1013.0 25.6) T MME 17 10125
26 Su 20.8| 287 o] NE 26| D553 259 Fil Calm| 10151 269 B8 EME 17 10132
27 Mo 221 204 o] ENE 28| 19:20 281 71 ESE 7 10149 27.3) B8 EME 17 1013.2
28 Tu 22.7 291 248 NE 31| 0330 253 85 5 11 10151 26.4 77 E 15 1013.2
29 We| 23.0 322 1.0 NNE 33 137 289 61 NW 19 10139 296 66 MMNE 28| 10125
30 Th 23.1 30.9 o] E 19| 1529 27 6 TG SE 11  1016.6 289 67 EME 15 10149
3" Frl 2286 204 o EMNE 26| 20:00 277 73 S5E 11 10187 289 B4 E 19 10166
Statistics for January 2020
Mean 221 294 26 .8 75 17 10137 27 5 72 25 10113
Lowest 20.3| 258 21.3) 4 Calm| 10051 237 59 # 15 1003.5
Highest 243 322 2548 NNE B5 298 100 # 37 10187 296 BE SE 359 10166
Total 3750
Cibservabons were drawn from Gold Coast y [station DEFOEH] ID@DW@%LGU#MHE:D&;J' UTC on 9 0cE 3
;Zeﬁddemmnesmhmnamﬂmsmmmﬂs.atMEnwmemoSﬂ.t'pnnSpnIynua'e nterested in the southemn end of the Godd Coast, see mtﬂaspmdudae ta have read the information and

zcce:}:bed the conditions described in the notes at
s _bromn. gow. aw'c limarteddiveod] DCI DAWO000_pdf
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Gold Coast Seaway February 2020

Gold Coast, Queensland
February 2020 Daily Weather Observations

Cibservations from the Gold Coast Seaway, at the northem end of Southport Spit.

Temps Rain | Evap | Sun Max wind gust Y9am
Date Day Min Max Dirn Spd | Time | Temp RH cid Dirm Spd MSLP | Temp RH Cid Dirn Spd MSLP
C Y mm mim hours ki Tocal C T eighiis km'h hFa i i) esghths km'h hFa
1 Sa 229 30.2 0 NNE 33| 1707 28.0 63 S5E 2 10184 298 G0 ME 28| 10148
2 Su 230 31.9 0 NME 431 14:18) 288 53 MW 18 10136 301 59 MME 33| 1009.5
3 Mo 245 334 0 S 54| 2303 296 57 MW 24| 1009.0 27.5 63 M 30( 1004.8
4 Tu 219 25.0 10.8 S B1| 0942 241 I =1 45 10143 221 BE =1 411 10155
5 We 204 244 0& SE| 52| 16:05 28 74 SSE arF| 10$17.9 241 71 SSE 33| 10158
6 Th 209 237 276 S 41| 0215 214 a0 =1 17 1016.2 224 B9 =1 17| 1013.9
7 Frl 21.1 26.8) 1050 NE| 41 01:12 26 91 =1 11| 10151 26.0 77 SE 221 10127
B Sa 225 26.9) 204 WNW 44| 2308 241 91 SE 7| 10124 238 B3 SSE 20| 1008.3
9 Su 221 268 1036 NNE 351 11:52 245 88 =1 7| 1007.5 247 85 S5E 19 1005.6
10 Mo 215 285 236 M 37| 01:22 259 79 M 11| 10101 28.2 73 EME 13| 1007.5
11 Tu 224 28.3) T4 NNE 41| 20:52) 256 a1 SE 8| 1009.5 26.1 &4 ESE 13| 1006.3
12 We 233 235 302 E 43| 1550 234 91 S5W 7| 1007.4 249 G6 3 11| 10035.8
13 Th 220 268 1778 SE| 39 1324 28 92 =1 17| 1005.6 248 85 =1 11| 1003.3
14 Fri 21.7 28.8) 50.0 SE| 39| 1235 26.8 73 ESE 11| 1006.0 27.0 67 SE 30( 1003.5
15 Sa 232 305 0 NNE 33| 14033 252 T MW 13| 1007.7 295 69 MME 28| 100354
16 Su 234 30.3 0 ESE 30| 16:57 279 75 SE 13 10115 298 70 ESE 20| 10108
17 Mo 254 30.8) 0 ESE 28| 19:49 27 65 S5E 15[ 1013.7 294 G4 ESE 19 1012.0
18 Tu 230 30.3 0 E 28| 1342 285 68 Calm| 10121 292 GE EME 22| 1009.0
19 We 253 331 0 NME 41 14:38) 290 65 MWW 20| 1007.8 304 GE MME 35| 1003.5
20 Th 248 31.0) 0 SSE 391 0601 292 61 SSE 24| 1008.2 29.8 55 SE 28| 1007.3
1 Frlf 225 29.6) 0 ESE 35| 1725 262 70 SE 15[ 1015.0 28.2 57 ESE 26| 1013.3
s Sa 240 28.1 04 SSE 52| 20:02 28.1 62 SE 30( 1019.9 26.3 G0 SSE 35| 1019.0
23 Su 207 255 T4 ESE 57| 02:34 28 85 SE 38( 1021.0 247 B6 S5E 31| 10184
24 Mo 214 26.1 202 ESE 41| 16:08) 23 90 =1 11| 1018.8 238 86 S5E 17| 10159
25 Tu 211 28.5) 10.5 S5E 43| 0543 2533 76 =1 35( 10161 26.3 74 ESE 26| 1013.2
26 We 213 293 220 NNE M| 1559 269 T S5E 11| 1011.7 254 71 ME 18 1007.7
27 Th 232 29.4 0 SE| 44|  11:43 26.8 9 MME 17| 1003.2 251 &4 E 30| 1007.2
2B Frf 212 293 36 SE| 37| 20:04 262 72 ESE 6| 1008.5 27.3 71 SE 17| 1007.3
29 Sa 236 299 0 SE| 39| 1634 7o 67 SSW 17 1014.3 274 G4 SE 28| 10121
Statistics for February 2020
Mean 226 28.6) 259 75 168 1012.3 26.8 72 24| 10100
Lowest)] 204 23.7] 21.4 53 Calm| 1005.6 221 52 5 11 1003.3
Highest] 254 334 1778 S 61 27 92 =1 45 1021. 304 B9 =1 41 1019.0
Total B30.6

Cibsenvations were drawn from Gold Coast Seaway {station D407E4)
\-%;E_Iism Automatic Weather Station (AWS) at the northem end of Southport Spit. |f you are interested in the: southem end of the Gold Cioast, see
gatta.

The (Gold Coast Sea
the observations from
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Gold Coast Seaway March 2020
Gold Coast, Queensland
March 2020 Daily Weather Observations e

Cibservations from the Gold Coast Seaway. at the northem end of Southport Spit.

wr

°. Australian Government
H I * Burean of Meteorology

Temps } Max wind gust 9am Ipm
Date | Day [ Min | Wax | Fan | Evap | Sun oo d | Time | Temp | RH | Cid | Dim | Spd | MSLP | Temp | RH | Cid | Dim | Spd | WMSLP
C ¥ mim mm hours km'h ocal i T eighins mh hFa Y T eighths mh hFa
1 Su 21.4 29.8 0 S5 30| D&:13 28.0 62 5 24 10150 28.7 G4 ESE 24| 10125
2 Mo 21.9 g I 0 M 35| 1828 272 63 MWW 9 1014.0 30.7 61 MME 28| 10109
3 Tu 225 308 0 S 50| 2048 288 T2 N 11| 10151 294 654 ESE 22 10135
4 We 25.5 292 0 SE 52| 0144 271 69 SE 35| 1016.0 279 65 ESE 22 10130
5 Th 24 6 30 04 EME 37| 0003 273 69 ME 24 10133 299 53 MME 24 10101
B Frl 2489 3B 0 N 35| 1727 274 71 MWW 11 10115 30.0 59 MME 26| 10078
7 Sa 245 35 0 S B9 1543 288 65 S5E 33 10130 28.0 64 S5E 46 10125
8 Su 225 29.0 0 S5E 61| 01:29 26.0 58 S 39| 10164 27.0 59 S5E 39 10142
9 Mo 20.8 230 50 SE B3| 1801 2.7 ad S5E 33| 1015.8 21.4 &9 SE 43( 10140
10 Tu 18.8 242 524 S5E B3| 0141 2.7 82 S5W 20 10164 21.7 B8 SE 2l 10144
11 We 19.7 272 14.0 S 61| 17:15 236 68 S 35 10185 25.3 56 SSE 46| 10178
12 Th 19.0 245 1.8 S5E B9 1258 232 69 S 37| 10198 221 B4 SE 48( 1018.0
13 Fr] 18.9 26.1 28.8 SE 56| 1524 24.4 65 5 30| 10168 245 63 S5E 41 10132
14 Sa 20.0 252 02 S5E 59 1337 25.0 55 L 43 1011.0 248 65 SE 44 1008.8
15 Su 19.7 279 0 5 78| 1804 235 62 5 33 10125 25.8 57 5 46 1011.2
16 Mo 19.4 275 20 S5E 76| 1745 2386 51 s 39 1017.8 247 57 SS5E 5| 10176
17 Tu 18.9 271 06 S5E 74| 05T 239 59 5 41 10225 252 56 S5E 48 10208
18 We 19.6 278 0 s 52| 0908 246 50 5 31| 10248 254 60 SE 41 10220
19 Th 17.9 276 0 S5E 28| D&:28 258 51 5 19( 10240 26.3 57 ESE 19 10209
20 Fr] 18.1 287 0 NME 35| 14:59 255 56 MWW 13 1021.2 28.0 o7 MME M| 10172
21 Sa 20.6 33 0 SE 50| 1544 26.1 &0 MW 17 10174 28.0 67 SE 35 1018.2
22 Su 21.3 289 0 M 30 1732 273 62 S5E 9 10199 276 68 ME 17 10160
23 Mo 21.3 28.2 i} S5 55| 1632 26.7 66 5 39 10198 26.8 3] SE 3r 10190
24 Tu 20.4 57 58 SE 52| 1232 229 75 S5E 31| 10225 226 75 SW 11 1020.3
25 We 19.6 26.6 5.8 SE 31| 0001 242 71 S5E 9 10214 25.8 55 E 15[ 10184
26 Th 19.2 264 0 S 52| 2252 262 59 S5E 15 10202 26.3 55 ESE 23 10187
27 Fr] 19.8 258 0 S 81| 1545 2232 T3 S 28 1021.7 224 T8 S 30( 10200
28 Sa 20.2 T 06 ESE 48| 1608 258 63 S5E 28| 10204 26.0 61 SE 19 10178
29 Su 19.7 276 42 S5E 35 0912 252 70 S5E 26| 10198 254 70 ESE 19( 1016.8
30 Mo 19.4 278 [i] NME 31| 1500 252 (3] ESE 7| 10171 27.1 63 MME 26 10141
K| Tu 21.2 29.8 0 SE 37 1812 24.3 70 MWW 20 10157 26.5 66 SE 28| 10138
Statistics for March 2020
Mean 20.7 28.2 25.3 65 25( 1017.8 262 64 30( 10155
Lowest 17.9 230 21.7 50 ESE 7| 1011.0 21.4 53 SE 2| 1007.8
Highest 255 B 524 s 78 28.8 a0 SSE 43 10248 30.7 89 # 48( 10220
Total 1216

Cibservabons were drawm from Gold Coast y [station THOTGE} Iwn%?%%uchas:dg- UTC on 7 Oct

R}Eeﬁddcmm%netsmmmMSWMMWS at the northem end of Southport Spit. If you are interested in the southem end of the Gold Cioast, see Usecscm}gufaisprodmtxe tr have read the information and

JDCEJ:IIJDCI the conditions described in the notes at
ararw bom. gov. aw'climateldwod | DC DAW00M_pdi

48



Gold Coast Seaway April 2020
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