Investigating and managing thePerkinsusrelated mortality of
blacklip abalone in NSW

G. W. Liggins and J. Upston

Industry & Investment NSW
Cronulla Fisheries Research Centre of Excellence
PO Box 21, Cronulla, NSW, 2230
Australia

9. =
=

FRDC Project No. 2004/084

June 2010

Industry & Investment NSW —
Fisheries Final Report Series
No. 120
ISSN 18372112

(-—— —-—) I n d u St ry & Australian overnment
Fisheries Research and

GNOV%W I nvest m e n t Development Corporation



Investigating and managing tRerkinsusrelated mortality of blacklip abalone in NSW

June 2010

Authors: Liggins G.W. and Upston J.

Published By: Industry & Investment NSW (now incorporating NSW Depeatt of Primary Industries)
Postal Address: Cronulla Fisheries Research Centre of Excellen@eBBx 21, Cronulla, NSW, 2230
Internet: www.industry.nsw.gov.au

© Department of Industry and Investment (Industry 8vdstment NSW) and the Fisheries Research &
Development Corporation

This work is copyright. Except as permitted undeg opyright Act, no part of this reproduction may be
reproduced by any process, electronic or otherwisthout the specific written permission of the copiti
owners. Neither may information be stored electrdlyidga any form whatsoever without such permission.

DISCLAIMER

The publishers do not warrant that the informatiothis report is free from errors or omissions. Pphblishers do
not accept any form of liability, be it contractuédrtuous or otherwise, for the contents of thisore for any
consequences arising from its use or any reliateeed on it. The information, opinions and advioatained in
this report may not relate to, or be relevant teeader’s particular circumstance.

ISSN 1837-2112

Note: Prior to July 2004, this report series wadfished by NSW Fisheries as the ‘NSW Fisheries|Raegort
Series’ with ISSN number 1440-3544. Then, followlegformation of the NSW Department of Primary Indastri
the report series was published as the ‘NSW DepattmieRrimary Industries — Fisheries Final Report {&sr
with ISSN number 1449-9967. The report series is palished by Industry & Investment NSW as theustiy
& Investment NSW — Fisheries Final Report Seriefi W8SN number 1837-2112.



Contents i

TABLE OF CONTENTS

BACKGROUND AND NEED.........cciiiiiiiaitiiie ettt e sibe e e asbee s snbbeeasaseasaabeeeasneeaessnneens 14
OBUJIECTIVES ...ttt ettt ottt ekttt e ookt e e ok bt e e e ab et e 2 mbe e e ek be e e e eabe e e ambbeeeanbaaeesnbaeaaas 16
3. REPORTED MORTALITY EVENTS AND DECLINES IN ABUNDANCE OF ABALONE IN
[N IS RO RPPPUPRTUPR 19
3.1, INTRODUCTION. .. oottt ittt mm ettt e ekt et e e e sk e e e smne e e s s e e e s re e e e snneesnnrneeenes 19
I Y | = I o [0 ] B S PP PR PP 22
3.2.1. Diver interviews (observations of morbidity/mortalevents, sudden declines in abundance,
historical changes in abUNAANCE)............ et 22
3.2.2. Fishery-dependent catch, effort and CPUE ........ooooiiiiiiiiiiii e 24
3.2.3. Fishery-independent surveys of abundance ..., 24
3.2.4. Comparisons among alternative indices of abundammemodel-based estimates of biomass. 24
e TR ] =] U 1 I I8 S PP PP PPRR PRSI 25
3.3.1. Diver interviews — morbidity/mortality events andlden declines in abundance..................... 25
3.3.2. Fishery-dependent catch, effort and CPUE ........oooovviiiiiiiii e e e e 29
3.3.3. Fishery-independent surveys of abunNdanCe .....cccccceeveeeiiiii i 33
3.3.4. Historical trends in abundance from interviews falS. .............cocevrieeeiniine e reeeeeee 37
3.3.5. Comparison among alternative indices of abundammtrmodel-based estimates of biomass.. 40
3.2, DISCUSSION ..ottt ettt ettt e et £+ttt e+ 4kt a2 e st et e £ 4abe a2 4k bt e e e abb e a2 ambe e e embee e e ambe e e s anbeeeanbeaeaanneaeas 42
3.4.1. Identification of Mortality EVENTS..........coiiii e 42
3.4.2. Reliability of indices of @abUNAANCE .........ooo e 43
3.4.3. Depletion of stocks prior to observed mortality Be..............oooeiiiiiiiiiiiiiiieeeeeeee e 43
3.4.4. Depletion of stocks since observed mortality eVents.............iiiiiiieeee 44
3.5. CONCLUSIONS ...ttt a e et e e s e e e et e e s e e st et e anne e e s nnree s 45
IDENTIFICATION AND GEOGRAPHIC DISTRIBUTION OF THE P ARASITE
PERKINSUS IN ABALONE IN NSW ...ttt 46
4. 1. INTRODUCGTION ... ittt ittt ettt ettt ottt ettt e e bt e e e bt e e e s be e e e ek be e e e saseeeabbe e e e aabeeeanbbeeeanbaeaesneeans 46
4.1.1. Species and life NISTOIY .......... e a e 46
4.1.2. Perkinsus in NSW and hiStory Of SUINVEYS ... eeeeeiiiiiiiiiaae ettt 48
o G T B I - To | [0 1S3 1 o3l (=2 £ PP PUURRURURRR 51
o 0 S = 1 1 10T ] (o |V PP PUUPRUPURRRR 51
4.1.5. 2005 SUIVEY Of PEIKINSUS......uteeieiiiiiiit ettt e e e e e e e e e e et eeeeeaaaaaaaeens 52
4.2, METHODS ... oottt sttt s et e et et e ekt e e amr e e e s bt e e s n e e e n e e e nre e e e e e 52
4.2.1. Survey of the spatial distribution, prevalence ameénsity of Perkinsus infections in abalone on
tNE NSW COBST. ...ttt cmrrr ettt s e e e s e s e e e nnne e 52
4.2.2. AUXIIIBIY SUIVEYS .. .uieiiiiiiiiiieeeeeet e s rassemteetaaaaeaeaeassessassa s sasseeebaeaeseeeaeaaaeseesassasaasnnsnsrsnsnnnneees 57
4.2.3. Grading infection intensity in preserved samplegithftissue from the 2002 survey ................ 58
e T T U I S S P UPEOUPRPUPRRPI 59
4.3.1. Comparative sensitivity of Ray’s, histology and RERS .............cccvvriiiiiiiiiie e 59
4.3.2. Geographic range of Perkinsus sp. in 2005 and cowaiion of P. olseni...............ccccceeiel 61
4.3.3. Spatial patterns of Perkinsus infection among lmoet and Sites .............ooooiiiiiiiiiiiieeeeeen. 62
4.3.4. Patterns of Perkinsus infection at a smaller sdatiale — pilot survey at Beecroft Head......... 69
4.3.5. Intensity of PerkinSus iNfECLIONS ...........iiiiiii e 69
4.3.6. Within-season variation in prevalence of PerkinBdiections..............ccocvviveeiiiiiiivieeccee 70
I 1 15T @ 0 151 [ ] ST 73
4.4.1. Performance of diagnostic MEthOdS ..........uuiiiieeiiiieeeii e e 73
4.4.2. Identification of Perkinsus sp., P. olseni and Pesks sp.-variant ITS and the geographic range
oY 01 1=Td 1o o I OO PTPR 74
4.4.3. Spatial and temporal variations in prevalence anténsity of infections...............cccvvvvcene 75
A.5. CONCLUSIONS ...ttt et et e e st et e e s bt e e e ek b et e e bb e e e sbe e e enbb e e e aabb e e e abbeeeeanbeaessabeaas 77
PATHOGENESIS OF PERKINSUS SPIN ABALONE IN NSW .....ccoiiiiiiiiiieeeiie e 78

Perkinsus-related mortality of blacklip abaloneggiins G.W & Upston J. Project No. 2004/084



ii Contents

5.1, INTRODUGCTION ..ottt ettt ettt e e e ettt e e e et te e e s ettt e e e e s anneeeeeas 78

L |V 1 I [ T 1 TSP ERR 81
LN B o 1151 (o ] (oo | PP PPPPP 81
5.2.2. Effect of Perkinsus sp. infection on conditionloélane...................ooooii s 82

LIRS T = { S U I S PP RRTR 82
5.3.1. Distribution of Perkinsus sp. and P. 0lSENi iN GGa...........c.cvvviiiiiiiiiieiieeeee e veeeeeeees 82
5.3.2. Evidence of organ destruction and impairmMent ................eevieiiiiiieeeeeeee e 83
5.3.3. HOSt reSpoNSe 10 iNFECHON.........cci i ceceeemr e e e e e e e e e e e e e e e s e e e snnnnes 85
5.3.4. Effect of Perkinsus sp. infection on conditionlpflane......................cccooiiinie s s e 86

5.4.
5.5.

6.1.

6.2.

6.3.

5.3.5. Presence of other pathogens and organisms ...
DISCUSSION ...ttt ittt eetee ettt e+ 41t e e ettt e e st e e e e ta e e e eabaeeessbeeaanseeessseeesasbaeesnsaeeesasaeesaareeeans

CONCLUSIONS ...ttt sttt e et s ket e et e e smne e e et e e sane e e s an e e e snne e e s nnnee e
THE EPIZOOTIOLOGY OF PERKINSOSIS AND MASS MORTALITY OF BLACKLIP
ABALONE IN NSW .ttt ettt et e e s amn e e e s nnne e e nnne e e e 91
INTRODUGCTION ...ttt ittt ettt ettt ot ettt e ettt e e e kbt e e s st et e e aabe e e e smbe e e aabe e e s abbeeeanbeeeeanbeeaesnbneeans 91
6.1.1. Epizootiology of Perkinsus spp. in MOIUSC hOSES........uuiiiiiiiiiiiiiiiieeee e 91

6.1.2. Epizootiology of P. olseni and Perkinsus sp. inlosal hosts in Australia...................... 93
6.1.3. Hypotheses regarding the epizootiology of perkiissasd Perkinsus-related mortality of

blacklip @balone IN NSWV ... ...t e e e e e e e e e e e aaaaeeaens 94
= I 1O ]9 PP 97
6.2.1. Effect of abalone gender on prevalence and intgrgiPerkinsus sp. infections................. a7.
6.2.2. Effect of abalone size on prevalence and intediBerkinsus sp. infections..................cc.. 97
6.2.3. Survey to monitor abalone abundance and mortalifaeent to the southern “front” of

Perkinsus sp. infections at SOUth JEIVIS BAY e «rrrrrrrrrririeiieiiiaeeeeeesiiisiissscsssseeeeeeeeeseees 97
6.2.4. Survey to identify alternative mollusc hosts fOrRESUS SP. .......ccoccvvviiiiiiiiiieee e ccmmmeens 98
6.2.5. Potential for transmission of Perkinsus sp. by #lanation of abalone during fishing and

TEIALEA ACHIVILIES ..ottt e e s st e e e e e st e e e e s anbbeeeeeeans 98
6.2.6. Potential for transmission of Perkinsus sp. throaigimslocation of abalone during reseeding

and enhancement EXPEIIMENTS .........ciii it it e e e e e e e e e e e e e e e e e ennnnes 99
6.2.7. Environmental factors identified by divers that associated with mortality events and

changes in abundance of abalone............co oo eiee i 99

6.2.8. Associations between water temperature, observethlity events and infection intensity....100
6.2.9. Availability of data about water quality and thetpntial to examine associations between water

quality and observed mortality VENLS.......comeeeeeeiiei e e e e e 101
RESULTS .ottt ettt £+ 4kt + 42ttt £ 442t £ e 4ok ket 4442k e e a4 eRe e a2 eRbe e a4k be e e e bbe e e e abbeeeanbaeaeenneeas 102
6.3.1. Effect of abalone gender on prevalence and intgrgiPerkinsus sp. infections................. 021
6.3.2. Effect of abalone size on prevalence and interdiBerkinsus sp. infections.................... 103
6.3.3. Survey to monitor abalone abundance and mortalifaeent to the southern “front” of

Perkinsus sp. infections at SOUth JEIVIS BAY . «vveeeeeeiiiiiiaiiaaiieiiie et 104
6.3.4. ldentification of alternative mollusc hosts for REISUS SP. .......cooooiiiiiiiiiiiiiiiiiiieieeeeeeee e, 104
6.3.5. Potential for transmission of Perkinsus sp. throtiginslocation of abalone during fishing

(o] o= = 11T ] o 1< PP PPPPRRTRTT 104

6.3.6. Potential for transmission of Perkinsus sp. duniageeding and enhancement experiments... 106
6.3.7. Environmental factors identified by divers that ev@ssociated with mortality events and
changes in abundance of abalone............co oo 108
6.3.8. Associations between water temperature, observethlitp events and infection intensity....110
6.3.9. Availability of data about water quality and thetpntial to examine associations between water

quality and observed mortality EVENLS. ... 116
B.4. DISCUSSION ....cttiiiiie ittt et e+ 4ttt e e e ettt e e s 4 s bbbttt e e aanbe e e e e e ann b bbe e e e s s annbbeeeeeeannnbees 120
6.4.1. Evaluation of hypotheses regarding alternative esusf observed mass mortalities of abalone
o To o T=T (T 0 ] 120
6.4.2. Hypotheses about the historical distribution andesygl of Perkinsus sp. on the NSW coast...124
6.4.3. MechanisSms Of traNSMISSION .........c.uuiiiiieieeeee it 127
B.5. CONCLUSIONS ... . tiiiitie sttt ettt e e e sttt e e s st e et e e s et te e e e e e e sassbseeeaeassaaeeeeesansssbeeaeesansntaeeens 130
7. FURTHER DEVELOPMENT — MANAGEMENT AND RESEARCH OPTIO NS.....ccccccceevnnee. 132

Project No. 2004/084 Perkinsus-related mortalityotafcklip abalone, Liggins G.W. & Upston J.



Contents iii

7.1, INTRODUCTION. ... cttitiiii ittt ettt mme e e e e sttt et e e e sttt e e e e s anb b et e e e e saabeeeeeesabbbeeeeeessnbbeeeeaesans 132
7.2. IMMEDIATE MANAGEMENT — RISKS AND OPTIONS ......cccct tiiiiiiiiee st 132
7.2.1. Limiting the risk of transmitting Perkinsus sp.utoaffected populations of abalone............... 132
7.2.2. Harvesting populations of abalone depleted by B SP. ....eeeeeeeeiiiiiiiiiiiieeeee, 134
7.3. RESEARCH AND MONITORING — HIGH PRIORITIES.......... ¢eeeiiieiiiiiiieeee i 351
7.3.1. Monitoring the geographic distribution of PErkinSEf®. .........ccvvveviirieeeeeeiiieiiieeee e 135
7.3.2. Monitoring of MOrtality EVENES ........uueeiiiiiiiiiieiic e e e e e 135
7.3.3. Development, in Australia, of real-time PCRs fa ttientification of Perkinsus sp. .............. 136
7.3.4. The importance of water temperature as a factdthandevelopment of perkinsosis................ 136
7.3.5. Intra-annual and inter-annual variations in prevate and intensity of Perkinsus sp. Infections.
........................................................................................................................... 137
7.3.6. Clarification of the genetic and taxonomic statusl @eographic distribution of Perkinsus sp.-
(V2= L= gL B IS O PPP SR 137
7.3.7. Confirmation of the absence of Perkinsus sp. in@k@mon the majority of the far south coast of
NN 1 TP PRPR 137
7.3.8. ldentification of alternative hosts for Perkinsys 81 NSW ..., 138
7.3.9. Investigating the possible link between reseedkpgements and transmission of Perkinsus sp.
to sites on the south coast Of NSW.........coiiiiiiii e 138
T.4. CONCLUSIONS ... .ttt ettt e e sttt e e e sttt e e e s et b e et e e e e s s sbae e e e e s sbaeeeaesasssneeeessansnnneeas 138
S T =1 =t | o S RSP POPPPRPPN 140
9. PLANNED OUTCOMES .....oiiiiiiiiiiiie ettt ettt e e e s sttt e e e e e s st ba e e e e sabbaeeaeesssbaeeeeeenns 141
10. CONCLUSIONS ....cotiiiiiei ittt ettt e e et e e e s ettt e e e et es bt et e e e e s st bbeeeeeaaasseeeaessantbaeeeaessnstseeaeaenas 144
11, REFERENGCES........oittiiii ittt ettt s+ttt e e e e e ettt e e e e e s st bb e e e e e e abaeeeeeesstbeeaeeesansbaeeaeeeannreees 150
12, APPENDICES ......otiiiii ittt ettt emer et e e e e s sttt e e e e e st te et e e e e s as b taaeaeeatbaeeaeessntbaaeeeeesantbaeeaeenanns 159
12.1 APPENDIX 1 — INTELLECTUAL PROPERTY ..ottt ettt 159
12,2 APPENDIX 2 — STAFF L.oiiiiiiei ittt e sttt e ekttt e e e e s sttt e e e e e st baeaeaeessstaaeeaesansbaeeeeessassaaeeaeesanes 159

12.3 APPENDIX 3 — BACKGROUND NOTES AND QUESTIONS USED DWRING STRUCTURED
INTERVIEWS OF COMMERCIAL AND RECREATIONAL ABALONE D IVERS
REGARDING THEIR HISTORY OF FISHING IN REGION 1, OBS ERVATIONS OF
MORBIDITY AND MORTALITY EVENTS, HISTORICAL CHANGES IN ABUNDANCE OF

ABALONE AND ENVIRONMENTAL VARIABLES. ......cciiiiits o 160
12.3.1Interview questions — commercial abalone divers............cccccoo v, 160
12.3.2Interview questions — recreational abalone diVerS.........cccccceeeeieiiiiiccccieeee e, 163

12.4 APPENDIX 4 — LABORATORY REPORTS CONCERNING SAMPLES OF ABALONE
SUPPLIED TO THE NSW AGRICULTURE / NSW FISHERIES REG IONAL VETERINARY
LABORATORY ASSOCIATED WITH REPORTED MORBIDITY OR MO RTALITY EVENTS

AND PERKINSUS 1992—1996. .....cccuvrieiiiiee et ettt e ettt e et e et e et e e st be e e abaeeentaeeeennes 164
I RV N e 1 ST PROP R RPPPR 164
L2.4.2WNOB/LBAL ...ttt ettt e ettt e e et e e e et e e et e e e et e e e et e e e e eate e e atreeenaaes 165
L2.4.3WNOS/BBT72....eee ettt ettt ettt e e et e e et e e e et e e e et e e e st e e e abe e e e tb e e e e aaae e e atreeeeaaes 166
L12.4.4WNOB/LO0L ... ..ottt e et et e e e e et e e e e e e e et e e e st e e e ebeeeeatr e e e e aareeeantreeeeanes 167
L2.4.5WWNOB/LAA0 ... .ottt et e e ettt e e et e e e et e e et e e e e be e e e etr e e e e eare e e atreeeeaaes 168
12.5APPENDIX 5 — IMAGES FROM DIAGNOSTIC TESTS ....coeiiiiiiieeciieeeniiiee s see e seieeeseee e 169
12.5.11mages of results from RaAY’ tESt............cummeeeiriiiinrirrireiireerrrrrrreeeeeeessssanerrrrrrreerrrereees 169
12.5.2Images from histopathology (reprinted from Callireamd Landos, 2006)................ccccecunnens 117

12.6 APPENDIX 6 — SUSPECTED INFECTIONS OF PERKINSUS SPIN ABALONE (POSITIVE
RESULTS FROM RAY'’S TEST) SAMPLED DURING BROADSCALE SURVEYS IN 2002 AND

20005, .. ———————— ettt e et e e e et e e 1o e E e et e et e e e e e e e et e s n e e 173
12.7 APPENDIX 7 — STANDARD OPERATING PROCEDURES: DECONTAMINATION FOR
COMMERCIAL ABALONE DIVERS. ... ..ttt 174

Perkinsus-related mortality of blacklip abaloneggiins G.W & Upston J. Project No. 2004/084



iv Contents
LIST OF TABLES

Table 3.1. Mortality / morbidity events and sudden declinealiundance of abalone reported by divers

during interviews and based on laboratory repaasfthe NSW Fisheries Regional

Veterinary Laboratory, WOlONGDAr. ...........iceeemiieiiiiiieeee e e 26
Table 3.2. Depletions of catch prior to significant mortalgyents identified for zones within Region 1....32
Table 3.3. Estimated depletions of abalone, based on inditabundance from fishery-independent

survey, since significant mortality events idetififor zones within Region 1. .................... 36
Table 3.4. Estimated depletions of abalone, based on inditabundance from diver interviews: prior

to, during and since significant mortality evemtsritified for zones within Region 1............ 39
Table 4.1. Previous surveys of the prevalence of Perkinsabalone and other mollusc species on the

NSW coast. Shaded rows indicate the first yearhitPerkinsuswvere detected at a

[oTor=Y o] o N PP 49
Table 4.2. Comparative frequencies of detectipgrkinsusby Ray’s test, histology and PCR...............60
Table 4.3. Prevalence oPerkinsusnfections detected at sites and locations duthieg2005 broad-scale

survey, using Ray'’s test (for suspectetkinsus, histology (forPerkinsussp.) and

PCR/gene sequencing (fBerkinsussp.,P. olsenior Perkinsussp.-variant ITS). ........cccccccee.... 64
Table 4.4. Prevalence and intensity of suspecBatkinsudnfections (determined using Ray'’s test) in

abalone from Beecroft Head and 4 areas 250m anoh 5®®oth the north and south................ 69
Table 4.5. Comparison of prevalence and intensity of suspetrttinsusnfections (determined using

Ray’s test) at 4 sites surveyed in February amiril 2005...........c.cccccvveveiieiieeeeeeee e 72
Table 5.1.  ANCOVA summary table, log (Meat weight) v Log (SHehgth)............ccccoviiiiiiiiiniiieceen. 87
Table 6.1. GeographiC areas for SST data. .........uuurcccccccieririiiiirr e e e e e e e e e ssrrrr e rrrrereeees 100
Table 6.2. Main sources of water quality data for the NSW oceaters since 1942, listed by category

(Table 6.2.1 Location-specific monitoring pre-1990able 6.2.2 Location-specific

monitoring post-1990s; Table 6.2.3 Beaches andrwais — faecal contamination)................ 117
Table 6.3. Hypotheses regarding component factors of sufft@anse complexes for the documented

mMass mortalities of aDAIONE...........oo e 120

LIST OF FIGURES

Figure 3.1. Regions 1 — 6 and main fishing zones within Rediqdones D — L) of the abalone fishery.

Horizontal lines within zones denote boundariesuwi-zoNes...........cccvvevveeiiiiiieee s ceeeenee. 21
Figure 3.2. Total reported commercial catch of abalone, efimd commercial CPUE (kg/hr) since

1983 for Region , Zones At0o E and Zones F t0.Lu...ecieiiiiiiiiiiiii e 30
Figure 3.3. Total reported commercial catch of abalone, efiad commercial CPUE (kg/hr) since

LS F I B o)V o o TS PP 31
Figure 3.4. Map of NSW coast showing coverage of abalone indeéget survey sites within zones and

SUD-zones Within REGION L. ........uuiiii et 34
Figure 3.5. A. Abundance of small, medium and large abalone velati 1994 or 1996 for each zone

from the independent survey. B. Abundance of TOBAklone relative to 1994 or 1996

T 1T T O ) TR RSP USRR 35
Figure 3.6. Estimated abundance of abalone, 1975 — 2003,vel&ti1975, by zone, based on

INEENVIEWS WIth GIVETS. ..ot 38
Figure 3.7. Correlations among alternative indices of abundacateh and indices of abundance from

the fishery-independent survey and diver INtEIVIEWS ..........uuueiiieiiiiiiiiieeeee e 41
Figure 4.1. Life cycle ofPerkinsusspp. Adapted from Goggin and Lester (1995), basedescription

by Villalba et @l. (2004).......ccoe it crrrrrr e e e e e e e e e e e s e aaees 47
Figure 4.2. Map of NSW coast showing 12 locations where abalesie sampled for broad-scale

L] (0 o 2 TP T T TP 53
Figure 4.3. Comparative frequencies of detectirgrkinsussp. by histology and PCR for abalone

diagnosed suspect@Brkinsust By RAY'S tESE. ...ovviiiiiiieiei s e e 60
Figure 4.4. Variation in prevalence of suspectBdrkinsusnfections (positive Ray’s test results)

among locations from the 2005 broad-scale SUNVEY. ...t 67

Project No. 2004/084 Perkinsus-related mortalityotafcklip abalone, Liggins G.W. & Upston J.



Contents %

Figure 4.5.
Figure 4.6.
Figure 4.7.
Figure 5.1.
Figure 5.2.
Figure 5.3.
Figure 6.1.
Figure 6.2.
Figure 6.3.
Figure 6.4.
Figure 6.5.
Figure 6.6.

Figure 6.7.
Figure 6.8.

Variation in prevalence of suspectBdrkinsusnfections (positive Ray’s test results)

among sites within locations from the 2005 broa@lessurvey. ............cccccveviiiiiieieeiieeenne. 68
Variation in the intensity of suspect@grkinsusnfections (grades from Ray’s test) among
locations sampled during the 2005 broad-scale SUIVE.............cccoevviiiiiciiiiiiiiieeeeeeeeeee 71
Comparison of the intensity of suspecteikinsusnfections (grades from Ray’s test) from
the 2002 and 2005 broad-SCale SUIVEYS. ... o uuururruniieiieeetieeaaaaaaaaaaasaaaaaaenneeeseeeeeees 72
Frequency oPerkinsussp. infection, and of 3 grades of infection inten§increasing in

level of intensity from 1 to 3), determined by bisQy. .............ccooccii, 84
Relationship between intensity of infection (basadjrades of Ray's test on gill tissue) and
haemocyte activity (based on 4 grades from his§glag209 abalone...............cccccvvvinennee 85
Relative condition of abalone with high-grade, Igr&de and no infections Blerkinsussp.

— meat weight versus shell length and log(meat hitgigersus log(shell length). ................. 6..8
Prevalence oPerkinsussp. infections in male and female abalone, by lopat.................. 102
Prevalence oPerkinsussp. infections in 4 size-classes of abalon@.ee..vevveiiiiiiinnnee, 103

Mean abundance of abalone (small, medium and kirgeclasses; and total +/- 1 SE) at 8
reference crevices at “St. Georges Head West” ssdeturing April 2005, March 2006 and

L@ Tox (o] o 1T g2 001 PSP PURUPUPR 104
Estimated abundance of abalone from fishery-indégensurveys of 2 sites at Tura Head
and 6 sites at Merimbula Pt (1994 — 2006). ...cceccrerieeeeeeee e rr e e e e 109
Association and difference between 2 sources ofgdace temperature, satellite SST and
buoy SST at 2 locations, Sydney and Bateman’s Bay.............cccoooveiiiiiiiiiiiiiiiiieeeeeenn. 111
Mean seasonal (quarterly) satellite-SST at 8 looatalong the NSW coast, between 1985
=T To 2000 TSP PPRPO 112

Mean annual satellite-SST at 8 locations alond\NB®V coast, between 1986 and 2006....... 112
Relationship between observed mortality eventsflactiations in water temperature
between 1985 and 2006 at 8 locations along the NS&EL................cccccciiiiiiiiiieeeee oo 114

Perkinsus-related mortality of blacklip abaloneggiins G.W & Upston J. Project No. 2004/084



Vi Acknowledgements

ACKNOWLEDGEMENTS

A considerable number of people provided advice asgistance to us during the course of this
project.

Pascal Geraghty was employed as a casual techrunidinis project and assisted with fieldwork
and processing samples for Ray’s test. We alsdkttia other technical and scientific staff from
the Cronulla Fisheries Centre of Excellence (1& W) who assisted with fieldwork and

laboratory work from time to time.

Dr Craig Blount The Ecology Lab Pty Ltdyvas contracted to provide diving services to &ssis
project staff during the broad-scale survey.

Shareholders and divers in the NSW abalone fisimetyding Steve Bunney, Darren Clark, Mick
Herrman, Paul Staight, Ari Miinin and Troy Milleollected samples for us under section 37
permits. We also thank the commercial and recreati@balone divers who participated in
interviews and the abalone processors who alsagedvnformation.

Members of the Abalone Management Advisory Commjtigr Duncan Worthington and abalone
shareholders/divers John Smythe and the late Ghres/er provided invaluable advice and
discussion, particularly during project development

Additional historical information about the abalofighery in NSW was provided by Dr Gary
Hamer and Laurie Derwent.

Jane Cameron and Bill Booth (UTS Dept of Medical avlolecular Biosciences) provided
laboratory facilities and equipment including antomlave that we used to make up the
thioglycollate media for Ray’s test.

Dr Paul Gill, assisted by technician Nick Steve(@dSW Regional Veterinary Laboratory,
Wollongbar, now within 1& NSW) performed the praseng of tissue samples and histological
examinations.

Maria Hardy, Janet Eamens, Mark Turner and LouisgvB (EMAI, Diagnostic and Analytic
Lab.) and Narelle Richardson (UTS Dept of Environtaé Sciences) provided low-temperature
freezer storage for tissue samples, necessary Wi®CR assays. Graeme Fraser (Wollongbar
Agricultural Institute) assisted us with long-testorage of abalone samples prior to and since
histological examination.

Dr Craig Hayward (SARDI Agquatic Sciences), Dr Rdbkester (Dept. of Microbiology and
Parasitology, UQ), Dr Judith Handlinger and Richiohdwoh (Animal Health Laboratories (DPIW
Tasmania), Dr Chris Dungan (Maryland DNR Coopemti¥xford Laboratory, USA) provided
advice about Ray’s test and associated samplititgpaees.

Assoc. Prof. Kimberly Reece (School of Marine SceenVirginia Institute of Marine Science,
USA) and staff at her laboratory performed the Pg3Rays and gene sequencing and provided
assistance in interpretation of results from thes¢s. Dr Serge Corbeil (CSIRO Aquatic Animal
Health Laboratory) provided initial advice and alsogoing discussion and advice about PCR
diagnostic methods and interpretation of resultsL&slie Reddacliff and lan Marsh (EMAI, &l
NSW) performed pilot PCR’s for this project.

Project No. 2004/084 Perkinsus-related mortalityotafcklip abalone, Liggins G.W. & Upston J.



Acknowledgements vii

Dr Des Beechey (Australian Museum) confirmed theniification of mollusc species that were
collected during the survey of alternative mollbssts.

Consultation and advice regarding aspects of gatagy and epizootiology were provided by
Prof. John Ellis (Dept. of Medical and MoleculamBtiences, UTS), Dr Dick Callinan and Matt
Landos (previously at Wollongbar Agricultural Ingte / NSW DPI Regional Veterinary
Laboratory), the late Dr Chris Baldock and Dr Datidnnedy (AusVet Animal Health Services
Pty Ltd) and Dr Fran Stephens (Dept. of Fisheki¢s).

Water quality and hydrology data were provided b BPeter Tate and Dr Marcus Scammel
(Sydney Water Corporation), Dennis Day and BarlddciRae (Gosford City Council) and Mark
Gebhard, Ron Grudoff and Darren Cleary (Hunter W@&tarporation).

Dr Doug Ferrell, Jeffrey Go and Jane Frances (I&WW and David Kennedy (AusVet Animal
Health Services Pty Ltd) reviewed and provided abla comments on the report.

Perkinsus-related mortality of blacklip abaloneggiins G.W & Upston J. Project No. 2004/084



viii Non Technical Summary

NON-TECHNICAL SUMMARY

2004/084 Investigating and managing Berkinsusrelated mortality of blacklip abalone
in NSW.
PRINCIPAL INVESTIGATORS: G.W. Liggins
ADDRESS: Industry & Investment NSW
Cronulla Fisheries Research Centre of Excellence
PO Box 21

Cronulla, NSW, 2230
Telephone: 02 9527 8411 Fax: 02 9527 8576

OBJECTIVES:

(1) Compile and document the historical evidence althet spread ofPerkinsusrelated
mortality of abalone in NSW.

(2) Describe the pathogenesis and make initial invastigs of the epizootiology of the
mortality of abalone with particular referencette tole ofPerkinsus

(3) Contribute to the development of strategies to myan@opulations of abalone that have, or
might be, affected byerkinsusrelated mortality and, in particular, evaluate ted for a
second phase of research.

NON TECHNICAL SUMMARY::

Since the early 1990's, a significant proportion lmacklip abalone Haliotis rubra) along
approximately 500 km of the NSW coastline betweent Btephens and Jervis Bay have died.
Sporadic histological examination of moribund abalcsince 1992 and a survey of infection
prevalence in abalone using Ray’'s test in 2002 icoefl infections of a protistan parasite,
Perkinsussp., in abalone. It has been assumed that théesps®. olsenj but this has not been
confirmed (prior to this project). It has been waeclto what extent mortality of abalone has been
caused byPerkinsus Other factors may also have been responsiblh@omortalities. Should the
Perkinsusrelated mortality spread further south into insiagly high density stocks of abalone,
there would be a rapid escalation of impacts.

Against this background, there was a need to: deatirhistorical evidence about the spread of
Perkinsusrelated mortality of abalone in NSW; describe thethogenesis and epizootiology
associated with the mortality of abalone and thie f Perkinsus and to contribute to the
development of management strategies to managdaioms of abalone that have, or might be
affected byPerkinsusrelated mortality and evaluate the need for furtiesearch.

Based on structured interviews of divers, mass albes of abalone occurred during the year (+/-
1 year): 1992 on the Central Coast of NSW, 19%yaihey-Wollongong, 1996 at Kiama and 2000
at Port Stephens. A sudden decline in abundanebalbne, unaccompanied by observations of
morbidities or mortalities, occurred at Jervis Blaying 2000 — 2002.

Indices of abundance of abalone were derived fr@hefy-dependent catch and effort data,
fishery-independent surveys and estimates provigednterviewed divers. Stocks of abalone
between Port Stephens and Jervis Bay were signifjcdepleted by at least 63%, due to fishing
mortality, prior to the documented mortality evemighe 1990’s. Stocks were further depleted by
an estimated 74% due to a combination of the dontedanass mortality events during the 1990’s
and limited fishing. These estimates suggest thatstock of abalone between Port Stephens and
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Jervis Bay may have been depleted to less than df0v9irgin abundance. Given limited larval
dispersal and localised recruitment in abalone |ajpms, the recovery of stocks of blacklip
abalone between Port Stephens and Jervis Bayely litk be a slow process.

A broad-scale survey of the prevalence and interditPerkinsusinfections in abalone in 2005
involved the collection of 1190 abalone from 5%®sitvithin 12 locations along the NSW coast.
Three diagnostic methods were used to identifyctndas of Perkinsus Ray’s test on samples of
gill tissue from all abalone sampled; histologyroaltiple organs/tissues on a subset of abalone;
and polymerase chain reaction (PCR) assays aneégudist gene sequencing on gill and mantle
tissue from a subsample of abalone.

Ray’s test was the most sensitive diagnostic mefloodhe detection oPerkinsus Histology
detected only 33% of the infections and PCR detkeordy 54% of the infections detected by
Ray'’s testP. olseniwas positively identified, by PCR and gene seqimgnas aPerkinsusspecies
infecting blacklip abalone in NSW. Identificatidny PCR and gene sequencing, &fexkinsussp.
with a previously unknown ITS-region gene sequefreéerred to agerkinsussp.-variant ITS)
suggests the presence of a variant strai®.oblseni,or alternatively, a previously undescribed
Perkinsusspecies.

In 2005, Perkinsussp. infections in abalone were identified at midtigurvey sites, within
multiple survey locations between Point Perpendicihear Laurieton) on the north coast of
NSW) and St. Georges Head (near Jervis Bay) osdhth coast of NSWRerkinsussp. was also
identified at a single isolated site (Merimbula) thre far south coast of NSW. Detection of
Perkinsussp. infections in abalone during 2005, at locatiemsthe north and south of the
previously documented range, represents an extertfidhe documented geographic range of
Perkinsussp. infections in blacklip abalone in NSW. Actuatension of geographic range since
2002 cannot be concluded because the northerncartdesn boundaries of distribution identified
in 2005 were outside the geographic range of tlf2 2Qirvey. Within the documented geographic
range ofPerkinsussp., P. olseniwas identified by PCR between Port Perpendicukéthin
location “North Coast”) and St. Georges Head (witloication “South Jervis Bay"Perkinsussp.-
variant ITS was identified by PCR between Crowdwaéi®lorth (within location “Crowdy Head")
and St. Georges Head (within location “South JeB®#&y”) and on the far south coast at
Merimbula (within location “Tathra / Eden”).

Prevalence oPerkinsussp. infections in abalone in 2005 differed sigrfily among locations
and among sites within locations. Prevalence weatgst in populations of abalone at the northern
and southern margins of the infected zone betweeatibns North Coast and South Jervis Bay
(excluding the "outpost” of infection at MerimbulaJhis was consistent with the pattern of
prevalence found in 2002, when maximum prevaleramiming at the northern (Port Stephens)
and southern (South Jervis Bay) boundaries ofrifeeied zone.

Intensity of Perkinsussp. infections in abalone (based on Ray’s testgrddfered significantly
among locations in 2005. Although there was no i@gnt difference in the prevalence of
Perkinsussp. infections in abalone in 2005 compared to 208&nsity of infections was
significantly greater in 2002 compared to 2005. Gheater intensity of étkinsussp. infections in
2002 compared to 2005 explains the better rela@resitivity of Ray’s test and histology in 2002
compared to 2005. This is because the relativetagtysof these diagnostic methods is better for
high-grade infections than low-grade infections.

Infections of Perkinsussp. in abaloneidentified by histology, were generally systemicthwi
intestine, gill, kidney, stomach and heart mostjfiently infected. Less frequently infected were
epipodium, the digestive gland, oesophagus, masuiehaemolymph within the hemocoel. These
observations were consistent with findings fromravjpus study on samples from a survey in
2002-03.
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Substantial tissue and organ damage occurred ilorabavith high-intensity infections. Necrotic
tissue associated witPerkinsussp. trophozoites and tomonts was observed in sanfgm 2002-

03 and 2005. In the most severe infections (2002-GBruption of the gut epithelium and
infarction in the gills, suggested impairment tormal nutrient absorption and respiration.
Infiltration and aggregation of haemocytes provigaidence of host response and there was a
positive relationship between infection intensiBay’s test grade) and haemocyte activity. The
evidence of substantial tissue necrosis, organ dansad haemocyte activity associated with
Perkinsussp. cells in samples from both 2002-03 and 2005iges solid evidence th&erkinsus
sp. is pathogenic to blacklip abalone in NSW. Mgpecifically, pathology associated with the 5
specimens from 2005, within whidB. olseniwas positively identified by PCR, provides solid
evidence oP. olsenias a pathogen in blacklip abalone in NSW. Becausetwas no observation
of Perkinsusby histology for any of the 5 abalone identified BCR and gene sequencing as
havingPerkinsussp.-variant ITS infections, the pathogenicityRa&rkinsussp.-variant ITS remains
unresolved.

Infection intensity did not affect the length-weigiondition of abalone sampled in 2005. Because
extremely high-grade infections &ferkinsussp. (Ray’s grade #) were absent from samples in
2005, this conclusion is restricted to abalone Jgther infection intensity (i.e., Ray’s grade 3).
The lack of encapsulation dPerkinsussp. cells by haemocytes, as described Rorolseni
infections in South Australian blacklip abaloneggests a difference in the virulenceRofolseni

(or strain ofP. olsenior Perkinsussp.) and/or a difference in the resistance ofkhla@balone in
NSW compared to South Australia.

No pathogens other thaPerkinsussp. were identified by histology in tissue samfiesn the
2005 survey. Nor were any other pathogens idedtifiessamples from the 2002-03 survey.

The importance of population variables includingdgr and size on prevalence and intensity of
infections was examined. Prevalence Pérkinsussp. infections was gender-specific with
infections more frequent in female (10.9%) thanmale (5.0%) abalone in 2005. There was no
gender-specific difference in infection intensitirevalence and intensity dPerkinsus sp.
infections in abalone during 2005 was not dependerihe size (length) of abalone.

A small-scale survey to identif§erkinsussp. infections in alternative mollusc hosts, assivhere
Perkinsussp. was prevalent in abalone (in the vicinity ofvike Bay), did not identify any
alternative host species.

Investigations were made of the likelihood of eamimental variables (acting alone or as auxiliary
factors operating witfPerkinsussp.) as the cause of documented mortality evelhtsteTwere no
environmental factors that were consistently asdediby interviewed divers with mortality events
that were consistent across the documented mgréadénts. The potential to examine associations
between water quality and observed mortality evesats limited by the spatial and temporal scales
at which such data was available. The documentathiiip events at specific locations in specific
years were not consistently associated with inegagecreases, maximum or minimum values in
any of the indices of water temperature examineaktdity events were, however, associated with
indices of water temperature in excess di2and the greater intensity of infections identifia
2002 compared to 2005 corresponded with greaterteatperature in 2002 compared to 2005.

Based on the consistency of findings from this g@cbjand from other studies in Australia and
internationally, with hypotheses concerning factiorolved in the cause of documented mortality
events, the likelihood of alternative hypothesescafise being correct was graded “low”,
“medium” or “high”. It was concluded highly likelthat Perkinsussp. was a necessary factor for
the documented mortality events. The likelihoodt thvater temperature (above some threshold)
was an additional component of cause was also derexdd high. Whether or not another
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environmental factor(s) was also a component ofeavas indeterminate. It was also considered
likely, based on available evidence, tHag¢rkinsussp. has not been endemic and broadly
distributed along the NSW coast for many yearsrpidothe documented mortality events. The
spatial and temporal pattern of documented masaliand finding thaPerkinsussp. infections
were greatest at the boundaries of the infectece aoare consistent with a progression of
Perkinsussp. through naive populations of abalone.

Transmission ofPerkinsussp. within and among populations of abalone attiona along the
NSW coast may have resulted from passive or aatmeehanisms. Multiple fishing-related
activities were identified that could have transted abalone infected witRerkinsussp. and
facilitated active transmission of the parasite ipbpulations of abalone that were disease-free.
Activities that involved translocations at spatedales of less than 100's of km included:
harvesting of abalone by divers at individual drdpenging of abalone over the side of the boat or
pumping water over abalone in the boat during dsdiéshing; hanging of catch during multi-day
trips; and shucking of abalone and discard of viacéctivities that involved translocation of
abalone at greater spatial scales included: movewiedivers, boats and equipment between
locations; movement of catches to processors asuilditors; and the distribution of abalone
viscera as bait.

In addition to these possible mechanisms for actremsmission, experiments involving the
translocation of abalone from the wild to a bregdiacility and the subsequent translocation of
hatchery-reared juveniles and larvae from the ifgicio the wild between 1999 and 2001 could
have inadvertently translocated abalone carrifiakinsussp. infections.

Whereas the spatial and temporal pattern of doctedemass mortality events and Pérkinsus

sp. infections between the north coast of NSW aadtls Jervis Bay was consistent with the
passive transmission oPerkinsus sp. among adjacent populations of abalone, possibly
supplemented by active mechanisms of transmisglom,isolated “outpost” ofPerkinsussp.
infection in abalone at Merimbula is likely to havesulted from an active mechanism of
transmission.The mechanism could have involved a mobile marpecies or bird acting as a
vector, the fishing-related activities that invalviganslocation of abalone or abalone viscera over
100’s of km, or perhaps the translocation/reseedipgriments that included the release, in 2001,
of hatchery-reared juvenile abalone at Tura Ptnfbté the north of the Merimbula site at which
Perkinsussp. was identified in 2005).

A precautionary approach to the management of ptipuls of abalone affected IRerkinsussp.

in NSW is warranted. Whilst this project has madnificant inroads into understanding the
pathogenesis and epizootiology of perkinsosis Aaddbcumented mortality of abalone during the
1990’s, understanding of the epizootiolgy of peskisis in NSW and in other Australian
jurisdictions is incomplete. There is potential farther impact of the disease on the commercial
and recreational fishery concentrated on the soodist of NSW.

Closures to fishing in areas whdPerkinsussp. is known to be present, accompanied by closures
in buffer zones between infected areas and dideeseareas is one option for limiting the
possibility of transmittingPerkinsussp. from areas where the parasite is known to oator
disease-free areas. This would involve, in NSWextension of the existing closure between Port
Stephens and Jervis Bay to the north coast of N&Wuffer zone implemented south of St.
Georges Head (South Jervis Bay) and another cloguleding buffer zones, implemented in the
vicinity of Merimbula.

Another approach to minimising the risk Bérkinsussp. transmission concerns modification of
existing fishing practices that involve a risk e@hrismission. The development of “Standard
Operating Procedures” for the decontamination afigggent (tools, boats, people and clothing,
transport containers) provides a means of minirgighis risk of translocating viable cells of
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Perkinsussp. resulting from the movement of divers, boatd aguipment between locations.
Standard operating procedures already exist as lantaoy code of conduct. The level of
compliance with this code of conduct is unknown #redoption of legally requiring and enforcing
standard operating procedures needs to be evaluated

In the absence of closures preventing the hargesfimbalone potentially infected wiBerkinsus
sp., it is inevitable that abalone infected warkinsussp. will be received by abalone processors.
A review of current procedures used by processodsaadit against best practice procedures is
recommended.

To counter the risk of transmittingerkinsussp. (and abalone viral ganglioneuritis), the
distribution and use of abalone viscera as baluwtey was made illegal in NSW in December
2007.

Given the absence of fishery-dependent data shecelbsures to commercial fishing between Port
Stephens and Jervis Bay and limited fishery-inddpehsurvey sites, assessment of the current
status of the severely depleted abalone stockkisnrégion is problematic. A structured fishing
survey, done in 2007, involved a limited numbecafmercial abalone divers fishing at specified
drops (specific locations) between Port Stepherms Janvis Bay. The specified drops at which
fishing occurred were selected from “historicallpguctive drops” identified by the commercial
abalone divers interviewed during this project. ared monitoring of abundances of abalone at
fishery-independent survey sites within this regidso provides a means of monitoring abundance
and recovery of stocks in this region of the fishand will inform management decisions
concerning access of fishers to the resource. Véhetbalone stocks iRerkinsussp.-affected
areas of Region 1 can sustain commercial harvebtisgnot yet been determined. In addition to
controlling risks of transmission &ferkinsussp., a future harvest strategy for this region ndééed

to recognise the possibility that there may be riutmortality events due tBerkinsussp. in
addition to mortality from future fishing.

Given the incomplete understanding of the epizdagip of perkinsosis and associated mortality of
abalone in NSW, priorities for future monitoringdaresearch were identified. Future repeats of
the broad-scale survey completed in 2005 wouldifat# monitoring of any future expansion in
the geographic range ®ferkinsussp. infections in abalone. Monitoring and assodiaampling

of future mortality events is also fundamental totliering understanding of epizootiology.
Surveys, supplementary to repeats of the broaéd-staivey, could be done to examine intra-
annual and inter-annual variations in prevalencg iatensity ofPerkinsussp. infections. As a
component of future broad-scale surveys, applinatiba suitably sensitive testing methodology
for the identification ofP. olseniand Perkinsussp.-variant ITS (ideally real-time PCR), across
multiple organs would provide further evidence filwe presence/absence Brkinsussp.
infections in abalone sampled from sections of N®W coast for which infections were not
detected during the 2005 survey. Sampling of mollygecies other than abalone and subsequent
testing for the presence Berkinsussp. infections, in conjunction with a repeat of bread-scale
survey, would directly address the uncertainty eissed with the identification of alternative
hosts.

As an adjunct to the next repeat of the broad-saateey, or as a stand-alone survey, identification
of the existence dPerkinsussp. infections at survey sites where juvenile abalwere released on
the south coast of NSW during the reseeding exmatisnduring 1999 — 2001 and at control sites
(where reseeding did not occur) would provide a wsthe hypothesis thaPerkinsussp.
infections exist in abalone at sites in close proi to reseeding sites but do not exist at sites
away from reseeding sites on the south coast of NSW

Uncertainty about sufficiency of the presencePefkinsussp. and water temperature elevated
above some threshold as the cause of the develdmheprkinsosis and subsequent mortality of
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abalone can be further investigated in several whygparticular, there is a need for controlled
laboratory-based experiments concerning the rolgabér temperature in disease progression.

Development and establishment, in Australia, of-tiede PCR assays for the diagnosis Rof
olseniand Perkinsussp-variant ITS infections in tissue samples is recomueel and underpins
the fast and efficient identification &ferkinsusin samples from future surveys and experiments.
Clarification of the genetic and taxonomic statusl geographic distribution dPerkinsussp.-
variant ITS is also required.

Outcomes Achieved
All objectives of this project have been achieved.

Historical evidence about mass mortalities of aba@lon NSW was collected through structured
interviews with divers and the timing and locatiarfsthese events was documented. Based on
information from interviews with divers, fisheryqendent catch and effort data from the fishery
and fishery-independent survey data, the deplettbnabalone stocks prior to and since
documented mortality events was estimated.

D
o

A broad-scale survey of the prevalence and intg$iPerkinsusinfections in abalone and relats
analyses and conclusions concerning the geograjiiibution of Perkinsussp., P. olseniand
variant strain or speciedPérkinsussp.-variant ITS), patterns of prevalence and witgnof
infections among locations and among sites witb@ations and underpinned analyses concerhing
the pathogenesis and epizootiology associateddeitumented mortalities and perkinsosis.

Information about the pathogenesisR&rkinsussp. andP. olseniinfections in abalone came from
examination of the histology associated with a stulid samples from the broad-scale survey.
Findings including the systemic nature of infectamssociated with substantial tissue necrgsis,
organ damage and haemocyte activity provided deectence thaPerkinsussp. and specifically
P. olsenj is pathogenic to blacklip abalone in NSW.

Investigations of the epizootiology of perkinsoaisd associated mortalities of abalone included:
investigation of infection prevalence and intensityated to population variables; a small-scale
survey to identify alternative host species; thelihood of environmental variables contributing
to the cause of documented mortalities; analyseth@fconsistency of available evidence with
alternative hypotheses concerning factors involivedhe cause of documented mortalities; the
consistency of available evidence with alternatiypotheses concerning the historical distribution
of Perkinsussp. along the NSW coast; and identification of naaidms of transmission (passive
and active) that may have been involved in theapod perkinsosis and associated mortalities.

Based on current knowledge of the geographic digion of Perkinsussp., pathogenesis and
epizootiology of Perkinsussp. in NSW and findings from other studies in Aabk# and
internationally, options of management of the papah of abalone and fisheries in NSW were
reviewed. To gain further understanding of the epiiology of perkinsosis and related mortalities
and inform management in the future, multiple hpgtority monitoring and research programs
were recommended. T.I

KEYWORDS:

Perkinsussp.,Perkinsus olsenperkinsosis, Ray’s test, histology, PCR, pathegen
epizootiology
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1. BACKGROUND AND NEED

Since the early 1990’s, a significant proportiorittd abalone along approximately 500 km of the
NSW coastline have died. The mortality apparendgnmenced around Sydney and the Central
Coast in the early 1990s, and gradually spreachntortPort Stephens and south to Jervis Bay.
Sporadic histological examination of moribund abalcsince 1992 and a survey of infection
prevalence in blacklip abalonkldliotis rubra) using Ray’s test in 2002 confirmed infectionsaof
protistan parasiteRerkinsussp., in abalone. It has been assumed previousy the species B.
olseni but this has not been confirmed. Mortality of laba has affected reefs that historically
produced the order of 80 t of abalone, valued at@pmately $3 million per year. It is unclear
whether the mortality is continuing to spread. Stidlhe mortality continue to spread further south
into increasingly high density stocks of abaloheré will be a rapid escalation of impacts.

It is unclear to what extent the spread of mostadit abalone has been caused by the spread of
Perkinsus Other factors may also be responsible for thetafibes. Stress on abalone may result
from environmental factors (e.g., pollutants, watmperature) witlPerkinsusinfecting abalone
opportunistically. The pattern of spread of the t@dy is most consistent with the spread of an
infectious disease, such as that cause@drkinsus rather than other potential causes. Research
done in South Australia, whete. olseniinfections in blacklip and greenlip abalonda(iotis
laevigatg and associated mortalities have been documestaghestsPerkinsusmay infect a
wider range of species than previously thought. r&hare significant differences in the
epizootiology of the disease observed in abaloné&Anand NSW. In SA, in recent years,
symptoms of infection biperkinsusoccur in abalone at a few localised sites andéischot appear
that infections have spread beyond these locatlansontrast, the spatial and temporal pattern of
reported mortalities between Port Stephens andsJBay in NSW during the 1990’s suggests that
Perkinsusmay have spread at this same scale. This is nmoiasto an outbreak dP. olsenithat
occurred in SA during the 1980s. The spread of ntedomortalities in NSW may be due to a
different species oPerkinsus a more pathogenic strain & olsenj or related to interacting
environmental factors. Mortalities may result freime spread oPerkinsusinto naive populations

of abalone exposed to environmental conditions telte them susceptible. The threat of spread
of Perkinsusto naive populations appears to be present in rabatone producing states of
Australia.

Evidence from the USA, Europe and Asia, whBerkinsusspp. infect and cause mortality of
other mollusc species, demonstrates that envirotahgariables (water temperature and salinity
in particular) play an important role in the proggi®n and regression of infection intensity. Stress
in hosts, induced by unfavourable environmentald@ans, limits the immune response of hosts.
Abalone are easily stressed when exposed to a @nigetors including high water temperature
and poor water quality. It is likely, therefore,athsuch environmental factors may play an
important role in the epizootiology of perkinsoaied observed mortalities of abalone in NSW.

Commercial and recreational fishers in NSW havenlsdarmed about the extent of the mortality

observed since the early 1990’s and the apparéuatdaf affected stocks to recover. In response
to depleted populations of abalone, sections oNB®/ coast were closed to fishing in 1996, 1998
and 2002, at which point, the entire section ofstdeetween Port Stephens to Jervis Bay was
closed to harvesting of abalone. Whilst a largepprtion of abalone have died in some areas
(greater than 95% at some sites since the mid $998ense populations still occur in some

limited areas within this range. Proposals for esopg of the area are currently being considered,
but are being hampered by uncertainty about thenexif stocks that remain and the potential for
transmission oPerkinsudo other areas.
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NSW Fisheries (now within 1& NSW) convened a natibworkshop in September 2003 to help
develop strategies for the research and manageshéime Perkinsusrelated mortality of abalone.
The workshop involved experts from state and conweaith departments, Universities, FRDC
and Industry, and concluded there was an urgend m@egain a greater understanding of the
problem by advancing research in several directiofisese research needs included the
development of improved diagnostic assaysHerkinsusand investigations of resistance to the
disease. The most urgent need identified, howewars the collection of data to further
understanding of the cause of abalone mortalitizsexved in NSW and the pathogenesis and
epizootiology of perkinsosis.

Despite the identification dPerkinsusin moribund abalone, it was not clear whetRerkinsus
was responsible for the observed mortalities ofaimbetween Port Stephens and Jervis Bay or
whether other environmental factors were involvidwas assumed, but not known, that the
species of Perkinsus wi&s olseni Reports of the specific times and locations oftality events
were poorly documented. There was a strong andntirgeed for basic information about
historical mass mortalities. Identification of tharrent geographic range Bérkinsusnfections in
abalone was needed. Pathogenesis and epizootialespciated witiPerkinsusinfections and
mortalities of abalone in NSW required formal ingsation.

Outcomes of these investigations would directly aigrent and ongoing management of the
abalone fishery in NSW by providing information abothe cause(s) of the observed mass
mortalities and specifically, the involvement B&rkinsus Knowledge of the pathogenesis and
epidemiology of perkinsosis would directly inforimet need for further research and monitoring
and management options for limiting further sprefBerkinsusSuch outcomes are likely to have

implications for the research and management ddlzdlone fisheries in Australia that have been
or might, in the future, be affected Bgrkinsusrelated mortality.
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2. OBJECTIVES

(1) Compile and document the historical evidence alibet spread ofPerkinsusrelated
mortality of abalone in NSW.

(2) Describe the pathogenesis and make initial invagags of the epizootiology of the
mortality of abalone with particular reference hte role ofPerkinsus

(3) Contribute to the development of strategies to mar@opulations of abalone that have, or
might be, affected byerkinsusrelated mortality and, in particular, evaluate tie=d for a
second phase of research.

These objectives were translated into more spegchjectives that are grouped in chapters of this
report as outlined below. It was also a genera¢dbje to provide a literature review pertinent to
each topic within the introduction of each chapter.

Chapter 3 Reported mortality events and declines imbundance of abalone in NSW

0] Investigate and document the historical observatafrmorbidity/mortality events
by divers (by survey/interview of divers) and froecords (Veterinary Laboratory
reports and related documents) held by NSW DPI (I&dwWSW);

(i) Collate and interpret data-series that providecesliof abundance of abalone over
time (fishery-dependent catch and effort data, efighindependent surveys of
abundance, estimates of historical changes in angaedby divers) and model-
based estimates of historical biomass.

(iii) Assess the relative importance of fishing mortadibd other observed “mortality
events” to historical declines in abundance of atel

Chapter 4 Identification and geographic distribution of the parasite Perkinsus sp. in
abalone in NSW

(1) Survey the geographic distribution &erkinsussp. in abalone (in 2005) and
extend the geographic range covered by the 2002:8&ys;

(i) Determine the spatial variability of prevalence antensity of Perkinsussp.
infections in blacklip abalone (at spatial scaléslacations on the coast; sites
within locations; areas adjacent to sites) and @mpvith results from 2002-03
surveys;

(i) Assess the correspondence of positive and negatveesults among 3 alternative
diagnostic tests for the presenceéPefkinsus Ray’s test, histology and PCR;

(iv) Positively identify the species Berkinsusnfecting abalone in NSW;
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Chapter 5

(i)

(ii)

(iii)

(iv)

v)

Chapter 6

(i)

(ii)

(iii)

(iv)

v)

(vi)

(vii)

(viii)

(ix)

(x)

Pathogenesis dPerkinsussp. in abalone in NSW

Investigate the distribution &erkinsussp. infections in organs/tissues of blacklip
abalone;

Investigate the pathology and pathogenicity Rerkinsussp. (tissue necrosis,
changes in organ morphology and likely functiommapairment of organs, host-
response to infection);

Identify pathogens other thderkinsussp. (and describe associated pathology and
pathogenicity if detected);

Assess the effect oPerkinsussp. infection on the condition (weight-length
relationship) of abalone;

Assess evidence regarding the site (organ/ tissuajitial infection and disease
progression (based on the distributiorPefkinsussp.in organs/ tissues from (i)).

The epizootiology of perkinsosis and maswortality of blacklip abalone in
NSW

Examine the effect of abalone gender on the pracaland intensity dPerkinsus
sp.infections;

Examine the effect of abalone size on the prevalemd intensity oPerkinsussp.
infections;

Implement a survey to monitor abalone abundancenamdality adjacent to the
southern “front” of infection at South Jervis Bay;

Test for the presence Bferkinsussp.in other potential mollusc hosts at locations
where the parasite was present in abalone.

Examine the potential for translocationRérkinsussp. during fishing and related
activities;

Examine the potential for translocation Berkinsussp. during reseeding and
enhancement experiments;

Identify environmental factors that were noted livets to be associated with
mortality events and changes in abundance of abalon

Identify associations between water temperaturegied mortality events and
infection intensity;

Investigate the availability of data about watealigy and therefore, the potential
to examine associations between water quality &sérved mortality events.

Consider the relative likelihood of alternative byipeses about the epizootiology
of perkinsosis an@erkinsusrelated mortalities of blacklip abalone in NSW.
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Chapter 7 Further development — management and reaech options

@ Identify immediate management risks and options;

(i) Identify high priority research and monitoring apts that will inform
management in the longer term.
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3. REPORTED MORTALITY EVENTS AND DECLINES IN
ABUNDANCE OF ABALONE IN NSW

3.1. Introduction

Changes in abundance of any species over timet ffiesal the net effect of factors that positively
and negatively influence abundance. Growth of iitligls and recruitment to the population has a
positive impact on abundance and biomass. Remov¥alglividuals from the population through
fishing (fishing mortality) and non-fishing-relateduses of mortality (natural mortality) decrease
abundance and stock biomass. Fishing mortality waay dramatically over time, initially as the
fishery expands and catches increase and subsgguieatches decrease as a consequence of
over-fishing. Similarly, background levels of natlmortality may change as a consequence of
changes in predator-prey relationships, environaleranditions (affecting reproduction, growth
or survival) or the introduction of disease inte fiopulation. In attempting to examine the relative
importance of changes in fishing and natural mibital over time, establishing a timeline or
history of fishing mortalities and other mortalgyents is fundamental.

The presence of dead or dying abalone on coasitd between Port Stephens and Kiama on the
NSW coast between 1990 and 2000 has been repoytedhddone divers on several occasions.
These divers have also reported massive declinabundance of abalone between Port Stephens
and Kiama during the 1990s and 1999 — 2002 at sJ@ay. Associated with several of these
observations during the 1990’s, moribund abaloneewexamined by the “NSW Fisheries
Regional Veterinary Laboratory” at Wollongbar aRdrkinsussp. parasites were identified in
some of these samples. Discussion concerning tbbserved “mass mortalities”, subsequent
depletions of abalone stocks and the rolePefkinsushas occurred in a variety of forums:
meetings of the Abalone Management Advisory ConamittABMAC); meetings of the Total
Allowable Catch (TAC) committee; a workshop sporsbby FRDC and held at the Cronulla
Fisheries Centre in September 2003; letters fraaiefis to NSW Fisheries and NSW DPI (now
within 1& NSW); and discussions amongst scientestsl managers within 1& NSW. Much of this
discussion was based off-2or 3%hand anecdotal information and undocumented irgéafions

of events. Thus, there was a clear need to: (in#tise and document the recollections and
observations of divers regarding morbidity/mortakitvents and declines in abundance at specific
locations and at specific times; (ii) collate thormation contained in reports from the NSW
Fisheries Veterinary Laboratory (held by I& NSW).

Understanding of the importance of such non-fishingrtalities, relative to the importance of
fishing mortality, also requires assessment ofctienges in abundance of abalone over the history
of the fishery that are due to fishing. Stock assesnts for the NSW abalone resource have been
completed annually since 1995. These assessmeamdban based on: (i) fishery-dependent catch
and effort data provided by commercial abalone iishon logbooks; (i) sampling size-
distributions from commercial catches; (iii) a #si-independent survey of the abundance of
abalone on rocky reefs in NSW; and (iv) a modethaf population and fishery that estimates
historical changes in stock biomass (e.g., Wortioinget al, 1998, 1999, 2001; Worthington,
2003; Liggins and Upston 2006; Ferretlal, 2007). This model incorporates information about
the biology of abalone (e.g., growth, size at migtuand the fishery (e.g., selectivity, historical
changes in minimum legal lengths) and is calibrateitig time-series of fishery-dependent catch
and effort data and standardised estimates of abaddundance from the fishery-independent
survey. Thus, depletions of abalone stock may fegried from fishery-dependent catch and effort
data, the fishery-independent survey of abundanestomated biomasses from the model.
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Management of the fishery for abalone in NSW isicgtired spatially into 6 regions, named
Regions 1 — 6 from the north to the south of NS\WJ.(B.1). Each region is further subdivided into
zones and sub-zones. The component of Region lebat®ort Macquarie and Jervis Bay is of
particular interest in this project and comprisees D, E, F, G, H, J, K and L from north to
south (Fig. 3.1). Prior to 1995, fishers reportatth at the level of zone. Reporting at the level o
sub-zone was phased in during 1995 and by 199%sh#rs reported catch and effort at the level
of sub-zone (36 sub-zones within Region 1).

The fishery for abalone in NSW is a share-manageérfishery in which a total allowable
commercial catch (TACC) is set annually by a TAGnouttee (NSW Fisheries, 2000; TEL,
2007). The fishery became the first restricteddigtin NSW in 1980. In 1989, a quota system was
introduced with an annual quota of 10 t allocateddch diver. This led to average total catches of
approximately 350 t (Andrewt al, 1996). Following industry restructure, the TACE& for the
fishery was 333 t between 1992 and 1999 but, ipaese to increasing concerns about abundance
of abalone and sustainability of the fishery, dasesl to 305 t for 2000, 300t for 2002, 281 t for
2003-04, 206 t for 2004-05, 130 t for 2005-06 a2& 1 for 2006-07. A minimum legal length
(MLL) of 200 mm was first introduced in 1973 andsaiacreased to 108 mm in 1980, 111 mm in
1986 and 115 mm in 1987. Due to concerns aboueteps of stock at specific locations within
Region 1 during the 1990s, fishing closures wenglémented for Sub-zones G3, H3, J1 and J2 in
August 1996 and in Sub-zone K3 in December 1998&s&guently, following further concerns
about depleted stocks in the southern componeRegion 1 between Port Stephens and Jervis
Bay (Zones F — L), this component of the fishergwksed to fishing in November, 2002 and has
remained closed since. A limited catch of 3t wdemafrom Zones G — L by commercial divers
with research permits during 2004 and a furthdrd@h Zones F — L during 2007.

One of the consequences of the total closure has ti&t our knowledge of recent changes in
abundance of abalone is inferior in Region 1 combdo Regions 2 — 6. Fishery-dependent catch
and effort data is absent for the southern comptoofeRegion 1 since 2003. Moreover, whilst the
fishery-independent survey of abundance, that cametkin 1994, was maintained in Region 1 up
until 2007, the coverage of this relatively longtdnce of coastline by the limited number of
survey sites was not as great compared to Region$.2Indeed, no model-based estimates of
biomass depletion have been made for Region 1 &d@é (Worthingtoret al,, 2001). Biomass of
legal-length (>115 mm) abalone had declined by an estimated 82%een the 1960’'s and 2000
(B200o /Buirgin = 0.18 90% C.I: 0.09 — 0.35). Subsequent assessmentsdmsugssed the declining
status of stocks in Region 1 based on the catcheffiod data and indices of abundance from the
fishery-independent survey (e.g., Worthington, 20@8d data from the fishery-independent
survey alone in years since 2003 (e.g., Ligginsdpston 2006; Ferredt al, 2007).

There is little doubt that there has been a magiieine in the abundance of abalone stocks along
the NSW coast during the past 20 — 30 years, pdatly so in the component of the fishery
between Port Stephens and Jervis Bay (e.g., Andteak, 1997; Worthington, 2003; Liggins and
Upston 2006; Ferrekt al, 2007). The decline in this latter component & fishery could be due

to a range of impacts including fishing, environta¢rfactors (e.g., habitat changes, pollutants,
water temperature) and disease (e.g., perkinsosis).

The principal objectives of this component of thejgct, presented in this chapter, were to:

® Investigate and document the historical observatafmorbidity/mortality events
by divers (by survey/interview of divers) and framcords held by & NSW
(Veterinary Laboratory reports and related docusjent
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Figure 3.1.

Regions 1 - 6 (inset) and main fishing zones witkegion 1 (Zones D — L) of the

abalone fishery. Horizontal lines within zones derfwoundaries of sub-zones.
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(i) Collate and interpret data-series that providecesliof abundance of abalone over
time (fishery-dependent catch and effort data, efighndependent surveys of
abundance, estimates of historical changes in amagdby divers) and model-
based estimates of historical biomass.

(i) Assess the relative importance of fishing mortadihd other observed “mortality
events” to historical declines in abundance of il

3.2. Methods

Observations of historical morbidity/mortality e¥semnd sudden declines in abundance of abalone
were obtained by interviewing divers with a histarfy harvesting abalone in Region 1. Diver
observations of mortality/ morbidity events wererified against records held by & NSW
(laboratory reports from the NSW Regional Vetennaaboratory, Wollongbar, and associated
documentation) where possible.

Three sources of potentially useful indices of abalabundance were investigated: (i) estimated
historical abundances from diver interviews; (igntmercial catch and effort data (provided by
commercial abalone fishers in NSW and held by I&8W); and (iii) fishery-independent surveys
of abundance completed by NSW Fisheries / NSW DBW(I& NSW) and done under contract
by The Ecology Lab Pty. Ltd. during 2005 and 200Blodel-based estimates of historical
biomasses and depletions were obtained from res@ssessments (completed by NSW DPI, now
&1 NSW).

3.2.1. Diver interviews (observations of morbidity/mortali events, sudden declines in
abundance, historical changes in abundance)

A total of 17 commercial and 9 recreational abaldivers with a history of harvesting abalone in

Region 1 (Port Stephens to Jervis Bay) during theod 1975 to 2003 were selected for full

interviews, which were done face-to-face. An additil 6 part-interviews (5 commercial and 1

recreational fisher), which focussed on a sub-Eqtiestions relating to observed mortalities, were
done over the phone. The criteria for selectionahmercial divers for full interviews were either

a consistent diving history within Region 1 or largatch weights over fewer years. Divers were
either resident within Region 1 where most of thegitch was taken, or were “travelling” divers

who made regular trips from southern ports to éisttain areas within Region 1. The coverage of
full and part interviews within Region 1, basedtba divers’ main area fished, was as follows:

- Port Stephens (Zone F): Total of 14 interviewspimercial and 7 recreational
divers;

- Central Coast (Zone F, G): Total of 14 intervielvk,commercial and 3 recreational
divers;

- Sydney to Wollongong (Zone H, J): Total of 14 intews, 11 commercial and 3
recreational divers;

- Kiama (Zone K): Total of 15 interviews, 13 commaicnd 2 recreational divers;

- Jervis Bay (Zone L): Total of 15 interviews, 13 guprcial and 2 recreational divers.

Divers were independently asked a series of questielating to abundance of abalone and
observed mortalities within Region 1, and factofsioh may have impacted on the abundances
such as environmental changes (Appendix 3 in Sediib3). The same person interviewed each
diver in one or two sessions for 4 — 6 hrs if a owrcial diver, or approximately 2 hrs if a
recreational diver. Two different sets of intervigwestions were constructed for commercial and
recreational divers; however there was still coasdtile overlap in the questions asked. Relevant
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to this study were questions about (i) relativerataunce of abalone over time, (ii) sudden declines
in abalone abundance (i.e., within one year), @)dbserved dead or dying abalone. Specifically,
the questions were as follows:

(a) Commercial and recreational divers (Questions2.(a) and 6 respectively)

How would you describe change in abundance of afealim Region 1, for each year
fished, up until the present? (Answer is a grapii®o abundance over time)

- Full interviews only;

- For commercial divers abundance related to legal-ai the time of fishing and for
recreational divers abundance referred to abaleligbty seen within cryptic reef
habitat (> 80 mm shell length for most of the déviterviewed);

- If the change in abalone abundance was judgeddiyeato be different for their main
areas fished then separate graphics were draveatir area;

- Not all divers could confidently recall abundandé@lbalone through time for each of
their main areas fished. Typically “travelling” @irs recalled abundances for a sub-set
of their main areas fished. The coverage of grapbésed on the divers’ ability to
recall abundances for their main area fished, wdsliobws: Port Stephens, 8 (3
commercial, 5 recreational); Central Coast, 7 (@mercial, 1 recreational); Sydney
to Wollongong, 4 (2 commercial, 2 recreational)aikia, 8 (6 commercial, 2
recreational); and Jervis Bay, 4 (commercial);

- Indices of abalone abundance for each fishing wera calculated from the average
change in each year relative to the previous year.

(b) Commercial divers (Questions 10 and 12 (d))

Specify exceptional years when abundance of legeal abalone in Region 1 was either
very good or poor?

AND

Were there specific areas you fished, where abaddmendance declined suddenly (within
the space of months)?

(b) Recreational divers (Question 7)

Were there specific years when relative abundarfc@ebalone had either noticeably
increased or decreased?

(c) Commercial and recreational divers (Questions@and 10 respectively)

Did you observe abalone dead, or with abnormal sifmg., lesions, lethargic), on reefs
in Region 1? If so please provide details and dgegaar, area and approximate number
of individuals observed.

For questions under categories (b) and (c), thiaiogy of diver recollections for years in which
mortalities or sudden declines in abundance wetieetbwas documented as either approximate
with a minimum error of +/- 1 year (e.g., ~2000}, aertain if mortalities occurred within a
specified year or range of years for which the divas certain (e.g., 1999 or 2000).

Diver observations of morbidity/mortality events a@udden declines in abundance were
summarised and tabulated. The observations or liti@savere verified by searching records held
by 1& NSW for reports of abalone mortalities (Fiélh database, all records since early 1970’s)
and examinations of abalone done by the Regiortelinary Laboratory at Wollongbar (records
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for submissions since 1986 and reports including téxt “abalone” since 1990). Laboratory
reports that corresponded to diver reports of nitiga (i.e., year and area matched) provided
additional information such as whetHeerkinsusor other pathogens were detected in abalone at
the time.

3.2.2. Fishery-dependent catch, effort and CPUE

Divers are required to provide information on thasily catch and effort within each of the sub-
zones of the fishery. Prior to 1996 catch was regbat the level of zone only. Catch (kg) is
validated each day and effort is estimated as gitiours. Catch, effort (hours) and CPUE (catch
per hour) since 1983 are described for Region 1heffishery, northern (Zones A — E) and
southern (Zones F — L) components of the region fancach of the individual Zones F — L
(between Port Stephens and Jervis Bay). Annual ClBUEach region was calculated as the sum
of catch (kg) / sum of effort (hours fished). Nobat a total closure of the fishery between Port
Stephens and Jervis Bay has been effective singerimer 2002 so that this data series covers the
period 1983 — 2002.

3.2.3. Fishery-independent surveys of abundance

Fishery-independent surveys of the abundance ofoaéaon reefs within NSW were done
annually between 1994 and 2007 to estimate thedsmae of small (< 60 mm), medium §8 mm

and < 115 mm) and large (15 mm) abalone (e.g., Worthingtenal, 1998; Worthington, 2003;
Liggins and Upston, 2006). Within Region 1, couotsabalone have been made annually since
1994 at up 74 fixed areas (“crevices”) between Btgphens and Jervis Bay. These fixed areas are
grouped within sites, typically with 2 — 6 fixedeass per site. Sites are grouped within each of four
locations, Port Stephens (Zone F), Sydney (Zonkid)na (Zone K), and Jervis Bay (Zone L). For
each fixed area, two replicate counts, usuallyifferént divers but rarely by the same diver, were
made of abalone in each of the three length cla3$essum of these counts then provided a total
count for each fixed area. Note that the numbdixefl areas sampled varied from year to year but
in later years was greater than when the survenrbég 1994 as additional crevices have been
added over time. Also note that Jervis Bay was $iasnpled in 2002.

To calculate indices of the relative abundancebal@ne in the fixed areas within zones of Region
1, a generalised linear model was developed (Wugtbn and Andrew, 1997; Worthingten al,,
1998). This model describes the number of abalomach area as a series of independent Poisson
variables, with a laglink, and an additional parameter to account feeralispersion of the
observations. Variables included in the model araryzone, area and diver for each count to
enable a parameterisation which summarises the ewunfbabalone in each year and region as a
proportion of the initial number of abalone in earba. Time-series of indices of abundance from
these surveys have been presented annually inroesassessments (e.g., most recently in: Liggins
and Upston, 2006; Ferradt al, 2007).

These data are presented for each of the 3 re@rRons Stephens, Sydney and Kiama) for which
time series exist for the period 1994 — 2005.

3.2.4. Comparisons among alternative indices of abundarexed model-based estimates
of biomass

Correspondence between annual commercial catcle 4i883; abundance of abalone (all size-
classes) relative to 1994 from independent survapsndance of abalone 00 mm length)
relative to 1975 from diver interviews was examimgephically and aided by the calculation of
correlation coefficients. The range of years ovdliclw each comparison could be made was
limited by the overlap of the relevant data sertegnmercial catch v independent surveys (1994 —
2002); commercial catch v diver interviews (1982002); independent surveys v diver interviews
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(1994 — 2003). Note that for Zones G and L, whittle lor no information exists from independent
surveys, only the comparison between commercialhcatdiver interviews (1983 — 2002) was
done.

3.3. Results

3.3.1. Diver interviews — morbidity/mortality events anddden declines in abundance

Observations relating to morbidity and mortality lofacklip abalone and sudden declines in
abundance are summarised in Table 3.1. An impogsapéct of this summary table is degree of
certainty associated with recollections of specifears by divers. Many divers reported that
observed events occurred in “approximate” yearspavided a range of years. The years
associated with documented reports from the NSWefies Regional Veterinary Laboratory are
particularly reliable and are highlighted. Also Hlighted are the ranges of years in which
morbidities/mortalities of “100s” or “1000’s” of albne were reported by divers, but restricted to
events that were not associated (by the diverd) myitlones, floods or mortalities of hon-mollusc
species such as urchins.

Port Stephens

Only 4 out of 14 divers who specified Port Stephassone of their main diving areas reported
dead or dying abalone. Each of these 4 divers vbdedead or dying abalone in F1 and the
northern part of F2 (Yacaba Head to One Mile Bea©me of these divers reported deaths (but the
scale of the event was not specified) across 2 ciasses at Boulder Bay in approximately 1994
and a single “sick” abalone on the south side nfé&i Island in approximately 1994.

The only observations of mortalities on a largdes¢ee., specified by divers as 100’s — 1000’s of
abalone) occurred around 2000. Two divers repartedalities on this scale in Sub-zones F1 and
F2 (southern portion of Port Stephens), one norimgahe year as 1999 or 2000 and the other
approximately 2000. A third diver observed “sickiadone in the same area in approximately
2000. Sudden declines in abundance of abalone actide of 100’'s — 1000’s were reported for the
years 2000, 2001 and possibly 2002. For subsequsntin this report, these observations are
collectively referred to as tf@000 mortality event” at Port Stephens

There were no samples of morbid or dead abalonentdkom Port Stephens for further
investigation.

Central Coast

More than half the number of divers (8 out of 15ovepecified the Central Coast as a main fishing
area) observed dead or dying abalone in this aneatly in Sub-zones G3 and G4 (Terrigal to
Broken Bay). Mortalities in the early to mid 198®®re reported by 3 divers. One diver reported
100’s of abalone dead after cyclones in the ea®801s. Another diver reported 1000’s of dead
abalone and sea-urchins in approximately 1983 in 8% Terrigal to Broken Bay area (Sub-zones
G3 and G4). A third diver reported a small-scaletality (< 10 abalone) of abalone washed up on
Shelly beach (Sub-zone F4).
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Table 3.1. Mortality / morbidity events and sudden declinesabundance of abalone reported by divers duringniidws and based on laboratory
reports from the NSW Fisheries Regional Veterinaaporatory, Wollongbar. * denotes a non-commerdiakr; ~ denotes approximate

year; dark-grey shading denotes information fromakmoratory report; light-grey shading denotes taege of years in which mortality /

morbidity events of order 100’s or 1000’s were mgd (that were not associated with cyclones, flomdmortalities of urchins).

Location Diver Mortality / Morbidity Sudden decline Comments
Subzone Area Year Season Scale Size-class Other Spp Year
Port Stephens
F1,F2 PSsth M - - - - - 1991
F1 Boulder Bay T ~1994 - - all - -
F1 Sth Fingal Is T ~1994 - <10 all - ~1992-1996 Localised decline ~1992 to 1996 (illegal fishers)
F1,F2 PSsth MM* - - - - - 1990s
F1,F2 PSSth GF* - - - - - 1997 or 1998
F1,F2 PSsth BD 1999 or 2000 winter 100's to 1,000's all - 1999 or 2000 Some of dead abalone with research tags from reseeding progran
F1,F2 PSsth T - - - - - 2000 Decline in large-size abalones (100's to 1000's)
F1,F2 PSsth GF* ~2000 winter  100's to 1,000's - ~2000 Large seas ~2000
F1,F2 PSsth MM* ~2000 ("sick" only) 10's - - Abalones "shrinking” in their shells
F1,F2 PSsth BB* - - - - - 2001
F1,F2 PSsth SB* - - - - - ~2001 Large decline (1000's)
F1,F2 PSsth Js* - - - - - Dec 2001 or 2002 Large decline (1000's)
Central Coast
G Swansea to Broken Bay A early 1980's - 100's all - - Cyclone
G3,G4 Terrigal to Broken Bay Al ~1983 or 1985 - 1000's all Urchins, Turbans mid 1980's Dead & dying molluscs at STP outlet (poor water quality?)
F4 Shelly Beach BH* mid 1980s - <10 large - 1980's
G3 Terrigal (Skillion) A - - - - - 1985
G1, F3, F4 Swansea/ Newcastle T - - - - - 1986
G3 Terrigal LG* - - - - - by ~1988
G3 Terrigal BH* - - - - ~1990 Decline ~ 1990 followed sand-up event
G3 Terrigal BM 1991 or_1992 summer 1000's >75 mm - 1991 or 1992
Terrigal (sth of STP) to Sydney AL 1992 - 10's to 100's - Mortalities first noticed at Terrigal
G3 Terrigal BO 1992 or 1993 summer 1000's most large -
G3 Terrigal (Skillion sth) BN 1992 or 1993 - 1000's all - 1992 or 1993
G4 Little Beach (nth of Hawkesbury) AX ~1994 or earlier - >50 mm - -
Gl Swansea BN - - - - - 1994 or 1995
Sydney - Wollongong
J2-J5  Port Hacking to Wollongong K - - - - - 1987 Decline in abalones Port Hacking to Wollongong
H1 North Head AX ~between 1987-1991 - - - - -
H1 North of Sydney AL - - - - - - ~1992-1994 10's to 100's empty shells nth of Sydney

H1,H2

Sydney Heads 1993

summer - by 1993 Localised declines at some spots (100's)

J5 Coledale ~1994 or 1995 summer - all - -

Bv* - - - - - - ~1996 empty shells Little Marley to Stanwell (illegal fishers?)
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Table 3.1.

(Cont'd)

Location Diver Mortality / Morbidity Sudden decline Comments
Subzone Area Year Season Scale Size-class Other Spp Year
Kiama
K2 Minamurra (off land mass) K 1972 - 1000's all - - Floods
K4 Gerringong E - - - - - 1986-1988 Abalones slow growing, 6 mo instead of 6 wks to reach legal-size
K3,K4  Kiama Bv* - - - - - ~1988
K2 Minamurra o bet. 1988-1989 - - - - - Abalones with unusual marks on foot & deformed shells
(abnormal only) -
K3,K4  Kiama BV* - - - - ~1992
K2 Minamurra E - - - - - by ~ 1992 or 1993
K4 Walkers Beach M ~1994 100's to 1000's - ~1994 Large decline over 3 months
K3 Railway Bay BO 1995 or 1996 -
K3, K4
K3 Loves Bay X - - 1995 or 1996 Large decline in juveniles (1000's & 1000's); empty shells seen
K3,K4  Kiama BP 1996 or 1997 100's large - Dozens of dead/dying abalones at several spots
K4 Gerringong to Crookhaven Bight Al - - - - - 1990's empty shells seen (100's to 1000's), all sizes
K4 Gerrora/Black Head K ~1998 (abnormal only) - - - - - Abalones shells deformed
K4 Walkers nth X - - - - - ~1998 No abalones at best drops
K3,K4  Kiama BN - - - - - by 1998
K3,K4  Kiama BN - - - - - - In 2000 empty shells seen (1000's), all sizes
Jervis Bay
L4 Stoney Creek BN - - - - - - Bet ~2000 to 2001 empty shells seen (1000s)
L4 Sth Stoney Creek (Cape St George) CL - - - - - - In ~ 2001 empty shells seen (100s), all sizes (suspect poisoned?)
L4 Stoney Creek (centre of bay) CL - - - - - - In 2000 or 2001 empty shells seen, all sizes
L4 Nth Stoney Creek BM - - - - - - Empty shells seen, all sizes (suspect poisoned?)
L4 Nth Stoney Creek (old lighthouse) CP - - - - - - Empty shells seen (<10), all sizes
L2 & L4  Jervis Bay BN - - - - - 2001 Dramatic decline (concentrated commercial fishing)
L2 & L4  Jervis Bay CL - - - - - 2001 Large decline (100's to 1000's); abundance 50% of previous year
L4 Bowen Is to Wreck Bay CP - - - - - 2002 Decline (100s) noticed over 6 months
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During the period 1991 — 1993, 4 divers observedelacale mortalities of abalone (100's —
1000's) between Terrigal and Broken Bay (southeart pf Sub-zone G3 and in G4). One diver
was certain of his observation in 1992. The othedi&rs recalled that mortalities occurred
sometime within a 2-year period (1991-92 or 1992-83fifth diver also nominated mortalities in
this area in approximately 1994 or earlier. Twodlehalone were taken from the base of “The
Skillion” at Terrigal and were examined at the NS\§ficulture Regional Veterinary Laboratory
at Wollongbar. The laboratory report (Laboratorpae WN92/1337, see Appendix 4 in Section
12.4.1) states thdOther examples were seen to be lying on the botsbell down either dead or
near death. The bottom was littered with a largenber of empty shells. Fish activity appeared to
be normal. Ocean temperature was wartRdllowing histological examinatiofRerkinsussp. was
identified in both specimens and the report cormiLitBuspected Perkinsusp. infection. The
contribution of this infection to the mortality drlem is uncertain.”

The mortality event or events between approximal®l91 and 1993 observed by divers on the
Central coast and confirmed by the “history” statemin the laboratory report in 1992 is
subsequently referred to in this report as“tt892 mortality event” on the Central Coast

Sydney to Wollongong

Only 3 out of 14 divers who specified Sydney to Wiagong as one of their main diving areas
reported observations of dead or dying abalone.eNemere specific about the scale of the
mortalities observed. One diver reported recentigddabalone at North Head, some time between
1987 and 1991. A second diver observed dead/dyiradoae during 1993 at Sydney Heads.
Another diver reported dead abalone in approxingat€l94-95 to the south of Wattamolla near
Coledale (J5). Divers also noted seeing patchesnptty shells (10’s to 100’s) at locations where
mortalities had been reported (Sub-zone H1 in apprately 1992 — 1994; J3 and J4 ~1996).

In May 1993, following reports of dead and dyingame between Era and Coledale (Sub-zones
J3 — J5) a sample of 4 abalone specimens was tamll@ffshore from Coalcliff (Sub-zone J5)
from an area containing “dead shell”. One of thebdlone examined by the Veterinary Laboratory
containedPerkinsuslike organisms and the description of histologgdmsistent withPerkinsus
trophozoites (Laboratory report WN93/1341, see Aygpe4 in Section 12.4.2).

The mortality event or events observed by diveimuad 1993 in this area are subsequently
referred to in this report as thE993 mortality event” in the Sydney-Wollongong are.

Kiama

Four out of 15 divers who specified Kiama as onehefr main diving areas reported dead or
dying abalone. One diver observed a large-scal¢atitgrof abalone off Minnamurra (K2) in 1972
associated with major storms and flooding of theri

The second and broad-ranging event occurred inz8nobs K3 and K4 in the mid 1990’s. Three
divers observed dead or dying abalone between 38841997 (one nominated approximately
1994, one nominated 1995 or 1996 and another 10269¥). Two divers hominated the scale of
these mortalities in the 100’s or 1000’s. Two dévegported specific locations (Walkers beach in
Sub-zone K4, Railway Bay in Sub-zone K3). Otheratamns where 1000’'s of empty abalone
shells and co-incident localised declines were eskeby 2 divers included Love’s Bay (Sub-zone
K3, summer 1995 or 1996) and Walkers (Sub-zonea§groximately 1998 and in 2000).

Following a reported mortality event in 1996, aatavf 13 abalone were collected from several
locations within the Kiama area and examined byMbterinary laboratoryPerkinsusinfections
were detected in 10 of the 13 abalone examined. répert (WN96/1001, see Appendix 4 in
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Section 12.4.4) states that in some specimens twaee “severe inflammation and necrosis”
associated with the infections.

The mortalities observed by divers at Kiama innfid 1990s are subsequently referred to in this
report as thé1996 mortality event” in the Kiama area.

Jervis Bay

None of the 15 divers who specified Jervis Bay @ af their main diving areas reported dead or
dying abalone. However, 6 divers noticed up to 1604000’s of empty abalone shells at one
location on the southern side of Jervis Bay at 8to€6reek in 2000 or 2001 (Sub-zone L4).
Curiously, 2 divers reported that they found 6 oplastic bottles with holes drilled in the lids,

wedged under ledges at this location. These dirgsed the possibility of poisoning based on
these observations.

Sudden large-scale declines in abundance of abalere observed by several divers during 2001
and 2002. Because no direct observations of maybdgi mortality were made at Jervis Bay, the
sudden declines in abundance observed at thisidocate subsequently referred to in this report
as the “2000 — 2002 sudden decline in abundanc#érats Bay.

3.3.2. Fishery-dependent catch, effort and CPUE

Catches from the southern component of Region h€Zd- — L, i.e., Port Stephens to Jervis Bay)
dominated the total catches of abalone from Regjialuring the period 1983 to 2002 (Fig. 3.2).
During this period, annual catches from the soutltemponent (Zones F to L) represented greater
than 77% of the total annual catches from Regidtas only in 2003, following the closure of
Zones F to L that the relatively small catches frtvm northern part of Region 1 (Zones A to E)
became dominant — Zones A to E being the only carapbof Region 1 open to fishing.

Annual catches from the southern component (ZoneslF of the fishery in Region 1 have

decreased from 125 t in 1983 to 4 t in 2002 (Fig).3Note that the minimum legal length for
abalone increased in 1986 and again in 1987 andh&antroduction of quotas and total allowable
commercial catches (TACCs) would have had a negiatipact on catches during this period (Fig.
3.2).

The close relationship between catch and efforivben 1983 and 2003 for Region 1 is
particularly striking (Fig. 3.2). This is appardot both the northern and southern components of
Region 1. The positive correlation between annatdtcand effort for the southern component of
Region 1 (Zones F — L) between 1983 and 2002 v&& @.< 0.01,R? = 0.89). CPUE (kg/hr) was
relatively constant across the period 1988 to 2fl02tuating within the range 18.3 — 25.4 kg/hr
with a mean 22.0 kg/hr. Prior to 1988, when therantr minimum legal length of 115 mm was
introduced, CPUE was greater and up to a maximughr in 1984 (Fig. 3.2).

Catch, effort and CPUE data for individual zoneshi@ southern section of Region 1 (Zones F —
L) are shown in Figure 3.3. Annual catches andrefi@re positively correlated for each of the 6

zones (R in range 0.93 — 0.96’ iR range 0.86 — 0.9% < 0.01 for each zone). Consequently, as
for the catch and effort data summed across theisesz CPUE within each zone was relatively
constant during the period 1988 — 2002, havingeesad from greater levels during the preceding
5 years (Fig. 3.3).
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Figure 3.2.  Total reported commercial catch of abalone (grg) effort (black filled circles)
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changes (minimum legal lengths and TACCSs) in tisbdry are annotated. Note
that an area-based TACC was set for Region 1 (48d)for Regions 2 — 6 (286 t)
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There is, however, a difference among the pattefreatch (and effort) for Zones F — G. During
the 1980’s, significant catches came from all zoBgsthe mid 1990’s, effort in Zones G, H and J
had declined markedly, with the 1995 catch frons¢heones representing only 1 — 9% (Zone G:
9%; Zone H: 1%; Zone J: 9%) of the mean annuahcdtring the 1980’s. In the mid 1990’s catch
and effort in Zones F and K dominated the regionth late 1990’'s catch and effort had declined
in Zone F and Zone K with the majority of effortilog expended in Zone L, 90% of the catch
coming from Zone L by 2001. In the first 10 montfs2002, prior to the total fishing closure
implemented for Zones F — L in November, the totdth of 3.7 t from this component of Region
1 represented just 3.9% of the average catch amthiguring the 1980's.

The pattern is one of progression of effort andltdtom zone to zone. Declines in effort and
catch in Zones G, H and J (Central Coast, Sydneyllongong) by the early 1990s were followed
by increases in effort and subsequently catches #ones F and K (Port Stephens and Kiama) in
the mid 1990s. Declines in catches from these zimtm late 1990's was followed by an increase
in effort into Zone L (Jervis Bay) during 1999 -0 effort and catch then declined here in 2002.

If annual catch within a zone is used as an indeaboindance of abalone, then ratios of catch
calculated between the commencement of the timessef catch data (1983) and the year prior to
the nominated mortality events identified for eadme, provide estimates of biomass depletion
(Table 3.2). Note that depletion was not estimdtedZone L because catches increased in this
zone during 2000 and 2001. Depletions of biomassesimortality events, based on annual
catches, were not calculated because the cloufeshing implemented in 1996, 1998 and finally

the closure of Zones F — L in 2002 resulted in zatehes independent of abundance.

Estimated depletions of abalone prior to the noteihanortality events in each zone ranged from
0.14 — 0.62 with a mean depletion of 0.35 (Tab®.3Thus, an estimated 65% of the biomass of
abalone in 1983 was removed prior to the mortalitgnts identified in Zones F — K of Region 1.

Table 3.2. Depletions of catch prior to significant mortalégyents identified for zones within
Region 1.
Zone Year of Depletion of catch Depletion of catch
“Mortality Event” PRIOR TO SINCE
“mortality event” “mortality event”
Zone F “2000” Ciggg/ Ciogs: 0.14 -
Port Stephens
Zone G “1992” Cioo1/ Crogs: 0.38 -
Central Coast
Zones H & J “1993” Cigg2/ Ciogs: 0.27 -
Sydney-W’gong
Zone K “1996” Cioos/ Crogs: 0.62 -
Kiama
Zone L 2000 - 02 * -
Jervis Bay
Mean : 0.35 -

* sudden decline in abundance during 2000 — 0Zfame L, Jervis Bay — there was no observed morbidity
/mortality of abalone directly observed by diverslaeported during interviews.

Project No. 2004/084 Perkinsus-related mortalityptzfcklip abalone, Liggins G.W. & Upston J.
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3.3.3. Fishery-independent surveys of abundance

The distribution of fixed survey sites within Regid is shown in Figure 3.4. This clearly depicts
the concentration of fixed sites adjacent to PtepBens, southern Sydney, Kiama and Jervis Bay.

Abundance of abalone (all sizes combined) at $iteZone F (Port Stephens), declined between
1994 and 2001 by approximately 89% (Fig. 3.5). 82001, depletions of abalone relative to
1994 have been remained between 7% and 24% of [£984. Abundance of abalone at sites
within Zone J (southern Sydney), declined betwe#d6land 2006 by an estimated 65% (Fig. 3.5).
The decline at survey sites in Zone K (Kiama) wpagraximately 73% between 1994 and 1999
and abundances since that time have remained be®®886 and 33% of 1994 levels (Fig. 3.5).

At each of the 3 locations patterns of abundancenadll and medium size-classes of abalone
closely mirror the declines of all abalone (théZ&slasses combined). This is because the counts
of small and medium abalone are very much grehtar tounts of large abalone at the fixed sites
(crevices). For example, in 1996, means of 52 snid@l medium and 7 large abalone were
counted at fixed sites in Region 1. Respectivdigse counts represent 27%, 69% and 4% of the
total counts of abalone. This explains why the gfieatuations in the abundance of large abalone
(relative to 1994 at Port Stephens and Kiama, atative to 1996 at Sydney) have negligible
impact on patterns of abundance for total abal&iwg 8.5).

Based on indices of abundance of abalone from rjsinelependent surveys at Port Stephens
(Zone F) and Kiama (Zone K), depletions in the alaunte of abalone may be calculated between
the year prior to the nominated mortality eventd aarvey year 2006 (Table 3.3). Depletions
could not be estimated for Zones G and L due tdatie of survey sites in these zones. Depletions
could not be estimated for Zones H and J becausefishery-independent survey did not
commence until several years after the “1993 migytalent” at Sydney-Wollongong. Depletions
of biomass prior to mortality events could not ladécalated using data from independent surveys
due to the absence of survey data prior to 1995.

Estimated depletions of abalone between commendemfii@mortality events and 2006 in Zones F
(Port Stephens) and K (Kiama) were 0.29 and 0.2Bewtively, with a mean depletion of 0.26
(Table 3.3). Thus, on average, an estimated 74%hebiomass of abalone present in the year
prior to nominated mortality events, was removedd{ed) by 2006.

Perkinsus-related mortality of blacklip abaloneggins G.W. & Upston J. Project No. 2004/084
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Table 3.3. Estimated depletions of abalone, based on indideabundance from fishery-
independent survey, since significant mortalityregedentified for zones within
Region 1.
Zone Year of Depletion of Index Depletion of Index
“Mortality Event” PRIOR TO SINCE
“mortality event” “mortality event”
Zone F “2000” - looos/ l1999: 0.29
Port Stephens
Zone G “1992” - -
Central Coast
ZonesH & J “1993” - -
Sydney-W’gong
Zone K “1996” - I2006/ l1995: 0.23
Kiama
Zone L 2000 -02 * - -
Jervis Bay
- Mean : 0.26

* sudden decline in abundance during 2000 — 0Zfame L, Jervis Bay — there was no observed
morbidity /mortality of abalone directly observeg divers and reported during interviews

Project No. 2004/084 Perkinsus-related mortalityptzfcklip abalone, Liggins G.W. & Upston J.
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3.3.4. Historical trends in abundance from interviews ofwérs

Based on the structured interviews with divers \hd histories of harvesting abalone in Region
1, indices of abundance relative to 1975 were tatled for Zones F — L (Fig. 3.6). Note that the
numbers of divers contributing information to thésdices in any given year in any given zone
ranged between 1 and 7. Thus the reliability ofdbmponents of these time-series that are based
on estimates from few divers must be regarded gdtition. This particularly applies to the 1970’s
and 1980'’s for Zone F (Port Stephens) and Zonetvig Bay).

The overall pattern is one of declining abundarfcab@alone within each zone between 1975 and
the 2003. Importantly, relative to 1975, these dediof abundance based on the observations of
divers interviewed suggest substantial depletidnstacks prior to the mortality events observed
by these same divers (Fig. 3.6). The accuracyettiimated depletion in Zone L (Jervis Bay) is
questionable given that the decline was estimatad the recollections of only 1 or 2 divers prior
to the year 2000.

Based on these indices, depletions in the abundafralealone may be calculated: (i) between the
commencement of the time-series (1975) and the pgar to the nominated mortality events

identified for each zone; and (ii) between the ypdor to the nominated mortality event (or

sudden decline in abundance) and the most recerdysyear (2002 for Zone L — Jervis Bay and
2003 for all other zones) (Table 3.4).

Estimated depletions of abalone prior to the notehanortality events ranged from 0.17 — 0.67,
with a mean depletion of 0.37 (Table 3.4). Thusgatimated 63% of the biomass of abalone in
1975 was removed prior to the mortality events fiifiedl in Zones F — L of Region 1. Estimated
depletions of abalone between commencement of litpréaents and 2003 (or 2002 for Zone L)
ranged from 0.04 — 0.35, with a mean depletion.22 §Table 3.4). Thus, on average, an estimated
78% of the biomass of abalone present in the year po nominated mortality events, was
removed (or died) by 2003.

Perkinsus-related mortality of blacklip abaloneggins G.W. & Upston J. Project No. 2004/084
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interviews with divers. Numbers above graphs in@idhe number of estimates

from individual divers that contributed to eachimste of annual change in

abundance. 78% of the biomass of abalone preseaheigear prior to nominated

mortality events, was removed (or died) by 2003.
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Table 3.4. Estimated depletions of abalone, based on indafesbundance from diver
interviews: prior to, during and since significambrtality events identified for
zones within Region 1.

Zone Year of Depletion of Index Depletion of Index
“Mortality Event” PRIOR TO SINCE

“mortality event” “mortality event”
Zone F “2000” l1900/ | 1075: 0.17 boos/ 1999 0.16
Port Stephens
Zone G “1992” l1991/ l1975: 0.32 boos/ l1g91: 0.04
Central Coast
Zones H & J “1993” l1992/ l1g75: 0.67 boos/ l1gg2: 0.22
Sydney-W’gong
Zone K “1996” l1095/ l1975: 0.38 boos/ l1ge5: 0.35
Kiama
Zone L 2000 - 02 * $ooo! l1975: 0.33 boo2/ 12000 0.33
Jervis Bay

Mean : 0.37 Mean : 0.22

* sudden decline in abundance during 2000 — 0Zfame L, Jervis Bay — there was no observed morbidity
/mortality of abalone directly observed by diverslaeported during interviews.
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3.3.5. Comparison among alternative indices of abundanaedamodel-based estimates of
biomass

Plots of annual catches (1983 — 2002), indicesbahdance from the fishery-independent survey
(1994 — 2006) and indices of abundance generated the interviews with divers on single
graphics for each zone highlight the consistendwéen these time series (Fig. 3.7). Note that the
units of the fishery-independent survey indiceseménst standardised to the units of the indices
from diver interviews to aid graphical comparison.

For Zones F — K (Port Stephens — Kiama), the cpaedence among trends in catch and the 2
other indices of abundance, for years in which tilree-series overlap, is remarkable. Positive
correlations between (i) “catch” and “diver intewi”; (ii) “catch” and “independent survey”; and
(i) “diver interview” and “independent survey” mge between 0.73 and 0.99 (P < 0.01 for all
correlations) (Fig. 3.7). The single exceptionriZbne L (Jervis Bay) where catch peaks in 2000
and 2001 against the trend in abundance estimaigdifiterviews with divers.

The positive correlations between indices of abundafrom diver interviews and the fishery-

independent survey (0.98 for Zone F, Port Steph@®g; for Zones H and J, Sydney-Wollongong;
0.99 for Zone K, Kiama) indicate consistency betwtese two indices. Therefore, the indices of
abundance based on the recollections of diversxgunterviews could be considered reliable to
the extent that they are validated against indilezs/ed from the independent surveys.

The positive correlations between indices of abuonddrom diver interviews and catches suggest
that changes in annual catches within Zones Fbekyeen 1983 and 2002, may reflect changes in
abundance of abalone. This would be consistentavitbenario of serial depletion of abalone from
reefs and zones within this component of the figher

There was remarkable consistency between 3 diffestimates of depletion of abalone stocks
prior to the mass mortality events identified icleaone from the early 1990'’s that were based on:
annual catches, diver interviews and model-basstk sissessments. Depletions based on annual
catches, relative to 1983, averaged 0.35 (rangk-0(.62 for individual zones). Depletions based
on diver interviews, relative to 1975, averaged/Qtange 0.17 — 0.67 for individual zones). The
model-based estimate of depletion of legal (> 11% hangth) biomass in Region 1 in 1998,
relative to virgin, was 0.36 (90% C.I: 0.20 — 0.@Worthingtonet al, 1999). Note that model-
based estimates of depletion in Region 1 were alsailable in subsequent years up until 2000, at
which time biomass of legal-size abalone was deglat an estimated 0.18 (90% C.I: 0.09 — 0.35)
of virgin biomass (Worthingtoat al, 2001).

Estimates of depletion of abalone stocks sincenthes mortality events identified in each zone
from the early 1990's were available from 2 sourdéshery-independent surveys and diver
interviews and these estimates were remarkablyistens. Depletions based on the fishery-
independent surveys of abundance averaged 0.28 é.Zort Stephens and 0.29 at Kiama).
Depletions based on diver interviews 0.22 (ran@d 6.0.35 for individual zones).
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3.4, Discussion

3.4.1. Identification of mortality events

Several large-scale mortality events (100’s or 1900dead / dying abalone observed) prior to the
1990’s were identified by divers during intervie&able 3.1). On the Central Coast, 2 divers
observed mortalities in the early 1980’s with oseaxiating these mortalities with a cyclone and
the other diver associating mortalities, which ualdd dead urchins and turban shells, with poor
water quality from a sewage treatment outlet. Aaottiiver recalled large-scale (1000's of dead
abalone) mortalities of abalone on reefs adjaceilinnamurra River at the time of significant
flooding and consequent outflow of low-salinity watSuch observations suggest the importance
of weather-driven mortality events and other faste.g., poor water quality) that may impact
abalone stocks from time to time.

Another set of mass mortality events was obseryedibers post-1990 and were associated in
several instances with the presence of the pratigtaasitePerkinsusjdentified by histology by
the NSW Fisheries Regional Veterinary Laboratoryo(fdhgbar). These mortality events were
reported by multiple divers and the years in whilifers observed these mortality / morbidity
events within specific zones were consistent, takimo account the certainty/ambiguity that
divers associated with their recollection of specgyears. Thus, significant mortality events were
identified in: 1992 on the Central Coast; 1993 drigy-Wollongong; 1996 at Kiama; and 2000 at
Port Stephens. Histology detected the presen&edinsusin abalone from: the Central Coast in
1992; Sydney-Wollongong in 1993; and Kiama in 1986. samples of abalone were collected
during 2000 from Zone F (Port Stephens) during “@@00 mortality event” but a subsequent
survey in 2002 detectdderkinsus(see Chapter 4). No observations of dead or dgbejone at
Jervis Bay were made by divers who were interviewdnbse divers did, however, observe sudden
declines in abundance and significant numbers gftgrabalone shells” during 2000 — 02. This
event is referred to as the “2000 — 02 sudden mkedfi abundance” at Jervis Bay. Note, however,
that inferences regardiRerkinsusrelated mortality at Jervis Bay (Zone L) are camfded by the
mortality due to exceptional fishing effort durir@p00 and 2001 here. As for Port Stephens,
Perkinsuswas subsequently detected in abalone sampledJeovis Bay in 2001 (see Chapter 4).

Following the observed mortality events and dedliimeabundance within each zone, fishing effort
and therefore the presence of commercial diversedsed, eventually to zero with the total
closure of Zones F — L. It is also likely that thiort of recreational divers specifically targefin
abalone decreased in response to decreased abasdafnabalone in the years preceding the
closure. Thus, the opportunity for commercial abelalivers or recreational divers to make
observations of additional mortality events in thbowing years was substantially reduced. Thus,
there is little evidence to suggest whether or awbditional mortalities occurred in the years
following the initial mortality events identifiedyldivers.

Based on the interviews of divers, we make sevamatlusions regarding sources of mortality for
abalone during 2 periods of the fishery: (i) theiqu prior to; and (ii) the period following, the
significant mortality events observed during th®Q8. Firstly, there was a level of “background”
natural mortality that occurred during both pericatsd due to a variety of factors including
physical disturbance due to storms, sudden dropalinity on reefs adjacent to estuaries in flood,
coastal pollution, and predation. Secondly, the&# of mortalities due to fishing on abundance
of abalone were significant both prior to and sitloe observed mortality events in the 1990’s.
Finally, the significant mortality events identifieduring the 1990’s (associated with but not
necessarily due tBerkinsu3 were, by definition, a source of mortality assded only with the
second period. Thus, against a background of rlatm@tality and negative impacts on
recruitment, declines in abundance of abalone poidhe observed mortality events in the 1990’s
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are attributed largely to fishing mortality and lilees since the observed mortality events are
attributed to a combination of fishing mortality dathe observed mortality events. Note that
fishing mortality includes mortality from commerkieecreational and illegal fishing.

3.4.2. Reliability of indices of abundance

There are several assumptions associated withsthefuindices of abundance derived from annual
catch data, counts of abalone from the fisherysedeent survey and from diver interviews.

The assumption that changes in annual catch freoma reflect changes in abundance in that zone
requires careful consideration. If stocks are fakploited and divers move their effort from one
location to another once abalone have effectivelgnbharvested (depleted) at the first location,
that is, a scenario of serial depletion, then catithcrudely reflect stock abundance. Under such
circumstances, catch has been used as an indeluofiance in other abalone fisheries (e.qg.,
Shepherd and Rodda, 2001). These authors also qairihat declining catch is a necessary but
not sufficient indicator of declining abundanceeAhere reasons for declining production that are
unrelated to abundance? Testimony from divers dunterviews was generally that, as abalone
abundance decreased in one area, they would mowvethier areas — consistent with the
assumption. Another obvious consequence of thieasae of serial depletion is that catch rates
calculated for a particular spatial unit will be intained for that spatial unit until all productive
reefs in that unit are depleted and at that pdiiorteshifts to another spatial unit. This situatio
occurred in Zones F — L of Region 1 during the 1890the pattern of progression of effort and
catch from zone to zone (Section 3.3.2 and Fig. ®8clines in effort and catch in Zones G, H
and J (Central coast, Sydney, Wollongong) by thily d®90s were followed by increases in effort
and subsequently catches from Zones F and K (Reph8ns and Kiama) in the mid 1990s.
Declines in catches from these zones in the |a@®'$9wvere followed by an increase in effort into
Zone L (Jervis Bay) during 1999 — 2001. Effort aradch then declined here in 2002. Catch and
effort were highly positively correlated over tinme all zones and CPUE was maintained or
decreased less steeply than catch and effort im zate (Fig. 3.3).

The main issue concerning indices of abundance trammfishery-independent survey is one of
potential bias that may result from the fixed syrsites not being randomly distributed in zones or
across Region 1 (Fig. 3.4). Fixed sites are cladtén the northern component of Zone F, the
northern component of Zone J and the southern coemg@f Zone K.

Accuracy of indices of abundance derived from diveterviews are generally based on
recollections of divers. Only in a few cases dided$ access written records to inform their
memories. Thus precision and bias are potentisdlyds here.

Despite the assumptions and uncertainties assdaiatie the alternative indices of abundance, the
significant positive correlations among the 3 seiiEig. 3.7) for all zones (excluding Zone L,
Jervis Bay) provides some confidence in the commhss drawn from these series regarding
depletions of biomass.

3.4.3. Depletion of stocks prior to observed mortality ate

There is no doubt that stocks of abalone declinddtantially due to fishing prior to the observed
mortality events in the 1990’s. Depletions in Zofes L estimated from declining catches, diver
interviews and the model-based stock assessmd®9ia ranged from 0.35 — 0.37. It is also likely
that estimated depletions from these three souncelerestimate the depletion of stock that
occurred between the 1960’'s and the 1990’s. Depistiestimated from annual catches were
relative to 1983 and those estimated from diveerinews were relative to 1975. Substantial
catches came from the fishery in Region 1 pridhtse years, particularly during the early 1970’s.
Thus, depletions relative to virgin levels of biasavould be greater. Similarly, the model-based
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estimate is likely to be an underestimate. The [adjmn model that generated this estimate was
calibrated using time series from the fishery—iredegent surveys, size-structures from commercial
catches and standardised catch rates from the canatnieshery (Worthingtoret al, 1999). There

is solid evidence of serial depletion of stockshat spatial scale of zones within Zones F — L of
Region 1 and the hyper-stability of catch rateswbenh 1983 and 1998. Calibration of the

assessment model using hyper-stable catch rate$d wbarefore lead to underestimates of

depletions.

Thus, it is concluded that stocks of abalone iné&R — L (Port Stephens — Jervis Bay) of Region
1 were depleted by more than 63% during the pepiodr to the mass mortality events that
occurred during the 1990's.

3.4.4. Depletion of stocks since observed mortality events

It is a clear conclusion that abalone stocks inesdR — L (Port Stephens — Jervis Bay) have been
massively depleted since the observed mortalitynsvén the 1990’s. Based on indices of
abundance from fishery-independent surveys andietbfrom diver interviews, abalone biomass
has been depleted by approximately 74% since therebd mortality events.

What remains unclear is the relative importance (dfthe cause of the observed mortalities
(Perkinsusor some other cause) and (ii) fishing mortalitpck of the mortality events identified
between 1992 and 2000 in Zones F — K of the fished/the sudden decline in abundance in Zone
L at Jervis Bay (Section 3.2.1) are immediatelycpded by, or are co-incident with increased
catches, following a decade of decreasing catchies.“2000 mortality event” in Zone F (Port
Stephens), the “1993 mortality event” in Zones Hl an(Sydney-Wollongong) and the “1996
mortality event” in Zone K (Kiama) were all immethly preceded by elevated catches (Figs. 3.3
and 3.7). The “1992 mortality event” in Zone G (8ahCoast) and the “2000 — 02 sudden decline
in abundance” in Zone L (Jervis Bay) were bothmgident with increased catches (Figs. 3.3 and
3.7). At the time of and since the observed mdytadivents in each zone, four factors were
contributing to declines in abundance: (i) the direnortality due to removals of abalone in
catches; (ii) the direct mortality associated vifte observed mortality event (causedH®grkinsus

or some other factor); (iii) decreased recruitmenthe stock compared to previous years due to
decreases in abundance of mature stock resultomg fi” and (iv) decreased recruitment to the
stock compared to previous years due to decreasabundance of mature stock resulting from

Compromised recruitment following significant dejpe of mature stock is well described for
abalone fisheries (Princet al, 1988; Hobdayet al, 2001; Mineret al, 2006). As dioecious
broadcast spawners, aggregation of adult abalondéesst than some critical density may
significantly compromise the probability of sucdesgertilisation (Princeet al, 1987; Miller and
Lawrenz-Miller, 1993). Moreover, evidence suggesbglone larvae have limited dispersal and
therefore localised recruitment (McShaeeal, 1988; Princeet al, 1988; Hamm and Burton,
2000; Chamberst al, 2006; Mineret al, 2006). The estimated 63% depletion of stocksdnes

F — L of Region 1 prior to observed mortality ewentollowed by a further 74% depletion
following the observed mortalities suggests thatemt depletions may be less than 10% of virgin
levels. If the current biomass of abalone is indeedrder of magnitude less than pre-exploitation
biomass and the generalisations about limited ladispersal and localised recruitment are
applicable in this fishery, then recovery of stoiskkkely to be a slow process.

Fishery-dependent catch and effort data has nat beailable since November 2002, due to the
closure of Zones F — L within Region 1. Moreoveng tfishery-independent survey was
discontinued after 2007. The need for addition&drmation about abundances of abalone in this
component of Region 1 is discussed in Chapter 7.
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3.5. Conclusions

« Mass mortalities of blacklip abalone, observed ivgid, occurred during the year (+/- 1 year):
1992 on the Central Coast, 1993 at Sydney-Wolloggd®96 at Kiama and 2000 at Port
Stephens. A sudden decline in abundance of abalame;companied by observations of
morbidities or mortalities, occurred at Jervis Blaying 2000 — 02.

« Stocks of abalone between Port Stephens and Rayisvere significantly depleted by at least
63%, due to fishing, prior to the documented mdasta&vents in the 1990'’s.

« Stocks of abalone between Port Stephens and Bayisvere depleted by approximately 74%
due to a combination of the documented mortalitgenés during the 1990’s and limited
fishing.

 The estimated 63% depletion of stocks prior to, ZA8lo depletion since the documented
mortality events, suggests that the stock of alealmiween Port Stephens and Jervis Bay may
have been depleted to less than 10% of virgin adnocel

e Given limited larval dispersal and localised rettngint in abalone populations, the recovery of
stocks of blacklip abalone between Port Stephedslarvis Bay is likely to be a slow process.
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4. IDENTIFICATION AND GEOGRAPHIC DISTRIBUTION
OF THE PARASITE PERKINSUS IN ABALONE IN NSW

4.1. Introduction

4.1.1. Species and life history

The genusgPerkinsusincludes several species of protistan parasitas ittiect many species of
marine mollusc throughout the world, some of whiglve been associated with mass mortalities
(Villalba et al,, 2004). Taxonomic and phylogenetic placement efgbnuderkinsuscontinues to
be debated. Levine (1978), having established teerug Perkinsus placed it in Phylum
Apicomplexa. More recent studies of taxonomic &ffibns of Perkinsus based on DNA
sequencing technology, have suggested a closdratidfn with the dinoflagellates than the
apicomplexans within a group of taxa referred totles alveolates which includes ciliates,
apicomplexans and dinoflagellates (Cavalier-Snii93). A new phylum, Perkinsozoa, to include
Perkinsusand other closely related taxa has even been pedpfNoreret al, 1999). However,
studies have continued to provide conflicting emicke regarding taxonomic placement of
Perkinsusand there remains no generally accepted concly$fiflalba et al, 2004). There are 5
species ofPerkinsus currently considered validP. marinus P. olseni (junior synonymP.
atlanticug, P. qugwadi P. chesapeakiand conspecificP. andrewsi and P. mediterraneus
(Villalba et al, 2004; Burresoret al, 2005). Recently, 2 new specid3, beihaiensisand P.
honshuensibave been proposed (Dungan and Reece, 2006; &ass2008).

The life cycle of Perkinsusspecies consists of 3 main life-stages (Fig. 4The following
description is based on the terminology and desarip of Villalbaet al. (2004) and Goggin and
Lester (1995). The trophozoiteccurs in the tissues of the live host. Vegetatveliferation
within the host involves successive bipartitionimigthe trophozoite to yield up to 32 immature
trophozoites (or merozoites) contained in a waills tmulticellular form being referred to as the
tomont or schizont. Upon wall rupture, the immattraphozoites are liberated and subsequently
become mature trophozoites (also referred to asmmr When infected host tissues are placed in
Ray’s fluid thioglycollate medium (RFTM), trophotes enlarge and develop a thick wall
becoming a hypnospoi@lso referred to as prezoosporangium). It isyattd that this may also
occur naturally in the tissue of moribund hosts sndnaerobic environments such as the gut or in
faeces and pseudofaeces within or external to\tbenbst (see Bushek al, 2002; Ragone Calvo
et al, 2003b). In seawater, the hypnospore developsaiimosporangium containing thousands of
zoospores Subsequently, these motile, biflagellated zoospaare released into the seawater
through one or 2 discharge tubules. Knowledge eflife cycle is incomplete. Under experimental
conditions, trophozoites free of host tissue cao @urvive in seawater and infect a susceptible
host (Chu and Lund, 2006). Whilst all three lifagd#s have been shown to cause infections in
shellfish (mostly oysters) under experimental ctods (Villalbaet al, 2004), the principal stage
for transmission of the disease in the naturalrenwment is unknown (Chu, 1996).
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Figure 4.1.  Life cycle of Perkinsusspp. Adapted from Goggin and Lester (1995), based
description by Villalbaet al. (2004).

Perkinsussp. has been identified in numerous mollusc sgeicieAustralia.Perkinsushas been
widespread in bivalve species in Queensland (Goggid Lester, 1987), northern Western
Australia (Hine and Thorne, 2000) and South Austréboggin and Lester 1993perkinsussp.
has also been identified in 4 species of abaloree(dip abalonéH. laevigatg, blacklip abalone
(H. rubra), H. cyclobatesand H. scalarig in South Australia (Lesteet al, 1990; Goggin and
Lester 1995), blacklip abalone in NSW (Callinan &atidos, 2006) and in a single instance on the
gills of an abalone in Western Australia (Handlingkal, 2006).

The original description oP. olseniwas based on microscopic observation and cultdire o
Perkinsusfound in blacklip abalone in South Australia (lexsand Davis, 1981). Subsequently,
molecular studies confirmdel. olsenias the species also infecting greenlip abalora tiee same
location and bivalve?Anadara trapeziaand Chama pacificusrom Queensland and the Great
Barrier Reef (Goggin, 1994; Goggin and Lester, 199&rrell et al, 2002).P. olseniand P.
atlanticus,conspecific based on DNA sequencing (Mureglial, 2002), are also distributed in a
variety of gastropod and bivalve hosts in New ZedlgDungaret al, 2007), Asia (Leethochavalit
et al, 2003; Parket al, 2005, 2006b), Portugal (Azevedo, 1989), SpainséSat al, 2002;
Elandalousset al, 2009) and Uruguay (Cremorge al, 2005).Perkinsusspecies have also been
reported from France and Italy but have yet to bsitiwely identified as. olseni(Da Ros and
Canzonier, 1985; Goggin, 1992).

Whilst Perkinsussp. infections have been identified in blackligl@ne in NSWP. olsenihas not
been specifically identified. However, given thendfication of P. olseniinfecting abalone in
South Australia, it has been assumed by many amarious reports (e.g., Andreet al, 1996;
NACA, 2004) that the species infecting blacklip lap@ in NSW is indeedP. olseni Based on
apparent variations in pathogenicityRérkinsus observed morphological differences and genetic
variation among isolates, it has been suggestaditbee may be multiple strains or more than one
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species ofPerkinsusinfecting molluscs in Australia (Dungan and Robersb993; Goggin and
Lester, 1995; Hine and Thorne, 2000). Thus, it showt be assumed that tRerkinsusspecies
infecting blacklip abalone in NSW B. olseni Identification by PCR, DNA probesn(situ) or
DNA sequencing (recommended method, OIE, 2009%edessary.

4.1.2. Perkinsus in NSW and history of surveys

Fundamental to investigatingerkinsusrelated mortalities of abalone in NSW are issues
concerning the identification of this parasite ibalne and variations in the prevalence of
Perkinsusinfections in abalone both spatially (geographiegeand at finer spatial scales) and
temporally among years.

Following observed mortalities and localised dedimf abalone stocks between the Central Coast
and Kiama during the 1990'®erkinsuswas first identified in abalone in NSW. Histologic
examination of 2 dead abalone collected durind'1882 mortality event” on the Central Coast at
Terrigal revealedPerkinsusinfections (Appendix 4.1 in Section 12.4.1 and [Eah1). Similarly,
samples of abalone collected immediately followithg “1993 mortality event” at Sydney-
Wollongong and the “1996 mortality event” at Kianadso tested positive t&erkinsusby
histology (Appendix 4 in Section 12.4 and Table)43ubsequent to these initial observations,
samples of abalone were collected from severatilmes for histological examination but sample
sizes were small, few sites were surveyed and tlséss were mostly within areas where
mortalities had been observed (Table 4.1). In 2@01gtal of 200 abalone were collected from
Kiama and Jervis Bay by NSW Fisheries &wtkinsudnfections were detected at both locations.
Thus, Perkinsuswas detected for the first time at Jervis Bay (Narervis Bay) in 2001 (Table
4.1). The broader geographic distributionRaErkinsusin abalone along the NSW coast was not
examined until 2002 and 2003 when complementaryeysr by NSW Fisheries and the NSW
component of the National Survey of Diseases inléim (Callinan and Landos, 2006; Handlinger
et al, 2006) were completed. The geographic range o$tineey done in 2002 by NSW Fisheries
was between Crowdy Head in the north and PrettycBét the north of Bateman’s Bay) on the
south coast of NSW. All abalone sampled were tegs@nty Ray'’s fluid thioglycollate assay on gill
tissue and histology was examined for a sub-sethalone collected as part of the NSW
component of the National Survey of Diseases inlddm (hereafter, NSDA). The latter study also
examined the histology of additional abalone coiddn 2003 between South Bateman’s Bay and
Eden (Table 4.1).

The 2002-03 surveys detectBdrkinsusinfecting abalone between Port Stephens and JBayis
corresponding to the zones within Region 1 of tisbefry in which mortality events or sudden
declines in abundance had been reported by diveisgdthe 1990’s and early 2000’s. Note that
the 2002 survey included limited sampling to nattPort Stephens (only as far north as Crowdy
Head) and extended no further south than NorthrBaés Bay. Thus, the presenceRsdrkinsus
infections in abalone further north and south aa d¢bast of NSW was not examined. Whilst the
supplementary sampling for the NSDA in 2003 dideext sampling to the south as far as Eden,
histology and not Ray’s test was used to indicagepresence dPerkinsusin these samples. It is
unfortunate that the 2002-03 surveys occurred dftermortality events identified in Chapter 3.
Nevertheless, these data provide the only broaé-stavey that can be used as a baseline for
comparison with data collected during the prestamtysin which the geographic range of sampling
is extended further to the north and south of NSWus, there was not only a clear need to update
(since 2002) the geographic rangePefkinsusnfections in abalone on the NSW coast, but to als
extend the range of the survey.
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Table 4.1. Previous surveys of the prevalence of Perkinswbalone and other mollusc species on the NSW cBhatded rows indicate the first year
in which Perkinsuswere detected at a location. * indicates thattasample of these abalone (from the 2002 survay®W Fisheries) were
examined using histology as part of the NSW compboéNational Survey of Diseases in Abalone (@alti and Landos, 2006; Handlinger

et al, 2006). Number of infections reported in thesé¢aneses refers to results from Ray’s test.

Location / Area Year Month Species Sampling Perkinsus + Reference
Sites N Method Sites n
Crowdy Head - Forster
Crowdy Head to Seal Rocks 2002 May H. rubra 6 120 Ray's + Histo* 0 0 NSW Fisheries 2002 survey; Histo: Callinan & Landos (2006)
Port Stephens - Broughton Is.
Broughton Is to Fisherman's Bay 2002 Feb-May H. rubra 5 101 Ray's + Histo* 2 6* NSW Fisheries 2002 survey; Histo: Callinan & Landos (2006)
Yaccaba Head and Shark Is 2003 Apr H. rubra 2 40 Ray's 0 0 Gill (2003)
Wanda Wanda Head to Stockton 2003 Apr Other spp. 5 190 Ray's 0 0 Gill (2003)
Sunny Corner 2004 Nov H. rubra 1 11 Ray's 1 2 NSW Fisheries 2004 site sample
Sunny Corner 2004 Nov  Other spp. 1 8 Ray's 0 0 NSW Fisheries 2004 site sample
Central Coast & Sydney
Terrigal (Skillion) 1992 May H. rubra 1 2 Histology 1 2 NSW Fish. Vet. Lab. report WN92/1337 (dead abalone)
Coalcliff 1993  June H. rubra 1 4 Histology 1 1 NSW Fish. Vet. Lab. report WN93/1341 (assoc. mort. event)
Swansea 1995 Nov H. rubra 1 1 Histology 1 1 NSW Fish. Vet. Lab. report WN95/3672
Forresters to Curracurang 2002 Feb-May H. rubra 5 100 Ray's + Histo* 2 4* NSW Fisheries 2002 survey; Histo: Callinan & Landos (2006)
Forresters to Skillion 2004 Apr H. rubra 3 76 Ray's 1 2 NSW Fisheries 2004 site samples
Kiama
Easts Beach to Gerringong 1996 Apr H. rubra 7 13 Histology 6 10 NSW Fish. Vet. Lab. report WN96/1001 (assoc. mort. event)
Kiama Blowhole to Black Head 1996 May H. rubra 3 30 Histology 1 1 NSW Fish. Vet. Lab. report WN96/1440 (assoc. mort. event)
Kiama Blowhole to Black Head 2001 Mar H. rubra 5 100 Ray's 2 2 NSW-Fish. 2001 Kiama & Jervis Bay survey
Bass Point to Gerroa 2002 Apr H. rubra 4 79 Ray's + Histo* 2 Al NSW Fisheries 2002 survey; Histo: Callinan & Landos (2006)
North Jervis Bay
Currarong 1996 May H. rubra 1 10 Histology 0 0 NSW Fish. Vet. Lab. report WN96/1440
Drumsticks to Pt Perpendicular 2001 May H. rubra 3 75 Ray's 1 3 NSW Fish. 2001 Kiama & Jervis Bay survey
Beecroft Head to Crocodile Head 2002 May H. rubra 5 100 Ray's 2 13 NSW Fisheries 2002 survey
Drum & Drumsticks Is & Bay 2003 Jun-Jul  H.rubra 2 30 Ray's 1 2 Gill (2003)
Drum & Drumsticks Is 2003 Jul Other spp. 1 7 Ray's 0 0 Gill (2003)
South Jervis Bay
Bowen Is 2001 May H. rubra 1 25 Ray's 0 0 NSW Fish. 2001 Kiama & Jervis Bay survey
Bowen Is to St Georges Hd 2002 Apr-May H. rubra 5 100 Ray's + Histo* 4 19* NSW Fish. 2002 survey; Histo: Callinan & Landos (2006)
Bowen Is 2003 Jun H. rubra 1 21 Ray's 0 0 Gill (2003)
St Georges Hd 2003 Jun H. rubra 1 24 Ray's 0 0 Gill (2003)
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Table 4.1. (cont'd)

Location / Area Year Month Species Sampling Perkinsus + Reference
Sites N Method Sites n

North Ulladulla

Sussex to Ulladulla lighthouse 2002 Apr H. rubra 5 100 Ray's + Histo* 0 0 NSW Fisheries 2002 survey; Histo: Callinan & Landos (2006)
Sussex & Bendalong 2003 Jun H. rubra 2 43 Ray's 0 0 Gill (2003)

St Georges Basin to Burril Lake 2003 Jun Other spp. 6 152 Ray's 0 0 Gill (2003)

North Bateman's Bay

Brush Is. 1996 May H. rubra 1 10 Histology 0 0 NSW Fish. Vet. Lab. report WN96/1440

Nugen to Doyles 2002 Apr H. rubra 5 102 Ray's + Histo* 0 0 NSW Fisheries 2002 survey; Histo: Callinan & Landos (2006)
South Bateman's Bay

Richmond & Mossy Pt 2003 Mar H. rubra 2 49 Histology 0 0 Callinan & Landos (2006)

Narooma

Narooma & Mystery Bay 2003 Mar H. rubra 2 a7 Histology 0 0 Callinan & Landos (2006)

Tathra - Merimbula

Tathra & Merimbula 2003 Mar H. rubra 2 75 Histology 0 0 Callinan & Landos (2006)

Eden

Eden & Disaster Bay 2003 Mar H. rubra 2 55 Histology 0 0 Callinan & Landos (2006)
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4.1.3. Diagnostic tests

The specificity and sensitivity of a diagnosticttasll affect its capacity to distinguish between
Perkinsudike organisms, organisms of the geferkinsusand positively identify species within
the genuderkinsus Specificity (i.e., the range of organisms and tgles resulting in positive
tests) and sensitivity (the smallest quantity tbamb be reliably detected) of tests used for the
detection ofPerkinsusspp. in hosts vary among the types of test usedaswlaccording to the
way in which each test is applied (e.g., whichugsgorgans, quantity of tissue examined) (Bushek
et al, 1994; Villalbaet al, 2004). Obviously, understanding these aspectestfperformance is
vital to the interpretation of positive and negattest results. The standard method for diagnosing
Perkinsusinfections is Ray's test in which host tissuesiaeibated in Ray’s fluid thyoglycollate
medium (RFTM) and live trophozoites enlarge to fdmpnospores which stain blue-black with
Lugol's iodine (reviewed in Villalbaet al, 2004). Histological examination of tissues isoals
routinely used for observing and therefore detgdarkinsusrophozoites and tomonts as well as
associated pathology. Various immunological andemabr diagnostic techniques have been
developed during the past decade (Villatltaal, 2004), most recently polymerase chain reaction
(PCR) assays that target individugérkinsusspecies:P. marinus(e.g., Robledcet al, 1998;
Yarnall et al, 2000);P. olseni(Robledoet al, 2000; Murrellet al, 2002; Parlet al, 2005).

There are no direct comparisons of the sensitigitg specificity of the 3 main types of test
(Ray’s, histology, PCR) done “simultaneously” ore tbame batch of hosts. Comparisons have,
however, been made between pairs of tests. Ragtshtes generally found to be more sensitive
than histology for detection dPerkinsus especially for light infections (e.g., McLaughland
Faisal, 1999; Almeidat al, 1999; Villalbaet al, 2005). Ray’s test on haemolymph has been used
as a means of non-lethal sampling (Gauthier anteFis1990) but was reported to be a less
sensitive method than Ray’s test on tissue (Roddg@nd Navas, 1995). The whole body of hosts
(oyster: Fisher and Oliver, 1996; carpet shell cl&meidaet al, 1999) has been incubated and
included in modified assays based on Ray’s teseé fudifferential infection of host organs by
Perkinsusthis technique offers increased sensitivity whempared to Ray’s test on single tissues
(e.g., Bushelet al, 1994; Rodriguez and Navas, 1995; Villabiaal, 2005). In particular, the
intensity of infections can be more accurately deieed (Bushelet al, 1994; Parlet al, 2006b).
However, due to the volume of tissue present igdanolluscs, the application of the whole body
burden assay to blacklip abalone is problematicthien, specificity of Ray’s test is an issue given
that it can give false positives for other orgarsissuch as dinoflagellates (Almeigaal, 1999)
and Perkinsudike organisms such @seudoperkinsus tapet{dlovoaet al., 2002). PCR assays
developed forP. marinus(Robledoet al, 1998; Yarnallet al, 2000) were found to be more
specific and sensitive than Ray’s test on individissues, although incubation of the whole host
body gave comparable results for sensitivity (Ydrea al, 2000). In summary, Ray’s test and
PCR are generally considered to be more senstige histology. The World Organisation for
Animal Health (OIE) notes that the use of histoldgy the purpose of targeted surveillance of
Perkinsushas application in some situations but recommétaiss test on tissue for surveillance
of the parasite in abalone and confirmationPofolseniby PCR, DNA probesir{ situ) or gene
sequencing (OIE, 2009).

4.1.4. Terminology

Within this study, several diagnostic methods (Ragst, histology, PCR and gene sequencing)
were used to test for the presencdefkinsusin abalone (described in detail in Section 4.3.1.3
Because the specificity of these methods differadept the pedantic approach in this chapfer
referring to positive results diagnosed: by Ragsttas cases of suspecierkinsussp.; by
histology as cases &ferkinsussp.; byP. olsenispecific PCR and/or gene sequencing as cases of
P. olsenj and diagnosed by gene sequencing of PCR prodsdspreviously unidentified species
of Perkinsusor variant strain oP. olseniasPerkinsussp.-variant ITS.
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4.1.5. 2005 survey of Perkinsus

The present study used a combination of Ray’'s dasgill tissue, histology of multiple organ
tissues and PCR on gill and mantle tissue to iflestispected?erkinsus,Perkinsussp. orP.
olseni in abalone sampled during a broad-scale survethefdistribution and prevalence of
Perkinsusinfections in blacklip abalone at multiple siteghin multiple locations along the NSW
coast. Associated with this broad-scale survey vZeguxiliary surveys done in the vicinity of
Jervis Bay, the presumed “southern front” of inii@ct (i) a pilot survey to assess the prevalence
and intensity ofPerkinsusinfections at a finer spatial scale at a single; sind (ii) a survey done
at 4 sites to assess differences in the prevalehicdections between February — March and April
— May. Correspondence of results of Ray'’s, histplagd PCR tests was also examined to aid our
interpretation of the likely distribution &ferkinsuswithin NSW where abalone populations occur.

Thus, the principal objectives of this componenthaf project, presented in this chapter, were to:

® Survey the geographic distribution Berkinsusin abalone (in 2005) and extend
the geographic range covered by the 2002-03 surveys

(i) Determine the spatial variability of prevalence amdensity of Perkinsus
infections in blacklip abalone (at spatial scaléslacations on the coast; sites
within locations; areas adjacent to sites) and @mvith results from 2002-03
surveys;

(i) Assess the correspondence of positive and negasteesults among 3 alternative
diagnostic tests for the presenceéPefkinsus Ray’s test, histology and PCR;

(iv) Positively identify the species Bferkinsusinfecting abalone in NSW;

4.2, Methods

4.2.1. Survey of the spatial distribution, prevalence aimtensity of Perkinsus infections
in abalone on the NSW coast

4.2.1.1. Survey designs and sampling methods

The survey extended from Bonnie Hills on the namlast to Wonboyn on the far south coast of
NSW. Between 4 and 6 sites were sampled within esHch?2 locations (Fig. 4.2). For the
component of the 2005 survey that included the gawgc range of the 2002 survey (9 locations
between Crowdy Head and North Bateman’s Bay), siteapled during the 2002 survey were
included in the 2005 survey. At 5 of the sites siaahpn 2002, no abalone could be located in
2005 and we attempted to add replacement sitehetd?®05 survey. Replacement sites were
sampled in 4 of these 5 instances. The geographigerof the 2005 survey extended a distance of
40 km further to the north of the 2002 survey, uidihg an additional location (“North Coast”).
The 2005 survey also extended approximately 200 flrther south than the 2002 survey,
including an additional 2 locations (South BatersaBay and Tathra/Eden). Distances between
locations ranged between 10 and 85 km on the remdist and 5 and 30 km on the south coast
where suitable rocky reefs and populations of atmlare closer to one another. The depth at
which abalone were sampled ranged from 2 — 10 m.
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Figure 4.2.
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To increase the chance of detectitgrkinsuswithin abalone the survey was done during Austral
summer and autumn, when warmer water temperatuechkaly to favour parasite proliferation
(discussed in Chapters 5 and 6). The survey wasgleted between January and May, 2005.

A target sample size of 20 abalone per site anckfbie 100 abalone per location (5 sites) was
selected on the basis that: (i) this correspondéu thhe sample size used in the 2002 broad-scale
survey and (ii) this sampling intensity provided 85% probability of detecting at least 1 abalone
infected withPerkinsus if 3% of the population at a location were inBtt{assuming 100% test
sensitivity). At the scale of sites, a sample si£e20 provided only & 46% probability of
detecting at least 1 abalone infected viRdrkinsusif 3% of the population at a site were infected.
Obviously, for any given sample size, the probgabithat the absence dferkinsusin abalone
sampled from a site or location accurately indisdbe absence #ferkinsusat that site or location
depends on the prevalenceRsdrkinsusinfections in abalone at that site or location. Example,

if 14% of abalone were infected witPerkinsus then a sample of size of 20 (the sample size at
each site in the 2005 survey) would provide 95%bability of detecting at least 1 positive test
result.

A total of 1190 abalone, with shell lengths (SLngmg between 35 mm and 145 mm
(approximately half were sub-legal, < 115 mm SL)reveollected by scuba divers between
January and early May 2005. All abalone were aind no moribund abalone were observed. At
each of 59 sites, an average of 20 abalone (minim®, maximum = 22) representing a mixture
of legal and sub-legal sizes were collected. Asafapossible, abalone were collected randomly
from the area searched by the diver. The propordfarbalone sampled at each location that were
of sub-legal size (< 115 mm SL) ranged from 25% %66, but was generally between 40% and
60%.

To test for a bias in results due to timing of shngp(i.e., early or late in the season), populatio

of abalone at four sites that were sampled in Falgrwere re-sampled during April 2005 (see
Section 4.2.2.2). Our main concern was that thexre sonsistency in results between February and
April sampling times for “negative” sites, whelPerkinsuswas not detected in abalone sampled.
We restricted our sampling to the Jervis Bay ammerePerkinsusinfections were most prevalent.

In the field, abalone from each site were kepteaind separated, by placing them in foam inserts
which were stacked and stored within insulated aioets or commercial abalone bins that were
kept cool. No water was added to the containerbios, thereby reducing the risk of cross
contamination among abalone.

4.2.1.2. Data collection and tissue biopsies

Processing of abalone occurred within 24 hr ofemmtibn. All abalone were examined for gross

pathological abnormalities at the time of procegsifihe shell of each abalone was cleaned of
epiphytic material and a measurement of the sbelith (along longest axis of shell) to the nearest
mm was recorded. Abalone were shucked and thefssch mature abalone was also determined.

For Ray’s test, approximately 2 cm of gill tissuasaexcised from each individual (using sterile
instruments) and placed into sterile tubes congir0 ml of Ray’s fluid thioglycollate medium
(RFTM). To prohibit bacterial and fungal growth ohg cultivation, 200 units of Mycostatin
(nystatin) and 2 mg of Chloromycetin (chloramphebiclissolved in 50 pl of distilled water were
added to each tube (Ray, 1952, 1966). A furthempsaof gill and mantle (~ 1 cm or 200 mg total
tissue) was excised from each abalone, placedtarde container, and archived (frozen at’eé30
for subsequent PCR analysis. The remainder of bladone was preserved in 10% formalin in
seawater for histological examination. To aid witeservation the foot of each abalone was
scored to a depth of ~ 0.5 cm at ~ 2 cm intervals.
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4.2.1.3. Diagnostic methods

Ray'’s test

Gill tissue from all abalone (with one exceptiohatt were collected was tested for presence of
Perkinsussp. parasites using Ray’s test. Each ~ 2 cm pégdl tissue was incubated in RFTM
fortified with antibiotics at temperatures betwezh — 25C for 5 — 7 days, in the dark. It was
assumed that all known life stages of viaBerkinsuscells would enlarge to the hypnospore (pre-
zoosporangia) stage during incubation (Buskekl. 1994). After incubation the gill tissue was
removed using sterile forceps and placed into anckeetri dish and examined under a dissection
microscope at 25 — 40x magnification to identifyldparticulates, which could be confused with
stainedPerkinsuscells. Two drops of 20 — 33% (v/v) Lugol's iodinere then added to the tissue
and after ~10 mins the tissue was examined agalerumagnification for presence Berkinsus
hypnospores, which appear as spherical cells ofielier 50 — 70 um with their cell walls stained
blue-black (Ray 1952; and see examples in AppeBdixSection 12.5.1). The total number of
hypnospores in the entire preparation was estimatadl the level of infection was graded
according to a modified version of the Mackin sa&eay, 1954), with a numerical range between
0 and 5 as follows: 0 = uninfected; 0.5 = less tharparasites found in entire tissue preparation
(i.e., in the gill section); 1 = 11 — 100 cells geat in entire preparation; 2 = >100 cells, somasr
free of parasites but other areas show localisedterdrations of 25 — 50 cells; 3 = >100 cells,
localised concentrations of 50 or more cells antes@reas free of parasites; 4 = parasite cells
present in large numbers (>> 100 cells), but lbas thalf of tissue covered macroscopically; 5 =
enormous numbers of parasite cells, most of theudids covered macroscopically. Due to the
subjective nature of the scale the grading for esahple was initially done by two persons to
ensure consistency of results between the 2 examiResitive diagnoses from Ray’s test in a sub-
set of tissue samples & 8) were confirmed by a third researcher (C. Hagy from South
Australia.

Histological examination

A total of 209 abalone were examined using histicldgmethods. For each site, histology was
examined for all abalone which were positive by 'Rdgst and at least the equivalent number of
randomly chosen abalone that were negative by Ragts If all abalone from a site were negative
by Ray’s test then 1 or 2 abalone were randomhgsehdor histology. At two sites outside of the

previously documented range fBerkinsusin NSW (Diamond Head Bay and Merimbula) where
small numbers of abalone tested positivdPeskinsusby Ray’s test and were graded with low-

level infections, histology was examined for alakime.

Five standardised partial cross-sections of tisgere taken from whole abalone. All sections were
~5 mm in thickness and cut to the depth of the fooscle. The first two sections were cut at the
anterior end and midway along the gills respecjiv&he third section was cut posterior to the
gills and included the pericardial cavity. The fibusection was cut at the most posterior aspect of
the abalone, opposite the mouth. The fifth sectiais cut approximately midway along the right
foot muscle. The aim of histological screening wasclude foot muscle, epipodium, oesophagus
(where possible), digestive gland and hind-gutn&id heart (where possible), gills, and gonad
from each individual. The tissue samples were gldodabelled histological cassettes, and fixed
immediately in 10% formalin. After at least 24 Higation, samples were processed through
alcohol, embedded in paraffin blocks, and sectio(@d- 5 um thickness) and stained with
haematoxylin and eosin using standard laboratothoaks.

Stained tissue sections were examined for the pcesef parasites consistent in size and
morphological appearance wiierkinsus(with reference to positive controls archived frame
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National Disease Survey) and for other tissue abalities using light microscopy. For each
abalone examined, the presence or absen&erdinsuswithin organs and tissues was recorded
and graded as 0 (no cells), 1 (1 — 5 cells), 2 {o 50 cells) or 3 (> 10 cells). For the purposks o
this study Perkinsugstrophozoites and other life stages were not difftiated (see also Chapter 5).
All histological examinations were done by P. Gitlthe DPI Regional Veterinary Laboratory,
Wollongbar.

PCR assay

A partial tissue sample of ~100 mg from each o&dthived gill and mantle tissues was sent to the
OIE reference laboratory at the Virginia Institud& Marine Science (VIMS), USA, for PCR
analysis and gene sequencing to detect the preséRegkinsusand identify the species. Samples
to undergo traditional PCR testing were selectethfabalone that had been tested by both Ray’s
test and histology to include Frkinsuspositive and suspectdekrkinsuscases (low- and high-
grade infections determined by Ray’s test) arde8insusnegative samples. The F&rkinsus
positive samples were selected to represent eadheofocations from the broad-scale survey
within which Perkinsusor suspectef®erkinsusinfections had been detected, the aim being to
confirm P. olseniwithin each of these locations. ThéP8rkinsusnegative samples were all from
North Jervis Bay and South Jervis Bay, locationgmPerkinsuswas most prevalent. Prior to
shipment the samples were preserved for at least 810 volumes of uncontaminated, 100%
ethanol in sterile, screw-capped containers.

Two PCR assays targeting the internal transcriter (ITS) region of the ribosomal RNA
(rRNA) gene complex, one genus-specific and therosipecific toP. olsenj were done to detect
the presence dPerkinsussp. orP. olseniusing DNA extracted from the abalone gill and nent
tissues. The gene sequencesHoblseniwere from samples collected in New Zealand, Alistra
Korea, Japan, China and Europe. Primers were da$ignsequences that were conserved among
the P. olsenicultures, but differed from all other sequencessitRre controls were DNA purified
from P. olsenicells. Negative controls were no target DNA reatdi Amplification products were
sequenced to confirm that the sequences matched thidheP. olsenisequences.

Screening forPerkinsussp. DNA was performed usingerkinsusgenus-specific ITS ribosomal
RNA complex primers from Casast al. (2002). The forward primer PerkiTS-85 (5
CCGCTTTGTTTGGATCCC 3) and reverse primer PerkiIT®®7 (5
ACATCAGGCCTTCTAATGATG 3’) target the ITS region dhe rRNA gene complex. Each
PCR reaction contained the following: 20 mM TrisdH{gH 8.4), 50 mM KCI, 1.5 mM MgCJ 0.2
mM of each dNTP, each primer at 0.1 yuM, 0.025 U Teq polymerase, 0.05 mg mBSA, and
0.5 ul genomic DNA (10 — 50 ng total). Amplificati® were performed with initial denaturation at
95 °C for 4 min followed by 40 cycles of 95 °C fbmin, 55 °C for 1 min, 65 °C for 3 min, with a
final elongation of 65 °C for 5 min. Following anfdation, 4 pl of PCR product was visualized
on a 2% agarose gel.

DNA from animals shown to have positive amplificati products with thePerkinsusgenus-
specific assay was tested B olsenispecies-specific PCR assaygerkinsusolsenispecific
primers Pols-140F (5' GAC CGC CTT AAC GGG CCG TGMWT and PolsITS-600R (5' GGR
CTT GCG AGC ATC CAA AG 3') were used in 2bteactions. PCR reactions for tRe olseni
ITS region contained the following: PCR buffer atancentration of 20 mM Tris-HCI (pH 8.4),
50 mM KCI, 1.5 mM MgCJ, 0.2 mM of each dNTP, each primer at 0.1uM, 0.QZfl Taq
polymerase, 0.05 mg mI-BSA and 0.5 ml genomic DNA (~10 — 50 ng). Thernwing
parameters were as follows: an initial denaturatib@5°C for 4 minutes followed by 40 cycles of:
94°C for 1 minute, 62°C for 1 minute, 65°C for 3nmnies, all followed by a final elongation step
of 65°C for 10 minutes. Following amplification,rfeach species-specific reaction, 4 ul of PCR
product were analysed as described above.
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Genus-specific an®. olsenispecific PCR assays, as described above, weredals® on tissue
samples remaining after the initial tests. Using #econd set of tissue samples, PCR assays were
done as for the initial tests but, in addition, eva@fone with a 1:10 diluted template. Again,
amplification products were sequenced to confirat fequences matched (or did not math)
olsenisequences.

Control PCR reactions with general SSU primers wsed to assess non-target DNA quality. Of
the tissue samples from 40 abalone on which PC&yasgere attempted, acceptable amplification
of SSU DNA was achieved with 31 of the samples.aNwlification of SSU DNA was achieved
for the other 9 samples. This may have resulteth:fr@) poor quality DNA, a consequence of
tissue degradation during thawing and refreezimggsses or (ii) the presence of inhibitors in the
abalone tissue affecting amplifiability of the DNK. Reece, pers. comm.). The 31 successful
assays were achieved with tissue samples from [drab#hat tested negative by Ray’s test, 6 that
were Grade 0.5, 12 that were Grade 1 and 6 that @eade 2 infections diagnosed using Ray’s
test. Thus, the range of infection intensitiesed®ined by Ray'’s test, was still well represented i
the sample of 31. Fortunately the 31 successfalyasalso comprised samples from all 7 locations
within which suspecte@erkinsushad been detected by Ray's test. Thus, there tithshe
possibility of confirmingPerkinsussp. infections (identified by histology) &3. olseniand
suspectedRrerkinsusinfections (identified by Ray’s test) &erkinsussp. orP. olseniinfections at
these locations.

4.2.1.4. Data analyses

Chi-squared and Fisher's Exact tests were useagixtdy to test for differences in frequencies of

events in contingency tables. If expected frequenén cells of contingency tables were < 5,

indicating unreliability of a Chi-squared test, nhinis mandated the use of Fisher's Exact test. It
was not possible to use Fisher's Exact test forcafitingency tables because of computation
limitations (total cell counts > 200 or many cetighe contingency table).

Statistically significant differences in proportomf abalone that tested positive ®erkinsus
using different diagnostic tests (Ray'’s, histoloBZR) were identified using McNemar's test (for
correlated proportions in the marginals of a 2xatiemency table) and Chi-square or Fisher’s
Exact tests where appropriate. Chi-square and Féske&act tests, where appropriate, were used
to detect differences between and among: prevalehcaispectedRerkinsusinfections among
locations in 2005; prevalence of infections amoitgsswithin locations in 2005; prevalence of
infections in 2005 compared to 2002; and intensitinfections in 2005 compared to 2002.

4.2.2. Auxiliary surveys

4.2.2.1. Survey of prevalence and intensity of Perkinsuectigns at a smaller spatial scale

Distances between sites sampled during the mairegwere typically > 2 km apart. A survey,
auxiliary to the main survey, was done over a ssnapatial scale (100’s of metres between areas)
at Beecroft Head, one of the sites within the lmraNorth Jervis Bay, where remnant populations
of abalone remained amREerkinsusinfections were both prevalent and intense. Tha dims of
this additional survey were to: (i) determine wiegtithe prevalence and intensity Bérkinsus
infections in abalone were similar among the Befédiead site and areas approximately 250m
and 500m both to the north and south of the mda i) provide additional abalone, likely to
have relatively intense (high-grade) infectionss@wh on results from the main survey), for
histopathology. This survey clearly does not regmésa conclusive study of the prevalence of
Perkinsusinfections at the scale of 250 m sections of cddgampling areas around replicate sites
on the coast would be required to address sucltbttove. It is, however, a pilot study for any
survey that does address the issue of infectiomapgace at a similar spatial scale. It is also
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relevant that 3 sites surveyed further to the sbathfew or no abalone thus limiting the extent of
our sampling — such a scenario would need to bsidered for future studies.

A minimum of 30 abalone with shell lengths betw&nmm and 140 mm were collected from
each of the 5 areas (total of 152 abalone) duripgl 2005. A target sample size of 30 abalone per
area would be sufficient to detect one diseasedlithehl (with 95% confidence) if 10% of the
population in an area was infected, assuming 1@8¥sensitivity (i.e., [1 — 0.1Y]= 0.042 < 5%).
Abalone collected from each area were kept aligpasated and stored within eskies. Methods for
data collection, tissue biopsies and diagnostitinggRay’s test and histology only) were as
previously described.

For the purpose of increasing our understandinghefpathogenicity oPerkinsusin abalone,
histology of abalone collected from this auxiliayrvey was only examined if a Ray’s test grading
of > 1 was detecteth = 22). Observations of pathology in this sub-dealmalone was of most
interest in studying the pathogenesi$efkinsusn abalone (Chapter 5).

Fisher's Exact tests were used to test for sigamificdifferences in proportions of abalone that
tested positive t@erkinsusby Ray’s test and to test for differences in tleg|fiencies of grades of
infection intensity among the 5 areas.

4.2.2.2. Survey to assess within-season variation in prexaef Perkinsus infections

To test whether estimates of the prevalence ofesisgPerkinsusfrom the broad-scale survey
may have been dependent on the timing of sampliag €arly or late in the summer — autumn
season), populations of abalone at 4 sites that wa&mpled in February were re-sampled during
April 2005. A minimum of 20 abalone per site (totdl81 abalone) between 35 and 137 mm SL
were collected from the sites North Beecroft ancd@eft Head (within location North Jervis
Bay), site South Bowen Island (location South JerBay) and site Sussex Inlet (location
Ulladulla). Abalone sampled from the 2 sites attNalervis Bay were diagnosed with suspected-
Perkinsusinfections during February and no infections weetected in those sampled from South
Bowen Island and Sussex inlet during February.

Methods for data collection, tissue biopsies arelube of Ray’s test for diagnosis of suspected-
Perkinsudnfections were as previously described (Sectio@sl® and 4.2.1.3).

Fisher's Exact tests were used to test for sigamificdifferences in proportions of abalone that
tested positive for suspect@erkinsusby Ray’s test and to test for differences in ttezjfiencies
of grades of infection intensity between Februarg April samples.

4.2.3. Grading infection intensity in preserved samplesgii tissue from the 2002 survey

When Ray’s test was used to diagnose susp&aekdnsusinfections in abalone sampled during
2002, only the presence/absence of suspdeekinsuscells (hypnospores) was recorded. So that
we could compare infection intensities (grades frBw@y's test) from the 2005 survey with
equivalent data from the 2002 survey, we re-exatharehived gill tissue samples (preserved in
95% ethanol) from the 2002 survey.
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4.3. Results

4.3.1. Comparative sensitivity of Ray’s, histology and P@#ts

A total of 209 abalone tested for suspedbedkinsususing Ray's test were also tested by
histology. Eighty-seven of these tested positiveRlay’s test and 29 of these also tested positive
for Perkinsussp. by histology. There were no instances in whablalone tested positive by
histology but negative by Ray’s test (Table 4.2angd A). The proportion of positive test results
by Ray’s test (41.6%, 87/209) was significantlyagez than the proportion of positive test results
by histology (13.9%, 29/209P(= 0.000 < 0.01, McNemar test). Histological exaatiion as a test
for the presence dferkinsussp.detected only 33% of the infections detected by &Rimst.

A total of 31 abalone were tested feerkinsusby both Ray’s test and PCR. Twenty-four of these
31 abalone tested positive by Ray’s test and 1thede animals tested positive by PCR. There
were no instances in which abalone tested podivECR but negative by Ray’s test (Table 4.2 —
panel B). The proportion of positive test resulysRay’s test (77.4%, 24/31) was significantly
greater than the proportion of positive test resbly PCR (41.9%, 13/31P(= 0.001 < 0.05,
McNemar test). PCR as a test for the presendeedfinsusdetected only 54% of the infections
detected by Ray’s test.

A total of 31 abalone were tested #@erkinsussp. by both histology and PCR. Six of these 31
abalone tested positive by histology and 13 tegtsitive by PCR. Five abalone tested positive by
both histology and PCR, 1 abalone tested positvkistology but negative by PCR and 8 abalone
tested negative by histology but positive by PCRO(€ 4.2 — panel C). The proportion of positive
test results by PCR (41.9%, 13/31) was signifigagtieater than the proportion of positive test
results by histology (19.4%, 6/31p € 0.039 < 0.05, McNemar test). Histology, as & testhe
presence oPerkinsugdetected only 46% of the infections detected by PCR

If the intensity of infection, based on grades frBialy’ test, is taken into account, it is clear that
the relative sensitivity of the 3 tests (Ray’'stbisgy and PCR) is similar for high-grade infecson
(Ray’s grade ) (Fig. 4.3). Histology detected 24/25 (96%) &€R detected 5/6 (83%) of high-
grade infections. In contrast, low-grade suspe&wedkinsusinfections (Ray’s grade = 0.5 or 1)
were rarely detected by histology (5/62) and detbbly PCR (8/18) on less than 50% of occasions
(Fig. 4.3). The proportion dPerkinsusinfections detected by histology was significarghgater

for high-grade infections than low-grade infectidifésher’s Exact test? = 0.000 < 0.01). The
difference in proportions of low-grade and highegainfections detected by PCR was not
statistically significant® = 0.166 > 0.05, Fisher’s Exact test).
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Table 4.2. Comparative frequencies of detectiPgrkinsusby Ray’s test, histology and PCR.

A. Ray's test v Histology (n=209)

Histology + Histology - Total
Ray's + 29 58 87
Ray's - 0 122 122
Total 29 180 209

B. Ray'stestv PCR (n=31)

PCR + PCR - Total
Ray's + 13 11 24
Ray's - 0 7 7
Total 13 18 31

C. Histology v PCR (n=31)

PCR + PCR - Total
Histology + 5 1 6
Histology - 8 17 25
Total 13 18 31
A. Histology result v Ray's grade B. PCR result v Ray's grade
357 O Histology - 147 OPCR -
309 1™ W Histology + 12 A BPCR +
25 A 10 A
>
2 201 95% 8 -
[
=}
g 15 6
i 42% 83%
10 A 41
50%
57 3% - 13% 100% 2
04— : — o : : : .
Grade 0.5 Grade 1 Grade 2 Grade 3 Grade 0.5 Grade 1 Grade 2 Grade 3
Grade of infection (from Ray's test) Grade of infection (from Ray's test)

Figure 4.3.  Comparative frequencies of detectiRgrkinsussp. by histology (panel A) and
PCR (panel B) for abalone diagnosed suspet#tinsus+ by Ray’s test.
Frequencies are shown for 4 grades of infectiorerdghed from Ray’s test.
Percentage figures on graphs represent the % dfyeoest results.
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4.3.2. Geographic range of Perkinsus sp. in 2005 and comfation of P. olseni

Sixty-five of the 1189 abalone tested using Rag tvere positive for suspectPdrkinsus Thus,
suspectedrerkinsuswas detected at sites within 8 of the 12 locatsunyeyed (Table 4.3). Seven
of the 8 locations were between “North coast” agdtith Jervis Bay”. All abalone at the location
“Forster — Seal Rocks”: tested negative for susableerkinsusby Ray’s test. Positive results by
Ray’s test were found at 1 of the 4 locations andbuth coast between “Ulladulla” and “Tathra-
Eden”. At “Tathra-Eden” 4 abalone at the Merimbsila tested positive.

Thirteen of 187 abalone tested by histology retdrpesitive results foPerkinsussp. Perkinsus
sp., identified by histology, were made for abalao#ected from all locations between “Central
Coast — Sydney” and “South Jervis Bay”.

Thirteen of 31 abalone tissue samples successksghed by genus-specific PCR (i.e., acceptable
amplification of SSU DNA) returned positive results Perkinsussp. In 9 of these 13 positive
diagnosesP. olseniwas positively identified using the. olsenispecific PCR and/or sequencing
of PCR products. In 5 of the 13 positive diagnose®erkinsussp. with a unique ITS gene
sequence was identified (and is referred to herePaskinsussp.-variant ITS”. In 2 instances,
results suggested infection of abalone with BtlblseniandPerkinsussp.-variant ITSIn a single
instance, abalone tissue tested positive by thaggepecific PCR assay, negative by Fhelseni
specific PCR and subsequent sequencing was natssfot

The detection of &@erkinsussp. with a previously unknown ITS gene sequenggests the
presence of a new strain Bf olsenior a previously undescribed species. The unig&région
sequences were cleafBerkinsus,but in a clade that is sister to tRe olsenisequences. These
sequences did not group with any of the currentigcdbed Perkinsus species sequences.
Differences within ITS region sequences were apprately 0 — 2.5% within both thB. olseni
group and the new “unique ITS” group. Between theups of sequences, variations were
approximately in the range 4.5 — 6% (K. Reece,.pawem.). Due to the uncertainty about the
specific taxonomic placemerRerkinsussp. with the unique ITS region sequence, is sulegty
referred to asPerkinsussp.-variant IS’ in this report.

Identification of P. olseniand/or Perkinsussp.-variant ITSby PCR was made for 4 of the 5
locations between “Port Stephens” and “South JeBag” (the exception being “North Jervis
Bay”) and at 2 of the 3 locations to the north a@frtPStephens (“Crowdy Head” and “North
Coast"). Perkinsussp.-variant ITSwas also identified by PCR at the Merimbula sitehimi
location “Tathra-Eden”, 1 of the 4 locations to gwuth of “South Jervis Bay” on the south coast
of NSW.

Detection ofPerkinsusinfections in abalone within location “Crowdy Headfid as far north as
Point Perpendicular (between Crowdy Head and Leamjewithin location “North Coast”)
represent an extension of the documented ranBerinsussp. on the north coast of NSW (Table
4.3). Infections oPerkinsuswvere not detected during the 2002 survey at argtions to the north
of Port Stephens (Appendix 6 in Section 12.6).

The identification of 4 instances &erkinsussp. (by Ray’s test) and, in one of these instances
identification of Perkinsussp.-variant ITS (by PCR and gene sequencing) atngles site
(Merimbula) within the 4 locations between Ulladuland Tathra-Eden also represents an
extension of the range &ferkinsuson the south coast of NSW (Table 4.Berkinsuswas not
detected during the 2002 survey at any locatiorikésouth of “South Jervis Bay” (Appendix 6 in
Section 12.6).
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In summaryP. olseniand/orPerkinsussp.-variant ITSvas confirmed by PCR for abalone within
the geographic range “North Coast” — “Crowdy Hed#ort Stephens / Broughton Is.” — “South
Jervis Bay”, but excluding “North Jervis Bay”, aatlthe single site “Merimbula” on the far south
coast of NSWPerkinsussp. was confirmed by histology at “North JervisyBarhus, the 2005
survey detectedP. olseni and/or Perkinsus sp.-variant ITSto the north of the previously
documented range of suspeckerkinsusinfections, as far north as Point Perpendiculaatn
Laurieton) and at a single site on the far soutistof NSW, a distance of approximately 200 km
south of the previously documented southern lihdistribution of suspecteBerkinsusn NSW.

Note that, within the documented geographic rarfgBevkinsussp., P. olseniwas identified by
PCR between Port Perpendicular (within location fiNadCoast”) and St. Georges Head (within
location “South Jervis Bay”Perkinsussp.-variant ITS was identified by PCR between Ghpw
Head North (within location “Crowdy Head”) and &teorges Head (within location “South Jervis
Bay”) and on the far south coast at Merimbula (imitlocation “Tathra / Eden”). The documented
geographic ranges #f. olseniandPerkinsussp.-variant ITS represent overlapping components of
the documented geographic range of the g@aukinsus

Moreover, in the 5 instances in whiéerkinsussp.-variant ITS was identified, there was no
positive identification ofPerkinsusby histology. This has obvious consequences fteraening
the pathogenicity oPerkinsussp.-variant ITS . Given the absence of associatdgathology, it
cannot be concluded thaerkinsussp.-variant ITS is pathogenic (see Section 5:18QHhapter 5).

The proportion of abalone that tested positivesitspectedRerkinsusby Ray’s test from the 2005
survey (5.5%, 65/1189, Table 4.3) was not signifigadifferent to the proportion that tested
positive from the 2002 survey (5.5% , 44/800, Amfien6 in Section 12.6). Comparing
proportions of abalone infected from the 2002 a@@52surveys and restricting the comparison to
locations that were common to the two surveys etheis no significant difference between 2002
and 2005 (2002: 5.5%, 44/800; 2005: 39/888 from ekulix 6 in Section 12.6; Chi-squared =
1.105, 1df, P=0.29).

4.3.3. Spatial patterns of Perkinsus infection among loaats and sites

Proportions of abalone infected with susped®edkinsusbased on Ray’s test, differed among
locations (Chi-squared = 88.9#,= 9, P < 0.01) (Fig. 4.4). Data for locations “Crowdy Héaahd
“Forster — Seal Rocks” were pooled, as were daban ffNorth Bateman’'s Bay and “South
Bateman’s Bay” so that a valid Chi-squared testh wipected values in cells of the contingency
table > 5, could be done. Proportions of abalofected with suspecteerkinsusvere greatest at
locations “North Coast” (22/100, 22%), “North JerBay” (11/102, 11%) and “South Jervis Bay”
(13/120, 11%) (Fig. 4.4 and Table 4.3). Proportiohsnfected abalone at “Crowdy Head” and
between “Port Stephens — Broughton Is.” and “Kiamaaiged from 2% to 6%. Of the 280 abalone
sampled at locations between “Ulladulla” and “Soihateman’s Bay” and the 81 sampled at
“Forster — Seal Rocks”, none tested positive fapsatedPerkinsusnfections by Ray’s test. In 4
of 118 (3%) abalone sampled at the most southematit;, “Tathra — Eden”, suspectBé+kinsus
was detected (Fig. 4.4 and Table 4.3).

There were also significant differences in the prtipn of abalone infected with suspected-
Perkinsusamong sites within locations (Fig. 4.5). Differea@mong sites were significant for 4 of
the 12 locations: “North Coast”, “North Jervis BaySouth Jervis Bay” and “Tathra — Eden”
(Fisher's Exact tests? < 0.01). At location “North Coast”, 75% of abalo(ib/20) at one site
(Diamond Head) were infected with suspedimtkinsus Between 15% and 20% of abalone were
infected at 2 other sites within this location attétre were no infections detected at the 2
remaining sites. At both “North Jervis Bay” and (Blo Jervis Bay”, suspectdekrkinsuswas
detected at 3 sites with one site at each locatitinn which greater than a third of abalone were

Project No. 2004/084 Perkinsus-related mortalityptzfcklip abalone, Liggins G.W. & Upston J.



Industry & Investment NSW 63

infected. At the southern most survey location,tfifa — Eden”, abalone infected with suspected-
Perkinsuswere detected at a single site (“Merimbula”) ateth20% (4/20) were infected.

It is noteworthy that within location “South JenBay”, 12 of the 13 abalone identified with
suspectedRerkinsusinfections came from the 2 most southern site$ G8orge’s Head” and “St
Georges Head South”). In contrast, all 19 infectiagentified within this location in 2002 came
from the 4 sites to the north of “St George’s He@ipendix 6 in Section 12.6). Location “South
Jervis Bay” was identified as the southern fronso$pectedRerkinsusinfections in NSW 2002.
Location “Port Stephens — Broughton Is.” was idi#ggdi as the northern “front” of infections in the
2002 survey within which, the northernmost sitavaich suspecteéerkinsuswas detected was
“South Fingal Is”. In 2002, no infections of susgeetPerkinsus(0/40 abalone) were found at the
2 sites to the north of “South Fingal Is” (“Shag dRp Broughton Is.” and “Elizabeth Bay,
Broughton Is.”) (Appendix 6 in Section 12.6). Inntast, 4/20 abalone sampled from “Elizabeth
Bay, Broughton Is.” in 2005 were infected. Withiotb the locations identified as northern and
southern “fronts” of infection in 2002, infectiomsere detected in 2005 at sites further to the north
and south, respectively.
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Table 4.3.

Prevalence oPerkinsusinfections detected at sites and locations dutivey 2005 broad-scale survey, using Ray’s test gtmpected-
Perkinsu$, histology (forPerkinsussp.) and PCR/gene sequencing (arkinsussp., P. olsenior Perkinsussp.-variant ITS). Note that
histology and PCR tests were done on sub-samplésecfibalone for which Ray’s test was done. Theptausize shown for PCR in the
format “a (b)” indicates that PCR was attemptedtwrabalone but that acceptable amplification oh#target SSU DNA and therefore valid
test results were only achieved for “a” abalones Thlumn titled “Conclusion rEerkinsusat location” indicates whether @. olseniand/or
Perkinsussp.-variant ITS have been identified by PCR andcegasguencing and/or (iBerkinsussp. has been identified by histology/PCR

within a location.

Location Site Month N Ray's test Histology PCR & gene seq. Conclusionre Perkinsus
n Grade + n + n P.sp.  P.olseni P. sp at Location
05 1 2 3 variant ITS

Nth Coast Bonnie Hills 5 20 20 0 0 0 O O 2 0 0

Grants Head 5 20 20 0 0 0 O O 1 0 0

Point Perpendicular 5 20 20 3 1 0 o0 4 8 0 2(2) 1 1 0

Diamond Head Bay 5 20 20 3 0 0 0 3 19 0 1(2) 1 0 0

Diamond Head 5 20 20 9 6 0 0 15 20 0 3(4) 0 0 0

TOTAL 100 100 15 7 0 0 22 50 O 6 (8) 2 1 0 Perkinsus sp.

P. olseni

Crowdy Head Crowdy Nth 3 21 22 0 2 0 0 2 4 0 1(2) 1 0 1

Crowdy Sth 3 20 20 0 2 0 0 2 4 0 1(2) 0 0 0

Wallabi Point 3 20 20 0 0 O O O 1 0 0

Red Head 3 20 20 0 0 O O O 1 0 0

TOTAL 81 81 0 4 0 0 4 100 O 2(4) 1 0 1 Perkinsus sp.

Perkinsus sp.-variant ITS

Forster/ Seal Rx Forster (Lattitude Rock) 3 21 2. 0 0 0 O O 1 0 0

Seal Rocks (Lighthouse) 3 21 20 0 0 0 O O 2 0 0

Seal Rocks (Treachery) 3 20 20 0 0 0 O O 1 0 0

Yagan 3 20 20 0 0 0O 0 © 1 0 0

TOTAL 82 81 0 O O O O 5 0 0 negative

Project No. 2004/084 — Perkinsus-related mortadityplacklip abalone, Liggins G.W. & Upston J.

Page 64



Table 4.3. (Cont'd)
Location Site Month N Ray's test Histology PCR & Seq. Conclusion re Perkinsus
n Grade + n + n P. sp. P. olseni P. sp at Location
05 1 2 3 variant ITS
Port Stephens/ Elizabeth Bay (Broughton Is) 2 20 20 3 1 0 0 4 8 0 2(4) 1 1 1
Broughton Is Tomaree 2 20 20 0 0 O O O 1 0 0
South Fingal Is 2 20 20 1. 0 0 0 1 2 0 0
Boulder Bay 2 20 20 0 0 0 O O 1 0 0
Boat Harbour 2 20 201 0 0 0 1 2 0 0
TOTAL 100 1000 5 1 0 0 6 14 0 2(4) 1 1 1 Perkinsus sp.
P. olseni
Perkinsus sp.-variant ITS
Central Coast/ Forresters 1 22 22 0 0 1 0 1 2 1 0
Sydney Terrigal (Skillion) 1 21 2. 0 0 0O O o 1 0 0
Newport 2 20 20 0 0 2 0 2 4 1 2(2) 2 2 0
Sand Shoes 1 21 22 0 0 0O 0 O 1 0 0
Curracarang 1 19 19 0 0 0 0 O 1 0 0
TOTAL 103 1003 0 0 3 0 3 9 2 2(2) 2 2 0 Perkinsus sp.
P. olseni
Kiama Bass Point 1 20 20 0 0 0 O O 1 0 0
The Farm 1 20 20 0 0 0O O O 1 0 0
Little Blowhole 1 20 20 0 0 O O O 1 0 0
Obelisk 1 20 20 0 0 1 0 1 2 1 1(1) 1 1 0
Gerroa 1 20 201 0 0 0 1 2 0 0
TOTAL 100 000 1. 0 1 0 2 7 1 1(2) 1 1 0 Perkinsus sp.
P. olseni
North Jervis Bay Nth Beecroft® 2 21 21 0 0 1 0 1 2 1 0
Beecroft Head" 2 20 20 2 3 2 0 7 14 2 5(6) 0 0 0
Targets 2 20 20 2 0 0 1 3 6 1 0(1) 0 0 0
Drum & Drum Sticks 2 20 20 0 0 0 0 O 1 0 0
Croc Head 2 21 212 0 0 0 0 O 1 0 0
TOTAL 102 102 4 3 3 1 11 24 4 5(7) 0 0 0 Perkinsus sp.
South Jervis Bay Sth Bowen Is® 2 20 20 0 0 0 O O 2 0 0
Nth Stoney Creek 2 20 20 0 0 0 O O 1 0 0
Sth Stoney Creek 2 20 20 0 1 0 0 1 2 0 0
Sth Steamers 2 20 20 0 0 0O O O 1 0 0
St Georges Head 2 20 20 2 5 4 0 11 20 6 10 (10) 5 4 2
St Georges Sth 4 20 20 0 1 0 0 1 2 0 0
TOTAL 120 120 2 7 4 0 13 28 6 10 (10) 5 4 2 Perkinsus sp.
P. olseni
Perkinsus sp.-variant ITS
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Table 4.3. (Cont'd)
Location Site Month N Ray's test Histology PCR & Seq. Conclusion re Perkinsus
n Grade + n + n P. sp. P. olseni P. sp at Location
05 1 2 3 variant ITS
Ulladulla Sussex Inlet® 1 20 20 0 0 0 O O 1 0 0
Bendalong 1 20 20 0 0 0 O O 1 0 0
Green Island 1 20 20 0 0 0 O O 1 0 0
Bannister Head 1 20 20 0 0 0 O O 1 0 0
Ulladulla (Lighthouse) 1 20 20 0 0 0 O O 1 0 0
TOTAL 100 1000 0 0 O O O 5 0 0 0 negative
Nth Bateman's Bay = Nuggan Point 3 20 20 0 0 0 O O 1 0 0
Brush Island 3 20 20 0 0 0 O O 1 0 0
Kioloa (Belowla Is) 3 20 20 0 0 0 O O 1 0 0
Snapper 3 20 20 0 0 0 O O 2 0 0
Pretty (O'Hara Is) 3 20 20 0 0O 0 0 O 1 0 0
TOTAL 100 1000 0 0 0O O O 6 0 0 0 negative
Sth Bateman's Bay  Mossy Point 4 20 20 0 0 0 O O 1 0 0
Narooma Break 4 20 20 0 0 0 O O 1 0 0
Mystery Bay 4 20 20 0 0 O O O 1 0 0
Bermagui 4 20 20 0 0 O O O 1 0 0
TOTAL 80 80 0 O O O O 4 0 0 0 negative
Tathra/ Eden Tathra (Bunga) 5 21 22 0 0 0 0 O 1 0 0
Tathra (Mini pressure) 5 20 20 0 0 0 O O 1 0 0
Merimbula 4 20 20 3 1 0 0 4 20 O 3(4) 1 0 1
Eden 4 22 22 0 0 0 0 O 1 0 0
Disaster Bay 4 19 19 0 0 O 0 O 1 0 0
Wonboyn 4 20 20 0 0 0 0 © 1 0 0
TOTAL 122 122 3 1 0 0 4 25 0 3(4) 1 0 1 Perkinsus sp.
Perkinsus sp.-variant ITS
GRAND TOTAL 1190 1189 30 23 11 1 65 187 13 31 (40) 13 9 5
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Location Ray's test
n + - % + % test +

0 5 10 15 20 25

Nth Coast 100 22 78 22 \
Crowdy Head 81 4 77 5
pooled
Forster/ Seal Rocks 81 0 81 0
Port Stephens / Broughton Is. 100 6 94 6
Central Coast Sydney 103 3 100 3
Kiama 100 2 98 2
Chi-squared = 88.98,
North Jervis Bay 102 11 91 11 df=9
P <0.01
South Jervis Bay 120 13 107 11
Ulladulla 100 0 100 0
Nth Bateman's Bay 100 0 100 0
pooled
Sth Bateman's Bay 80 0 80 0
Tathra/ Eden 122 4 118 3 || ]

Figure 4.4.  Variation in prevalence of suspect@drkinsusnfections (positive Ray'’s test results) amongtans from the 2005 broad-scale survey.
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Location Separation Site Ray's test Fisher's
3 % test +
(km) n + - % + exact test
0 20 40 60 80
Nth Coast Bonnie Hills 20 0 20 o T/
0.7  Grants Head 20 0 20 0
4.7 Point Perpendicular 20 4 16 20 P < 0.0000 *
9.7  Diamond Head Bay 20 3 17 15
1.6 Diamond Head 20 15 5 75
12.8 [
Crowdy Head Crowdy Nth 21 2 19 10
0.4  Crowdy Sth 20 2 18 10
255 Wallabi Point 20 0 20 0 P =0.32, NS
4.8 RedHead 20 0 20 0
17.8 [
Forster/ Seal Rocks Forster (Lattitude Rock) 21 0 21 0
25.8  Seal Rocks (Lighthouse) 20 0 20 0
3.3  Seal Rocks (Treachery) 20 0 20 0 P=1.00, NS
2.0 Yagan 20 0 20 0
25.3 [
Port Stephens/ Elizabeth Bay (Broughton Is) 20 4 16 20
Broughton Is 15.6  Tomaree 20 0 20 0
6.5  South Fingal Is 20 1 19 5 P=0.81, NS
2.8 Boulder Bay 20 0 20 0
5.2  Boat Harbour 20 1 19 5
92.5 [
Central Coast/ Forresters 22 1 21 5
Sydney 4.1  Terrigal (Skillion) 21 0 21 0
256  Newport 20 2 18 10 P=0.25, NS
47.2  Sand Shoes 21 0 21 0
121 Curracarang 19 0 19 0
54.1 [
Kiama Bass Point 20 0 20 0
33 TheFarm 20 0 20 0
8.9 Little Blowhole 20 0 20 0 P =1.00, NS
2.9  Obelisk 20 1 19 5
7.5 Gerroa 20 1 19 5
26.7 [
North Jervis Bay Nth Beecroft 21 1 20 5
0.3  Beecroft Head 20 7 13 35
1.6  Targets 20 3 17 15 P <0.0007 *
21 Drum & Drum Sticks 20 0 20 0
3.3  Croc Head 21 0 21 0
7.5 [
South Jervis Bay Sth Bowen Is 20 0 20 0
4.2 Nth Stoney Creek 20 0 20 0
1.7  Sth Stoney Creek 20 1 19 5 P <0.0000 *
3.9  Sth Steamers 20 0 20 0
2.0 StGeorges Head 20 11 9 55
0.2 St Georges Sth 20 1 19 5
15.0 [
Ulladulla Sussex Inlet 20 0 20 0
8.0 Bendalong 20 0 20 0
3.6  Greenlsland 20 0 20 0 P =1.00, NS
5.8 Bannister Head 20 0 20 0
5.2 Ulladulla (Lighthouse) 20 0 20 0
16.5 [
Nth Bateman's Bay Nuggan Point 20 0 20 0
4.6 Brush Island 20 0 20 0
3.3  Kioloa (Belowla Is) 20 0 20 0 P =1.00, NS
25 Snapper 20 0 20 0
1.2 Pretty (O'Hara Is) 20 0 20 0
35.0 [
Sth Bateman's Bay Mossy Point 20 0 20 0
42.2  Narooma Break 20 0 20 0
9.6 Mystery Bay 20 0 20 0 P =1.00, NS
14.9  Bermagui 20 0 20 0
16.1 [
Tathra/ Eden Tathra (Bunga) 21 0 21 0
11.3  Tathra (Mini pressure) 20 0 20 0
269  Merimbula 20 4 16 20 f—
28.6 Eden 22 0 22 0 P <0.0021 *
13.2  Disaster Bay 19 0 19 0
8.9  Wonboyn 20 0 20 0
Figure 4.5.  Variation in prevalence of suspectBdrkinsusinfections (positive Ray’s test

results) among sites within locations from the 260&ad-scale survey. The listed
probability from the Fisher's Exact test amongsi¢ each location is for the test
applied at that single location. To control typertor across the 12 tests (i.e., 12
locations), using the “Bonferroni method”, probitkak for individual tests must
multiplied by the number of tests done. All statislly significant test results
indicated here (*) still apply following this prodere.
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4.3.4. Patterns of Perkinsus infection at a smaller spdtscale — pilot survey at Beecroft
Head

During the broad-scale survey in 2005, 35% (7/20akmlone sampled from the site “Beecroft
Head” (within the location “North Jervis Bay”") weirgfected with suspectederkinsus When re-
sampled in April 2005, 26% (8/31) of abalone werfedéted (not significantly different to the
original sample, Fisher's Exact teBtz 0.54).

There was no significant difference in the promors of abalone infected with suspected-
Perkinsusat “Beecroft Head” and areas of reef 250m to i 500m to the north, 250m to the
south and 500m to the south of the “Beecroft Hesit#' (Fisher's Exact tesk = 0.367). Neither
was there significant difference in the proportiafsthe various grades of infection intensity
among these areas (Fisher’'s Exact tést,0.081). Thus, populations of abalone on these&sa
of reef within 1 km stretch of coastline had a $amincidence of suspectd®kerkinsusinfections
and distribution of intensities of infection in efted abalone (Table 4.4).

Table 4.4. Prevalence and intensity of suspedietkinsusinfections (determined using
Ray’s test) in abalone from Beecroft Head and 4&850m and 500m to both the
north and south.

Site Area Ray' test
(relative to Site) n + - Grade
05 1 2 3
500m north 30 5 25 2 1 2 0
250m north 30 9 21 5 1 3 0
Beecroft Head Beecroft Head 31 8 23 3 0 4 1
250m south 30 9 21 1 6 2 0
500m south 3L 4 27 2 1 0 1
152 35 117 13 9 11 2

4.3.5. Intensity of Perkinsus infections

In the broad-scale survey, 65 of the 1189 abalested using Ray’s test were identified with
suspectedRerkinsusinfections. Intensity of infection, indicated byetlyrade classifications from
Ray'’s test, varied among the 65 abalone. Thereawsgnificant difference among the proportions
of infected abalone classified in the various gsadeinfection from Ray’s tests (Chi-square =
40.59,df = 3,P < 0.01). Of the 65 abalone that tested positivagu8lay’s test: 46% (30/65) were
classified as Grade 0.5; 35% (23/65) as Grade % (I71/65) as Grade 2; and 2% (1/65) as Grade
3 infections (Fig. 4.5). Collapsing these gradds fithigh-grade” (grade >2) and “low-grade”
(grades 0.5 and 1) categories, 82% (53/65) of tateabalone had low-grade and 18% (12/65) had
high-grade infections.

Intensities of infection in abalone also differedang locations. Of the abalone that tested positive
by Ray'’s test, proportions classified as low-grade high-grade infections differed significantly
among locations (Fisher's Exact teBtg 0.01). High-grade (Ray’s grade2¥ infections were only
detected between “Central Coast — Sydney” and 1sdervis Bay” (Fig. 4.6). Within these
locations, 59% (17/29) infected abalone had lowdgrimfections and 41% (12/29) were classified
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as high-grade. Infections detected to the nortltheke locations and at the single site within
“Tathra — Eden” to the south were low-grade (Fi)4

In the 5 instances in whidPerkinsussp.-variant ITS was identified by PCR and gene seqing,

the intensities of infection were low-grade (Ra@sade 0.5 or 1). In contrast, in the 9 instances in
which P. olseniby PCR and gene sequencing, 5 high-grade (allsR@yade 2) and 4 low-grade
(Ray’s grade 0.5 or 1) infections were determingdhby’s test.

Although there was no significant difference in greportion of abalone infected with suspected-
Perkinsusin 2005 compared to 2002 (Section 4.3.2), thers wasignificant difference in the
intensity of infections in 2005 compared to 2002ad&s of infection ranged between 0.5 and 3 in
2005 but between 1 and 5 in 2002 (Fig. 4.7). Retsig the analysis to locations common to both
surveys, proportions of positive Ray’s test resalsigned different grades differed significantly
between years (Fisher's Exact teBt< 0.01). In 2005, only 31% (12/39) of infections reve
classified as high-grade whereas 95% (39/41) afciidns in 2002 were high-grade. No Grade 4
or Grade 5 infections were detected by Ray’'s ®&005, but 26% (10/39) were detected in 2002
(Fig. 4.7, Appendix 6 in Section 12.6).

The differences in intensity of infections betw@&92 and 2005 explain the better overall relative
sensitivities of Ray’s test and histology in 20@2npared to 2005 (see Section 4.3.1). The relative
sensitivity in 2005 of histology compared to Ratgst for detectingPerkinsusvas good (96%) for
high-grade infections but poor for low-grade infeos (8%). The proportion of low-grade
infections in 2005 was much greater than in 20@2.dH grades of infection pooled, the relative
sensitivity of histopathology in 2005 was only 3828/87) while in 2002 histopathology detected
more cases than Ray’s test (16 v 13). If, howether relative sensitivity of these 2 tests compared
between 2002 and 2005 is restricted to high-grafiiions, then relative sensitivity of histology
compared to Ray’s test was not significantly difer between years (2002: 90%, 9 Histo + / 10
Ray’s +; 2005: 96%, 24 Histo + / 25 Ray’s +; Fishéixact testP = 0.50).

4.3.6. Within-season variation in prevalence of Perkinsugections

No suspectetRerkinsusinfections were detected in abalone at 2 of tlstes (“South Bowen Is”
and “Sussex Inlet”) surveyed during both Februargt April 2005. At the other 2 sites (“North
Beecroft” and “Beecroft Head”, within location “Nébr Jervis Bay”), there were no significant
differences between proportions of abalone infeatitd suspectedrerkinsusduring February and
April (Fisher's Exact tests? > 0.05 for February v April for individual sites@both sites pooled)
(Table 4.5). Neither were there significant diffeces in the grades of infection between February
and April (Fisher's Exact test® > 0.05 for February v April for individual sites éiboth sites
pooled) (Table 4.5). Note, however, the non-sigalifit (Fisher's Exact tes®, = 0.152) trend for
infections to be of greater intensity during Apmdmpared to February at “Beecroft Head” (Table
4.5).
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Location

Num.

Num.

Grade of Ray's test result

% of abalone that tested +

Abalone Ray's + 0.5 1 2 3
0 5 10 15 20

North Coast 100 22 15 7 0 0 P
Crowdy Head 81 4 0 4 0 0
Forster / Seal Rocks 81 0 0 0 0 0
Port Stephens / Broughton Is 100 6 5 1 0 0 EH
Central Coast / Sydney 103 3 0 0 3 0 I OGrade 0.5

. 1 H Grade 1
Kiama 100 2 1 0 1 0 H B Grade 2
North Jervis Bay 102 11 4 3 3 1 S | W CGrade 3
South Jervis Bay 120 13 2 7 4 0
Ulladulla 100 0 0 0 0 0
North Bateman's Bay 100 0 0 0 0 0
South Bateman's Bay 80 0 0 0 0 0
Tathra / Eden 122 4 3 1 0 0 | H

1189 65 30 23 11 1

Figure 4.6.
survey.

Project No. 2004/084 — Perkinsus-related mortadityplacklip abalone, Liggins G.W. & Upston J.

Variation in the intensity of suspect@grkinsusinfections (grades from Ray’s test) among locatisampled during the 2005 broad-scale
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Proportion of positive
Ray's test results

Figure 4.7.

Table 4.5.

0.6 -
0O 2002
0.5 H m 2005
0.4 -
0.3 -
0.2 - H
0.1 _ ’_‘ ’_‘
0 T T T T T 1
0.5 1 2 3 4 5

Ray's test Grade

Comparison of the intensity of suspecigrkinsusinfections (grades from Ray’s
test) from the 2002 and 2005 broad-scale surveys.

Comparison of prevalence and intensity of suspeeerkinsus infections
(determined using Ray’s test) at 4 sites survegdeebruary and in April 2005.

Location Site February 2005 April 2005
Rays test Rays test
N+ - Grade N + - Grade
05 1 2 3 05 1 2 3
North Jervis Bay North Beecroft 21 1 20 0O 0 1 O 20 3 17 1 1 1 0
Beecroft Head 20 7 13 2 3 2 0 21 4 17 0 0 3 1
41 8 33 2 3 3 0O 41 7 34 1 1 4 1
South Jervis Bay South Bowenls 20 0 20 0O 0O 0 O 20 0 20 0 0 0 O
Ulladulla Sussex Inlet 20 O 20 0O 0 0 oO 20 0 20 0 0 O
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4.4, Discussion

4.4.1. Performance of diagnostic methods

Compared to histology (on multiple organs/tissuasl PCR (on gill and mantle tissues), Ray’s
test on samples of gill tissue from abalone sampie2D05, was the most sensitive for detecting
Perkinsusinfections. Handlingeet al. (2006) discussed the similar sensitivity of Raigst and
histology for detectindgPerkinsusin samples from 2002 but noted the need for furihi@rmation

to confirm the conclusion. In contrast to the 2808vey, most infections in abalone in 2005 were
low-grade and histology generally did not deteététions if the intensity based on Ray’s test was
< Grade 1. Our conclusion that Ray’s test is momsitige than histology for detecting low
intensity infections is consistent with conclusianade for infections oPerkinsusspp. in other
host species (e.g., Almeida al, 1999; Villalbaet al, 2005). Development and study of PCR
assays for detecting infections Bf marinushas been more extensive than for other species of
Perkinsus including P. olseni(Villalba et al, 2004). Some studies have demonstrated greater
sensitivity of PCR than Ray’s test on tissue fotedéng P. marinusin oysters Crassostrea
virginica) in the USA (e.g., Robledet al, 1998; Yarnallet al, 2000). The lesser sensitivity of
histology and the PCR assay compared to Ray'ddestetecting low-grad®erkinsusinfections

in the abalone sampled from NSW in 2005 is mostyila consequence of the relative volumes of
tissue examined by each method. The quantity sfigiexamined in Ray’s test was at least 4 times
greater than the quantities of tissue examinedgusistological and PCR methods. In particular,
the quantity of gill tissue examined was leastHistology, which also examined cross-sections of
a range of other tissues. The intensityPoimarinusinfections has been found to vary within and
among tissue types of oysters (Cletbial, 1989). Thus, the relative sensitivity of the Hatient
methods, as used in our study for detectggkinsus,is likely to be a function of the relative
diagnostic sensitivities of the 3 assg¢s se the tissue types and the volume of tissue exainine
by each of 3 assays.

An important limitation of Ray’s test is that itim®n-specific and therefore, there is the possjbili
that we have detected other organisms such aslajetihtes in addition td”erkinsus(e.qg.,
Almeidaet al, 1999) and this would affect our comparisons ofs#evity. However Perkinsussp.
was identified by histology and/or PCR in abalorenf all locations where Ray’s test positives
were also detected so this scenario is considarikely.

Given the potential advantages of the speed, effagi and specificity of PCR over Ray’s test and
histology for detectindPerkinsusinfections, further development of PCR assaysdfagnosis of

P. olseniandPerkinsussp.-variant ITS infections in abalone in NSW angs#kalia is indicated. In
particular, real-time PCR can be used to more atelyr quantify initial parasite levels in tissue
than the standard PCR, which relies on an end-peandtion (Gauthieet al, 2006). Some pilot
development work of a Tagman real-time PCR for ctétg P. olseniin molluscs is currently
being done at the CSIRO Aquatic Animal Health Labories in Geelong and initial results are
promising (S. Corbeil, pers. comm.). The need tothler development and a formal study of the
comparative sensitivity of real-time PCR, histolaqd Ray’s test is discussed in Section 7.3.

The identification, during this project, of Rerkinsussp. with a unique ITS region sequence
(referred to asPerkinsussp.-variant ITS here) raises questions about tlentamy of this
Perkinsussp. and also the specificity of tiie olsenispecific PCR assay used in this study. If
Perkinsussp.-variant ITS represents a previously undescrétedn ofP. olsenj then the species-
specificP. olseniPCR assay used here is strain-specific as it didlatectPerkinsussp.-variant
ITS. Note that infections dPerkinsussp.-variant ITS were identified by the combinatioiha
positive genus-specific PCR, negatitR olsenispecific PCR and subsequent sequencing of
amplification products from the genus-specific P&ay. Alternatively, iPerkinsussp.-variant
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ITS represents a previously undescribed speci®einsusthen development of a PCR specific
to this species is indicated.

4.4.2. Identification of Perkinsus sp., P. olseni and Pénsus sp.-variant ITS and the
geographic range of infections

Based on the PCR assays and subsequent sequehtiedBS regionP. olseniand/orPerkinsus
sp.-variant ITS were for the first time, positivelgentified in abalone from NSW, infecting
abalone within 7 of the 8 locations at which suspgPerkinsuswas identified by Ray’'s test.
However, the geographic distribution of each stigimot known with certainty due to: (i) the
small numbers of abalone that were testedPferkinsusby PCR and (ii) the identification ¢.
olseniat 5 of the 8 locations at whigrerkinsusinfections were detected and the identification of
Perkinsussp.-variant ITS at 4 of the 8 locations at whiclspmctedPerkinsusinfections were
detected. Similarly, iPerkinsussp.-variant ITS is a different species, then theiacgeographic
distribution of each species is not known with aigrtly for the same reasons.

Future sampling of abalone from the locations aitels ssurveyed during this study with PCR
assays and gene sequencing on a greater sampleailek provide a better understanding of the
geographic distribution oP. olseniand Perkinsussp.-variant ITS and this is a future research
priority (see Section 7.3).

Although there was no confirmation by PCRRf olsenior Perkinsussp.-variant ITS at North
Jervis Bay, it seems reasonable to conclude tleaidémtification of the species Berkinsushere
is indeedP. olsenior Perkinsussp.-variant ITS, given confirmation &ferkinsussp. within this
location by histology and given the confirmationRaofolseniat Kiama (to the north) and bokh
olseniandPerkinsussp.-variant ITS at South Jervis Bay (to the soafiiyorth Jervis Bay.

It is therefore concluded th&t. olseniis one species of the genBsrkinsusinfecting abalone
along the coast of NSW. Evidence from the PCR assaygl gene sequencing also suggests the
presence of a previously undescribdrkinsusspecies or variant strain ¢f. olseni. Note,
however, that further studies are required regardire status oPerkinsussp.-variant ITS as a
strain ofP. olseniversus a previously undescribed specieBarkinsus In subsequent sections of
this report, when necessary and possible, we disish betweerP. olseniand Perkinsussp.-
variant ITS. In all other instances, we simply rdfe “Perkinsus or “Perkinsussp”. BecauseP.
olseni or Perkinsussp.-variant ITS were positively identified in atwaé across the geographic
range of suspectd@erkinsus infections, we dispense with the term “suspe®edkinsus
(positive Ray’s test result) and assume that aésaf “suspecteBerkinsu$ are Perkinsussp.

The geographic range ®ferkinsussp. infections in blacklip abalone in NSW that was itiéed
from the broad-scale survey in 2005 was greatem fhr@viously documented. Infections were
detected in abalone to the north of Port Stephesavdy Head (within location Crowdy Head)
and at Diamond Head, Diamond Head Bay and Poinpddédicular (within location “North
Coast"). However, no infections were detected witbication “Forster — Seal Rocks”, the location
between “Port Stephens” and “Crowdy Head”. On the gouth coast, infections were also
detected in 4 abalone at the Merimbula site withie@ southern-most survey location “Tathra-
Eden”. There were no infections detected at sitésinviocations “Ulladulla”, “North Bateman’s
Bay” and “South Bateman’s Bay”, the 3 locationswestn “Tathra — Eden” and the southern-most
detection ofPerkinsussp. at “South Jervis Bay” in 2002. Thus, the dédecbf Perkinsussp. at
Merimbula in 2005 represents an “outpost” of ini@ctat a single site amongst the total of 20 sites
surveyed to the south of South Jervis Bay in 2005.

Detection ofPerkinsussp. infections to the north of Port Stephens artdeaMerimbula site on the
far south coast, outside of the previously docuegmange may indicate actual extension of the
geographic range dPerkinsussp. in NSW. Alternatively, they may be an artefatthe greater
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geographic range of the survey in 2005. The nontleetent of the 2002 survey was Crowdy Head
and 0/120 abalone tested positive by Ray’'s testitas sampled between Port Stephens and
Crowdy Head. At comparable locations from the 26Q0Bvey (locations “Forster — Seal Rocks”
and “Crowdy Head"), infections were detected inyodf163 abalone sampled. This is not a
statistically significant difference in prevalendene sites to the north of Port Stephens at which
Perkinsussp. was most prevalent in 2005 were all to themoftCrowdy Head within location
“North Coast” and there was no sampling on thiststr of coast in 2002. Similarly, at locations
on the south coast common to both the 2002 and 200&ys, ndPerkinsussp. infections were
identified at any of the sites within locations ladulla” or “North Bateman’s Bay” to the south of
Jervis Bay. The identification d¢ferkinsussp.at the Merimbula site in 2005 was within a location
to the south of the southern-most location surveiye@002. Whilst this section of coast was
surveyed in 2003 (NSW component of the NSDA) tovistes samples for histopathology, Ray’'s
test was not done on these samples. Based onndlinds of the relative sensitivity of Ray’s test
and histology, it is unlikely that any low intensiinfections ofPerkinsussp. in these samples
would have been identified.

Thus, given that the 2002 survey did not extenfaasorth or south as the 2005 survey, we can
conclude an extension in the documergedgraphic range dferkinsussp. infections in blacklip
abalone on the coast of NSW. We cannot concludactual extension of the range. Moreover,
given thatPerkinsussp. was detected in abalone in the northern-masttittn surveyed in 2005
(location “North Coast”, Diamond Head to Bonnielb)i the presence of the parasite in abalone
further north cannot be discounted. Although popaites of blacklip abalone are less abundant on
the far north coast of NSW, future broad-scale eysvof the prevalence dPerkinsussp.
infections in abalone should be extended to incthdefar north coast of NSW (see Section 7.3).

4.4.3. Spatial and temporal variations in prevalence andénsity of infections

In 2002, prevalence dPerkinsussp. infectiongended to be greatest in populations of abalone at
the margins of the infected zone, that is, at RRidgphens and at Jervis Bay. Excluding the
“outpost” of Perkinsussp. infection at Merimbula, the same pattern is appairethe 2005 data.
Prevalence was greatest within location “North Cod22%, 22/100 abalone infected) the
northern-most location at whidRerkinsussp. was detected. On the south coast, at Jervis Bay
infections were detected in 11% of the populatibty102 and 13/120 at locations “North Jervis
Bay” and “South Jervis Bay” respectively). At bdaltte northern “front” and southern (Jervis Bay)
“front”, there were significant differences in pedence ofPerkinsussp. infections among sites
within locations. Within location “North Coast”, fiections were most prevalent at Diamond Head
(75% of abalone sampled were infected) Bedkinsussp. was not detected at the two north-most
sites within the location. Within location “Soutlkerdis Bay”, a different pattern of prevalence
from that documented for 2002 emerged. In 208&kinsussp. was detected in abalone at the 4
most northern sites but not at St. Georges HeadieMer, in 2005, abalone were scarce at these 4
northern-most sites and prevalence of infections wbso less than in 2002 at these sites.
Importantly, in 2005 11/20 abalone from the souttstisite, St. Georges Head, were infected with
Perkinsussp. At locations between these northern and sauttieonts”, Perkinsussp. infections
were less prevalent (up to 6% within any singleatamn) and there were no significant differences
among sites within locations. Note that our sangpktrategy provided the most confidence of
detecting ofPerkinsussp. at the level of location (95% probability oftelting at least one
infected abalone if 3% of the population was infel§tand lesser confidence at the level of site
(46% probability of detecting at least 1 infectdzhlane if 3% of the population at that site was
infected).

The observation of greatest infection prevalencthatnorthern and southern fronts of infection
was apparent from the spatial distribution of itifers from the 2002 survey. Callinan and
Landos, (2006) noted the significance of this patees being epidemiologically consistent with a
propagating epizootic entering naive populatiomssiBtence of this pattern in 2005 (excluding the
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“outpost” of Perkinsussp. infection at Merimbula) with greatest prevakert infections at the
most northern survey location and at the most swathite at South Jervis Bay provides additional
support for such a hypothesis (see Chapter 6).

In preparation for considering the epizootiologypefrkinsosis (in Chapter 6), it is important to
note here, the co-incidence of prevalence and sitieof Perkinsussp. infections in the Jervis Bay
region (North and South Jervis Bay). Infectionsevieoth prevalent and intense in the vicinity of
Jervis Bay in both 2002 and 2005. In contrast etkteemely high prevalence of infections detected
at location “North Coast” in 2005 was not assodatéth high-grade infection intensity. All
infections detected at locations including andhiorth of Port Stephens were low-grade.

Comparisons of prevalence and intensitiePefkinsussp. infections among years (2002 v 2005)
and among sites and locations in 2005 are poténtiédsed if prevalence and intensity were
related to the month during which sampling was doFee broad-scale survey in 2002 was
completed during February — May with most samptingng April — May. The broad-scale survey
in 2005 (“Crowdy Head” to “North Bateman’s Bay”) si@one from January — April, with most
sampling during February — March. Thus, on averaiges were surveyed approximately 2 months
earlier in 2005 compared to 2002. Studies of disga®gression foPerkinsusspp. infecting
various hosts in other locations demonstrate aa8ons between water temperature and both
prevalence and intensity of infections (e.g., R&g@alvoet al, 2003b). If, on average, due to
changes in water temperature or some other seadacimr, prevalence and/or intensity of
Perkinsussp. infections in abalone differ between Februariarch and April — May, then
comparisons among samples that were collectedfierelnt months may be biased. The auxiliary
experiment done at 3 sites at Jervis Bay and dessitg within an adjacent location, “Ulladulla”,
demonstrated no significant differences in infattwevalence or intensity between February and
April. Thus, conclusions concerning comparisonsnééction prevalence and intensity between
2002 and 2005 and among locations and sites sandpledg different months in 2005 are not
confounded. Of course, if sampling were done oettlid summer — autumn period in which water
temperature peaks, then decreased prevalence sabity of infections might be expected.
Seasonal and annual differences in water temperalong the NSW coast and consequences for
Perkinsussp. infections in abalone are discussed in detalliapter 6.

The broad-scale surveys done in 2002 and 2005 geawiformation about the prevalence and
intensity of Perkinsussp. infections at scales of several — 100's of Kimey have provided no
information about the prevalence and intensitynééétions at scales of metres or 100's of metres.
The pilot survey oPerkinsussp.infections in abalone in 5 areas within a 1 km tangf coastline
around Beecroft Head at “North Jervis Bay” provideftbirmation at the scale of 100’s of metres.
Prevalence and intensity Berkinsussp. infections did not differ significantly amorfiese areas.
However, to make the conclusion that abalone oacadit areas of reef (separated by 100’s of
metres) experience similar rates of infection antkrisity requires similar sampling around
multiple sites. This was beyond the scope of thiggat. The pilot study did, however, highlight
the need for alternative experimental designs &mning sparse abalone populations to estimate
prevalence oPerkinsussp. at small spatial scales (100’s of metres @)ldsner-scale sampling

in the vicinity of fronts of infection and diseaseould be fundamental to understanding
mechanisms dPerkinsussp.transmission and frontal progression of perkinsosis
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4.5, Conclusions

« Ray’s test on samples of gill tissue was the messisive diagnostic method for the detection
of Perkinsus Histology (on multiple organs/tissues) detectedy a33% of the infections
detected by Ray’s test. PCR detected only 54%epirtfections detected by Ray’s test.

* P. olseniwas positively identified, by PCR and gene sequngncas one species of the
Perkinsusggenus infecting blacklip abalone in NSW.

< Identification, by PCR and gene sequencing, #feakinsussp. with a previously unknown
ITS-region gene sequendegrkinsussp.-variant ITS) suggests the presence of a vastaain
of P. olseni,or alternatively, a previously undescribed species

* In 2005, Perkinsussp. infections in abalone were identified at midtigurvey sites, within
multiple survey locations between Point Perpendiciyhear Laurieton and within location
“North Coast”) on the north coast of NSW and Stof@es Head (within location “South
Jervis Bay).Perkinsussp. was also identified at a single isolated sMer{mbula, within
location “Tathra-Eden”) on the far south coast &\W.

« P. olseniwas positively identified at multiple survey sitegthin multiple survey locations
between Point Perpendicular (within location “Nofleast”) and St. Georges Head (within
location “South Jervis Bay”).

» Perkinsussp.-variant ITS was positively identified at mplé survey sites within multiple
survey locations between the northern side of Cyokbelad (within location “Crowdy Head”)
and St. Georges Head (location “South Jervis Bay§ at a single isolated site (Merimbula,
within location “Tathra-Eden”) on the far south sbaf NSW.

« Detection ofPerkinsussp. infections in abalone during 2005, at locatitmghe north and
south of the previously documented range Rafrkinsus represents an extension in the
documentedjeographic range d?erkinsussp. infections in blacklip abalone in NSW. Actual
extension of geographic range since 2002 cannotdmeluded because the northern and
southern boundaries of distribution identified D08 were outside the geographic range of the
2002 survey.

» Prevalence ofPerkinsussp. infections in abalone in 2005 differed sigmifidly among
locations and among sites within locations.

« Prevalence of infections durir@D05 was greatest in populations of abalone anththern
and southern margins of the infected zone betweesatibns “North Coast” and “South Jervis
Bay” (excluding the "outpost” of infection at Merbula). This is consistent with maximum
prevalence occurring at the boundaries of the tefézone (locations “Port Stephens” and
“South Jervis Bay”) during 2002.

» Intensity of Perkinsussp. infections in abalone (based on Ray’s test e@ratiffered
significantly among locations in 2005.

« Although there was no significant difference in fhrevalence oPerkinsussp. infections in
abalone in 2005 compared to 2002, intensity ofdtiéms was significantly greater in 2002
(Ray's test grade: 1 — 3) compared to 2005 (Ragsdrade: 0.5 — 4).

¢ The greater intensity d?erkinsussp. infections in 2002 compared to 2005 explaiestbtter
relative sensitivity of Ray’s test and histologyd602 compared to 2005. This is because the
relative sensitivity of these diagnostic methoddester for high-grade infections (96% for
Ray’s grade 2 in 2005) than low-grade infections (8% for Raytade < 2).
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5. PATHOGENESIS OF PERKINSUS SP.IN ABALONE IN
NSW
5.1. Introduction

Perkinsusspp have been demonstrated as primary pathogens amdsgonsible for, or associated
with, mass mortalities of a wide variety of mollaschosts throughout the world (Villallea al.,
2004). Consequently, infections with marinusor P. olseniare listed as notifiable diseases of
molluscs by the OIE (OIE, 2009R. olseni(and con-specifid®. atlanticu3 and a search of
published literature indicates that this speciestie®en implicated or associated with mortalities in
wild or cultured stocks of mollusc species in Aakisia (e.g., Lester, 1986; Lestdral, 1990;
Goggin and Lester, 1995; OIE, 2009), SE Asia (d2guket al, 2005; OIE, 2009), and Europe
(Azevedo, 1989; Villalbat al, 2005; OIE, 2009).

In Australia,Perkinsushas been identified in a wide variety of shellfi@oggin and Lester, 1987,
1995; Hine and Thorne, 2000). Despite the idemtifom of Perkinsusinfecting a moribund
Tridacna gigas(Goggin and Lester, 1987) and mass mortalitieshif $pecies of giant clam in
northern Queensland (Aldet al, 1986), the contribution dPerkinsussp. to the mortalities is
unclear.Perkinsushas been associated with mortalities of greentiglane, in South Australia
(Lester, 1986; Lestaat al, 1990; Goggin and Lester, 1995), and more recdatdlgklip abalone in
New South Wales (see Chapter 2). In South Austr8liaolseniwas first detected in blacklip
abalone in the Spencer Gulf in the late 1970’s tigreand Davis, 1981) and was later associated
with mortality of greenlip abalone in Gulf St Vintein 1980 and each summer from 1982 — 1985
(Lewis et al, 1987; Lesteet al, 1990; O'Donoghuet al, 1991). Diseased blacklip abalone had
been noticed since 1972 by abalone divers, whoreédeyellowish pustules in the flesh of the
abalone (Lester and Davis, 1981). ClusterB.aflsenicells were also found in fresh smears of the
haemolymph (Lester and Davis, 1981). In 1986 aeyuf greenlip abalone in die-back areas
identified heavily infected abalone without macisic signs such as pustules and it was not
possible to distinguish between heavily infected aninfected individuals in the field (Lester,
1986). However, in a later surv&y olseniinfections in both blacklip and greenlip abalonerev
characterised by macroscopic necrotic nodules{B5mm diameter) on the surfaces of muscles
and mantle, and in some abalone the nodules haglaped into abscesses containing creamy
viscous fluid (O’'Donoghuet al, 1991). The nodules showed inclusions of variatimbers of
inflammatory cells (amoebocytes), other host celdsd multiple life-stages ofP. olseni
(trophozoites, dividing stages or tomonts and n@teg), including both live and dead parasites
(O’'Donoghueet al, 1991; Goggin and Lester, 1995). Prezoosporangia wbserved in nodules in
the tissue of blacklip abalone but not in greealijyalone (O’'Donoghuet al, 1991).

The study by O’Donoghuet al. (1991) concluded thaP. olseniwas pathogenic and caused
necrotic lesions within abalone tissues. Moribundeglip abalone in Gulf St Vincent were
heavily infected withP. olseni(Lester, 1986) and surveys showed a strong ctioelbetween the
presence oP. olseniinfection and areas of die-back of greenlip abaldbesteret al, 1990;
O’Donoghueet al, 1991). Although toxicology studies ruled out somfethe main chemical
pollutants as a cause of the mortalities, othesalatactors could not be ruled out (Shepherd,
1985; Lesteret al, 1990; O’'Donoghuest al, 1991). Blacklip abalone were also infected Fay
olsenibut reports of mass mortalities of this speciethawild were lacking (Lesteat al, 1990).
Thus a direct link between mortality of wild abadoandP. olseniwas not established.
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Importantly, evidence thaP. olseniis capable of inducing disease and mortality irutBo
Australian greenlip abalone was provided via a miletd laboratory experiment (Goggin and
Lester, 1995). Hatchery-reared greenlip abalonewgposed to zoosporeskfolseniand held at

2 different temperatures, @and 20C. Within 2 months, 49 of the 53 experimental abalwere
dead (23/23 at £& and 26/30 at 2€) compared to only 9 out of 53 dead in the congroups
(3/23 at 18C and 6/30 at AT). Post-mortem application of Ray’s test confirnfed olseni
infections in the experimental abalone and themtesef infections in the control abalone (Goggin
and Lester, 1995). Goggin and Lester (1995) alporteanother laboratory experiment, previously
unpublished by Lester, involving blacklip abalordthough this experiment was uncontrolled,
one group of abalone, held in water of’@5developed abscesses d@ndolseniwithin these
abscesses were dead. In another group of 4 abdleit,at 18C and subsequently 2D, one
specimen died and liv®. olseniwere recovered from the nodules and haemolymplthef
remaining 3. Further evidence Bf olsenipathogenicity is the mortality events of greemiialone
within culture facilities that occurred followindne introduction of blacklip specimens froln
olseniendemic areas into the tanks (Goggin and Lesg&5)1

Despite the uncertainty about whethrerolseniwas a primary cause of observed mortalities of
wild greenlip abalone in South Australian wateh& hecrotic lesions within host tissues clearly
demonstratedP. olsenias a pathogen in wild greenlip and blacklip abaldrhe most convincing
of the laboratory experiments (by Goggin, 1990ectiin Goggin and Lester, 1995) demonstrated
the mortality of greenlip abalone dueRoolseniunder laboratory conditions. Similarly, mortality
of giant clams;T. gigas following their exposure t®erkinsussp. parasites was demonstrated in
the laboratory (Unpubl. data referred to in Gogdif96). The result provided more certainty
about the pathogenicity #erkinsussp. to this clam species. Prior to the experim@atkinsus
sp. was associated with mass mortalitied ofigason the Great Barrier Reef on the basis that
moribund clams were found to be heavily infectethwiie parasite (Goggin and Lester, 1987) but
other explanations for the clam mortalities suctemagironmental variables, although considered
unlikely, could not be ruled out (see Aldsral, 1986).

In NSW, Perkinsussp.has been associated with mortality events (seet€hapand the pathology
of perkinsosis has been described in abalone thed ®live prior to being sampled in 2002-03 for
the NSW component of the National Survey of DisedseAbalone (Callinan and Landos, 2006).
Histological examinations of moribund abalone hbgen limited to the few individuals collected
following mortality events (Chapter 3). In NSW, peatation of perkinsosis in live blacklip
abalone differs from that described in South AdlstraExternal macroscopic nodules and
abscesses have not been observed in any NSW althlmneere alive at the time of sampling
(Callinan and Landos, 2006). The pathology alstedid from that described for blacklip abalone
from South Australia (Lester and Davis, 1981; O’'Dghueet al, 1991; Goggin and Lester,
1995), with NSW blacklip abalone apparently unablevall off and contairPerkinsussp. cells,
probably resulting in their mortality (Callinan ahdndos, 2006; Handlinget al, 2006). We note
that at the time of die-backs in South Australi®eglip abalone also did not show signs of long-
term infection, such as the abscesses seen inlipladkalone in South Australia (Lester, 1986).
The NSW component of the NSDA included observatiohpathology in 16 abalone in which
Perkinsussp. was detected by histology. Trophozoites andotasnwere identified in multiple
tissues and in most cases, were associated witlifisgnt tissue necrosis and infiltrations of
haemocytes, signifying a host response to infecfarkinsussp. infected haemolymph vessels,
gills, sub-enteric haemocyte beds, the right kidnggnad, hypobranchial gland and the foot
muscle. The most commonly affected area appearbd the haemocyte beds beneath the mucosa
of the gut (Callinan and Landos, 2006).

Differences in the pathology #ferkinsussp. andP. olseniinfections in blacklip abalone in NSW
compared to South Australia suggest differencgmthogenicity of the parasite (Handlinggral.,
2006). Pathogenicity d?erkinsusspp. in mollusc hosts or more generally, of anth@gen in any
host, is a function of the virulence of the pathggaechanisms of host response and interactions
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of these factors with environmental variables. Meaz, virulence of pathogens and effectiveness
of host response may vary among genetic straiiseopathogen and host. For example, amongst
Perkinsusspp., genetic strain variation has been most thghigustudied inP. marinusand Reece

et al. (2001) identified 12 different genetic strainsrajadhe Atlantic and Gulf coasts of the USA.
In addition to the non-uniform geographic distribatof these 12 strains, there was evidence that
oysters could be infected by multiple genetic ssaifP. marinussimultaneously. There has been
no equivalent study of intra-specific genetic vioia in P. olseniin Australia.

Conclusive evidence for the primary portals of griitr Perkinsusparasites into hosts is lacking
(Villalba et al, 2004) but results from experimental infectiondoéts (e.g., Chintalet al, 2002)
and identification of organs infected in hosts wiatv-intensity infections (e.g., Casas, 2002 cited
in Villalba et al, 2004) note the importance of the gill and lalpialps as primary portals of entry
for clams. For oysters, that gill, labial palps anantle are equally, if not more, important thah gu
epithelium (Chintalaet al, 2002). Subsequent multiplication of the paraaitd progression into
multiple organs in the host results in destructibtissue, loss of normal structure, probable organ
dysfunction and may lead to death of the host (&&.Peyreet al, 1995; Villalbaet al, 2004;
Parket al, 2005).

In addition to mortality,Perkinsusparasites can have sub-lethal effects on hostsnthy have
important ecological and economic implications. §&sub-lethal effects include: negative effects
on growth and condition of hosts (e.g., AndrewH1;asas, 2002, cited in Villalled al,, 2004;
Brown et al, 2005); reduced reproductive potential due tolititn of gametogenesis, decreased
spawning frequency and egg production (e.g., Dittetaal, 2001; Casas, 2002, cited in Villalba
et al, 2004; Parlet al, 2006a); and increased susceptibility to seconuidegtions (e.g., Montes
et al, 2001). Such effects are the likely consequence géneral weakening of the host due to
decreases in the energy available for investmegramwth, reproduction and immune responses.
Results of studies of the balance between enemgyisiton and consumption have been variable
(Villalba et al, 2004) but some predict negative energy balangegaPerkinsusinfections (e.g.,
Choiet al, 1989; Casas, 2002, cited in Villalbaal, 2004).

An overview of the pathogenesis of infectionsPafrkinsusspp. in abalone and subsequent host
responses is provided by Villalled al. (2004). Hoopeet al. (2007) provide a review of stress and
immune responses in abalone. The primary host nsgpdo Perkinsusinfection in abalone
species, venerid clams and several other speciedvas infiltration of haemocytes into tissues
and encapsulation of parasite cells by the haeresdigee review by Villalbat al, 2004; and
Cremonteet al, 2005; Parlet al, 2005). Intense infections are characterised bijipheilarge foci
where both free and encapsulated parasites ocgyically, these inflammatory foci become
macroscopically evident as pustules or abscessesocfated with encapsulation, secretion by
haemocytes of polypeptides, likely to destroy theapite, has been described in several instances
(Chagotet al, 1987; Monte®t al, 1995; Sagristat al, 1995).

A range of environmental factors affect pathogewiof Perkinsusspp., either by affecting the
virulence of the parasite, the capacity of the hostespond to infection or their interaction
(Villalba et al, 2004). The role of environmental factors (e.gatew temperature, salinity,
pollution and food availability) in the epizootigjp of perkinsosis is considered in Chapters & It i
relevant here, however, to note the evidence fesahactors affecting the intensity Bérkinsus
infections in hosts. Intensity dP. marinusinfections increases with increasing salinity and
temperature. A seasonal pattern in the intensify. gharinusinfections in oysters (Villalbat al,
2004) andP. olseni/ P. atlanticusinfections in clams (Villalb&t al, 2005) is determined by the
annual temperature cycle, with intensity lowestvinter months, increasing in spring and peaking
in late summer/autumn at which time mortalities arest concentratedn vivo andin vitro
laboratory experiments have also demonstratechtheshce of temperature and salinity on disease
progression and regression by modulating the masiuine system (e.g., Chu and La Peyre, 1993a,
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1993b) as well aPerkinsusactivity (e.g., Auzoux-Bordenavet al, 1995; Ahn and Kim, 2001,
Casaset al, 2002).

Investigations of the pathogenicity Berkinsussp. in blacklip abalone on the NSW coast were
limited, in the current study, to analyses basedttm pathology of infections observed by
histopathology using tissue samples derived fram &balone that did not exhibit overt signs of
infection. The results were compared with Ray'sdgrg of infection intensity to assist with our
interpretation of level oPerkinsussp. infection with respect to disease progressiwhraortality
(e.g., Brousseau and Baglivo, 2000). An understandf pathogenesis dfekinsussp. to NSW
abalone is essential for our interpretation of Bleekinsusrelated mortality events that have been
documented for NSW (Chapter 2). The principal ofijes of this component of the project,
presented in this chapter, were to:

® investigate the distribution ofefkinsussp. infections in organs/tissues of blacklip
abalone;
(i) investigate the pathology and pathogenicity Redrkinsussp. (tissue necrosis,

changes in organ morphology and likely functiormapairment of organs, host-
response to infection);

(i) identify pathogens other thdderkinsussp. (and describe associated pathology and
pathogenicity if detected);

(iv) assess the effect dPerkinsussp. infection on the condition (weight-length
relationship) of abalone;

(v) assess evidence regarding the site (organ/ tigguiejtial infection and disease
progression (based on the distributiorPefkinsussp.in organs/ tissues from (i)).

In addressing these objectives, conclusions weierabhde with respect . olseniandPerkinsus
sp.-var. ITS (as distinct frorRerkinsussp.) for the small subset of abalone for which gjmec
identification was made by PCR and gene sequencing.

5.2. Methods

5.2.1. Histology

Histology was examined for a sub-set of abalarre 209) collected during the 2005 survey. These
abalone were sourced from both the broad-scaleeguand auxiliary surveys described in Chapter
4. This sub-set included a total of 87 abalone tibsted positive for suspect@grkinsushy Ray’s
test (Grade 0.5 = 30, Grade 1 = 32, Grade 2 = 2@,@rade 3 = 3). The general methods for
histological examination were fully described indpter 4 (Sections 4.2.1.2 and 4.2.1.3). Five
standardised ~ 5 mm partial cross-sections ofdisgere taken from preserved whole abalone and
processed using standard histological techniquls. sEctions included foot muscle, epipodium,
oesophagus (where possible), digestive gland amdtdut, kidney, heart (where possible), gills,
and gonad from each individual. Tissue sectionseweut at 2 — 5 um and stained with
haematoxylin and eosin. Each organ was examimeditu, preserving the relationship to
surrounding organs. Stained tissue sections o&lfaone were examined using light microscopy
and all parasites, abnormalities, and potentidiggdns that were observed were recorded for each
individual.

For each tissue or organ examined the number afsjiarcells observed was categorised as either
1(1-5cells), 2 (6 — 10 cells), or 3 (> 10 cell&rophozoite and dividing (tomont) life-stages of
Perkinsussp. were not differentiated from one another anthesas counted as single parasite

Perkinsus-related mortality of blacklip abaloneggins G.W. & Upston J. Project No. 2004/084



82 Industry & Investment NSW

cell. Gregarine parasites were usually presenh@nextensive hemocoel of abalone, thus their
position with respect to surrounding organs aneiotissues was recorded. Presence of amoeboid
protozoa within organs and tissues was noted leubthanisms were not counted.

For each abalone examined, the pathology of dissade as changes induced in the morphology
of organs and tissues by infection was describegpBnse of the host abalone to infection was
also measured by scoring haemocyte activity (pesad, aggregations) on a scale of increasing
abundance from 1 (few), 2 (medium), to 3 (many)teNthat in the current report, we do not
distinguish among types and sub-types of haemodyesapproach adopted by Villallea al.,
2004). Fisher’'s Exact test was used to test farifsignt differences in the frequency of the grades
of haemocyte activity among the grades of infectidansity (Ray’s test grades).

5.2.2. Effect of Perkinsussp. infection on condition of abalone

To test whether the “condition” (relationship beemewneight and length) of abalone was affected
by Perkinsussp. infection, analysis of covariance (ANCOVA) wased with a sub-set of data
collected from abalone at sites near Jervis Bagll 3&ngths (to the nearest mm) and wet meat
weights (to the nearest gram) of 212 abalone deltefrom 3 sites (Beecroft Head, Targets, St.
Georges Head) within the locations “North Jerviy'Band “South Jervis Bay” were used for this
analysis. Relationships between wet meat weight Bemjth were made linear by log-
transformation of both variables. ANCOVA was usedtdst for differences in the relationship
between log(meat weight) and log(length) of abalion® groups: ndPerkinsussp. infection; low-
grade (Ray'’s test grades 0.5 and 1); and high-giRd¢'s test grades 2) infections.

This sub-set of data from the 3 sites describedeloomprised abalone sampled from these sites
during the broad-scale survey and auxiliary survégscribed in Chapter 4. This analysis was
restricted to abalone from these 3 sites becai)garoportions of abalone infected wilrerkinsus
sp.at these sites were relatively high; and (ii) nursls abalone with high-grade infections were
greatest at these sites; and (iii) these siteslase together on the coast of NSW. If abalone from
all sites on the NSW coast had been included aedethvas a difference in length-weight
relationships among sites (associated with latjutieen this would bias estimates of length-
weight relationships for abalone with no infectionlow-grade infections relative to high-grade
infections (only 3 high-grade infections were fouatdsites other than North Jervis Bay or South
Jervis Bay).

5.3. Results

5.3.1. Distribution of Perkinsus sp. and P. olseni in orga

A total of 29Perkinsussp. infections were detected in the 209 abalonene using histology.
Intensity of infection (based on numbersRarkinsussp.cells observed) was not recorded for 2 of
these abalone (only presence / absence was rejosdethese data were excluded from the
following analyses. Thus, the following analysempase a sample size of 27 abalone.

Of the 29Perkinsussp. infections identified by histology, positivdentification by PCR and gene
sequencing oP. olseniwas also made in 5 cases and there was no posieveification of
Perkinsussp.-variant ITS. Of the 2Perkinsussp. infections identified by histology for which
infection intensity was also recorddd,olseniwas identified by PCR and gene sequencing in 4
cases.

The incidence ofPerkinsussp. infections differed among organs: Intestine/Z2178%), qills
(18/27, 67%), kidneys (16/27, 59%), stomach (13823%) and heart (7/15, 47%) were infected
most frequently (Fig. 5.1). Less frequently affecteere epipodium (10/23, 43%), digestive gland
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(8/27, 30%) and oesophagus (4/23, 17%). Muscle7(2’26) and haemolymph within the
hemocoel (1/23, 4%) were infected infrequently andnfections ofPerkinsussp. were observed
in gonads (0/26, 0%) (Fig. 5.1).

For the 5 cases dP. olseniinfection identified by PCR and gene sequenciimg;idence of
infections observed in specific organs by histolaggre: Intestine (2/5), gills (4/5), kidneys (3/5),
stomach (1/5), heart (1/2), epipodium (1/5), diyesgland (1/5), oesophagus (0/5), muscle (2/5),
haemolymph within the hemocoel (1/5) and in gon@ds).

The frequency of each of 3 grades of infectionriatly (Grade 1 for 1 — 5 cells, Grade-2 for 6 — 10
cells, Grade-3 for > 10 cells present) is also showrFigure 5.1. Histology could not be assessed
for every organ in each individual abalone as sastifrom individual animals sometimes missed
target organs. A sub-set of 5 organs (kidneyss,gilitestine, muscle and digestive gland) were
examined for all 27 abalone. For these 5 orgamsetivas no apparent difference in the ratios of
Grade 1, Grade 2 and Grade 3 infections.

Perkinsussp. infections were generally observed in multigrgans/ tissues of individual abalone.
In only 6 of the 27 abalone was a single organssut infected. In 17 of 27 abalone, 3 or a greater
numbers of organs/ tissues were infected WAghkinsussp. Median number of organs/ tissues
infected was 4 (range 1 — 8). Thus, infections etk in these 27 abalone were generally
systemic. Conclusions of systemic infection andrérege of organs and tissues infected in abalone
sampled in 2002-03 were similar (Callinan and Land2006). In contrast to the 2005 survey,
Perkinsussp.infections were found in gonad tissue of abalomepded in 2002-03.

For the 5 cases d?. olseniinfection identified by PCR and gene sequencingyr 3 greater
number of organs/tissues were infected viAgrkinsusin 4 of the 5 abalone. The median number
of organsftissues infected was 3 (range 2 — 5).si8ant with the results fdPerkinsussp.,
infections were systemic.

It is also of interest that in the 6 instances thédction was detected in a single organ, the mrga
affected was the gill in 4 abalone, and epipodiurd atomach in each of another 2 abalone.
Intestine, the organ most frequently infected i@ #7 abalone examined here, was not the site of
infection in any of the 6 abalone in which onlyiagée organ was infected.

5.3.2. Evidence of organ destruction and impairment

There was no histological evidence of organ destmoor impairment in abalone not infected
with Perkinsussp. This was in marked contrast to the pathologp@ated with abalone heavily

infected with Perkinsussp. Necrotic tissue associated wRlerkinsussp. was observed in the

digestive gland of some individuals. Inflammatiomsanoted in the wall of the intestine (with
associated ulceration), stomach and gills of séwapalone, including one of the abalone for
which P. olseniwas positively identified by PCR. The most strikiand general observation was
of significant aggregation and infiltration of hagegtes into tissues (see Section 5.3.3).
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Figure 5.1.  Frequency ofPerkinsussp. infection, and of 3 grades of infection inténsi
(increasing in level of intensity from 1 to 3), denined by histology.
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Overall, the pathology observed in abalone samgigthg 2005 was less severe than observed in
the 2002-03 sample of abalone. Tissue necrosismegie extensive in abalone from the 2002-03
survey (Callinan and Landos, 2006). With respedhthaemocyte beds beneath the mucosa of
the gut Callinan and Landos (2006) observéafections at this site had led to disruption difet

gut epithelium and sloughing of mucosa and Perldngrganisms into the lumenAnd, “
proliferation of Perkinsus organisms within gill ssels sometimes resulted in vessel blockage
(infarction) and gill necrosi$.Several images of the pathology observed from2208 samples
and published in Callinan and Landos (2006) aremtgu here in Appendix 5 — Section 12.5.2.

Based on grades of infection intensity in gill tisfrom Ray’s test, the 16 abalone sampled during
2002-03 that tested positive to the presenc®akinsussp. by histology, were more severely
infected than the sample of 29 abalone from 2008d€&s of infection from Ray’s test ranged from
1 -5 (median Grade 3) for the 2002-03 sample blyt lbetween 0.5 — 3 (median Grade 2) for the
2005 sample. The most extreme pathology observatidtone tissues from 2002-03 was observed
in tissue samples from abalone that were Graded4Gaade 5 by Ray'’s test on gill tissue. Thus,
the greater intensity of infections observed in2002-03 compared to the 2005 sample (based on
Ray’s test grades) corresponds with the greatsudisiegeneration and necrosis observed in the
2002-03 sample.

The pathology associated wiBerkinsussp. observed in 16 abalone from 2002-03 and now 29
abalone from 2005, 45 abalone in total, providdisl svidence ofPerkinsussp.as a pathogen in
blacklip abalone in NSW. More specifically, pathgyoassociated with the 5 specimens from
2005, within whichP. olseniwas positively identified by PCR, provides soliddence ofP.

Project No. 2004/084 Perkinsus-related mortalityptzfcklip abalone, Liggins G.W. & Upston J.



Industry & Investment NSW 85

olsenias a pathogen in blacklip abalone in NSW. Becasegetwas no observation Berkinsus
by histology for any of the 5 abalone identified R and gene sequencing as ha®egkinsus
sp.-variant ITS infections, the pathogenicityRarkinsussp.-variant ITS remains unresolved.

5.3.3. Host response to infection

Upon examination, the amount of haemocyte actigityl aggregation within organ tissue was
graded qualitatively (by the same observer, P) @itb four categories: “-” indicating no activity
and “+”, “++"” and “+++" to indicate increasing aetly and aggregation of haemocytes in organ
tissues. Proportions of the 4 grades of haemoaostigity differed significantly among abalone
classified by infection intensity (Ray's test gradéisher's Exact testP < 0.01). Tissue
infiltration and aggregation of haemocytes was g®ain abalone with higher grade infections
(Fig. 5.2) — evidence of a host response to infedthat increases with infection intensity.
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Figure 5.2.  Relationship between intensity of infection (basedgrades of Ray’s test on gill
tissue) and haemocyte activity (based on 4 grawes fistology) in 209 abalone.
Upper panel represents absolute frequency. Lowerelpeepresents relative
frequency.
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For the 4 cases dP. olseniinfection identified by PCR and gene sequencimg, Which the
amount of haemocyte activity and aggregation withigan tissue was recorded, activity was noted
in all cases (2 of “+" and 2 of “++").

5.3.4. Effect of Perkinsus sp. infection on condition obalone
There was no significant difference in the condit{tength — meat weight relationship) of abalone

with low-grade infections (Ray’s grades 0.5 andhigh-grade infections (Ray’s gradef)or no
infection (Fig. 5.3 and Table 5.1).
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Figure 5.3.  Relative condition of abalone with high-grade, igrade and no infections of
Perkinsussp. — meat weight versus shell length and log(meat higigersus
log(shell length).
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Table 5.1. ANCOVA summary table, log (Meat weight) v Log (8Hength).

Treatment Intercept Slope SS df MS F P

No infection -10.474 3.266 3.5057 154 0.0228

Low-grade infection -9.352 3.021 0.6804 34 0.0200

High-grade infection -11.220 3.420 0.1414 18 0.0079

Summed 4.3276 206 0.0210

Common -10.473 3.261 43823 208 0.0211

Difference among slopes 0.0548 2 0.0274 1.304 0.274 NS
Total -10.427 3.254 4.4215 210 0.0211

Difference among adjusted means 0.0392 2 0.0196 0.929 0.397 NS
5.3.5. Presence of other pathogens and organisms

Apart from Perkinsussp., no other pathogens were detected by hist@bgixamination. Other
organisms found in more than one abalone were gregprotozoa (in 54/209 abalone), mostly in
the hemocoel and associated with the intestine, iacidental amoeboid protozoa (in 36/209
abalone), which were found mostly in the gills. fehavas no significant difference in the
frequency of gregarines or amoebas detected irabdbetween groups that were or were not
infected withPerkinsussp. (Gregarines: Chi-squared = 1.2€88= 1, P = 0.254; Amoeba: Chi-
squared = 0.27&lf = 1, P = 0.598). Thus, host response (haemocyte actitotiPerkinsussp. was
not confounded by significant differences in theidence of other organisms present in abalone.

Perkinsussp. (with specific identification oP. olseniby PCR in several cases) was the only
pathogen identified in any of the 209 abalone eranhiin this study. SimilarlyRerkinsussp. was
the only pathogen found in any of the 407 wild abal examined histologically in 2002-03 £
380 published in Callinan and Landos, 2006= 27 from 2002-03 NSDA data-set but not
published).

5.4, Discussion

In this study, observations of the pathologyPefrkinsussp. infections were made in 29 blacklip
abalone. These observations, when combined witbrrimdtion gained from the 16 abalone in
which Perkinsussp. was identified by histology during the NSDA, inforgeveral significant
conclusions about the pathogenicity Pérkinsussp. parasites (including. olsenj in blacklip
abalone in NSW.

Many more abalone than those described above wemmieed using histology: a total of 209
from the 2005 survey and 407 wild abalone sampigthd 2002-03 for the NSDA. No pathogens
other thanPerkinsussp. (andP. olsenj were identified in either of these surveys. Naravany
other pathogens identified upon examination of @b@lassociated with mortality events during
the 1990's (Table 3.1 and Appendix 4 in SectioMLZ2There is no evidence of any pathogen,
other tharPerkinsussp. (andP. olsen), in populations of blacklip abalone in NSW during fhast

15 years. Moreover, the evidence of disease inoabatampled during 2002 and 2005 including
tissue necrosis, inflammation and haemocyte iafilhn and aggregation cannot be associated with
any organism other thaerkinsussp. (andP. oslen).

Infections ofPerkinsussp.that were identified by histology were generallytissue samples from
abalone that were diagnosed with high-grade indesti(> 100 cells) by Ray’s test (see Section
4.3.1). Moreover, infections detected by histoleggre generally systemic. In 4 of the 6 instances
that histology detecteBerkinsussp. parasites in a single organ, the infected owgas the gill.
Whilst this observation is consistent with the didling the primary portal of entry féterkinsus
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sp.it does not demonstrate this. Better evidence woatde from a more sensitive methodology,
applied to tissue from multiple organs from a samgflabalone. If, using such a methodology, gill
tissue was consistently the only site of infectionabalone with low-intensity non-systemic
infections, then the evidence for gill as the priynportal of entry forPerkinsussp. into blacklip
abalone would be substantial. A PCR assay, idegifntitative (such as Tagman) with sufficient
sensitivity, or other advanced molecular techniguesh as immunoassays (e.g., Remacha-Trivino
et al, 2008), would facilitate such analyses. Alterneliyy Ray’'s test could potentially be applied
to multiple organs/tissues. Laboratory experimemtbere uninfected abalone are exposed to
infective stages oPerkinsussp. and then sampled over time, could also be donervestigate
primary site(s) of parasite entry into the abaland disease progression.

The result that infections detected by histologyrevgenerally systemic is consistent with
conclusions drawn from the 2002-03 survey (Callinad Landos, 2006). Indeed, the proliferation
of Perkinsusspp. and progression into multiple organs is we#cribed in other hosts (Villalted
al., 2004, Parlet al, 2005).

In abalone with high-intensity infections, there swavidence of substantial tissue and organ
damage. Necrotic tissue associated vAdrkinsussp. trophozoites and tomonts was observed in
abalone sampled during 2003 and 2005. The extemkiwgage to tissues observed in the most
severely infected abalone from 2003, disruptiorthef gut epithelium and infarction in the gills,
suggests impairment to normal nutrient absorptiwch respiration. The abalone from which these
tissues were sampled were alive, but moribund, wdalected and, given the severity of the
lesions observed histologically, it is likely thaach intense infections would result in mortality.
Histopathology done on moribund abalone, samplexh fa future mortality event, would provide
further insights into the degree of tissue necrasid destruction associated with morbidity and
mortality (see Section 7.3).

Infiltration and aggregation of haemocytes wereeobsd in tissues from samples of abalone from
2003 and 2005. For the 2005 sample, a qualitatimdigg of haemocyte activity and aggregation
within organ tissue demonstrated a positive retetiip between infection intensity (Ray’s test
grade) and haemocyte activity. Tissue infiltrateomd aggregation of haemocytes was greatest in
abalone with higher grade (Ray's grade)>infections. Noticeable histopathological effeat
abalone at known levels of infection intensity,ireated by Ray’s test, allows interpretation of
level of Perkinsusinfection with respect to disease progressionrandality (e.g., Brousseau and
Baglivo, 2000). The lack of encapsulationR&rkinsussp. cells by haemocytes, as describedPfor
olseniinfections in South Australian blacklip abalonesgter, 1986), suggests a difference in the
virulence ofP. olseni(or strain) and/or a difference in the resistaotblacklip abalone in NSW
compared to South Australia. Potentially, multisteains ofP. olsenimay exist in Australia as
occurs withP. marinusin the USA (Reecet al, 2001). The value of this line of research is
discussed in Section 7.3.

The pathology associated witPerkinsussp. observed in 16 abalone from 2002 and now 29
abalone from 2005, 45 abalone in total, providdisl svidence ofPerkinsussp.as a pathogen in
blacklip abalone in NSW. This conclusion is basedtbe firm evidence of tissue necrosis,
destruction of normal tissue structure, infarctioh gills and the host response of abnormal
haemocyte activity in infected tissues. Moreoviee, bbserved histopathology for the 5 specimens
sampled in 2005, within whicR. olseniwas positively identified by PCR, provides soliddence

of P. olsenias a pathogen in blacklip abalone in NSW. The mgghizity of Perkinsussp.-variant
ITS, however, remains unresolved because there m@@bservations dPerkinsusby histology

for any of the 5 abalone identified by PCR and gesguencing as havirgerkinsussp.-variant
ITS infections.

In addition to the conclusions drawn from histopddlgy, this project also addressed the
possibility of a sub-lethal impact of infection dme body condition of abalone. There was no

Project No. 2004/084 Perkinsus-related mortalityptzfcklip abalone, Liggins G.W. & Upston J.



Industry & Investment NSW 89

significant difference in the condition (length -eat weight relationship) of abalone without
infections, low-grade or high-grad@erkinsussp. infections. Conclusions from similar analyses
with respect to other hosts infected Bgrkinsusspp. are variable. Deterioration of weight at
length or other indices of condition have been regab(e.g., Paynter, 1996; Casas, 2002, cited in
Villalba et al, 2004; Brownret al, 2005) but other studies show no effect (Payrii@®6; Cigarria

et al. 1997; Goggin, 1996). It is possible that body é¢tod of abalone may deteriorate when
infection intensity is greater than that observied2005. If higher-grade infections (i.e., Ray’s
grade 4 or 5) are detected in future surveys ormpbsfollowing observed mortality events, a
similar analysis of the effect of infection intetysbn body condition would be desirable. Increased
susceptibility to secondary infections is anothds-kthal effect ofPerkinsusspp. that has been
observed elsewhere (e.g., Montdsal, 2001). We found no evidence of other pathogemsgu
examination of histology of samples from this pobje

The scope of this project did not extend to angstof the effects oPerkinsussp. infection on
reproductive potential. However, the evidence bfbition of gametogenesis, decreased spawning
frequency and egg production from other studieg.,(®ittmanet al, 2001; Casas, 2002, cited in
Villalba et al, 2004; Parlet al, 2006a) should not be ignordRerkinsussp. infections were found

in gonad tissue of abalone sampled during 2002@3nbt in 2005. Some evaluation of the
reproductive potential of the population of abalsamaining in zones F — L of the fishery (i.e.,
Port Stephens to Jervis Bay) would inform any aseest of stock recovery.

A more detailed analysis of the importance of watemperature in the epizootiology of
perkinsosis is presented in Chapter 6. It is reletare, however, to note correspondence between
infection intensity in samples from 2002 and 2008 avater temperature during the same years.
Intensity of Perkinsussp. infections in abalone from the Jervis Bay regias greater in 2002
than in 2005. Water temperatures were also grelaténg the 9 months prior to sampling in 2002
compared to 2005. Water temperatures were aboveageveprior to sampling in 2002 but
approximately average in 2005 (see Section 6.3.8[#)s is of note here because of the
consistency of this observation with the positieationship between water temperature and
infection intensity and mortality identified in slies of Perkinsusspp. infections in other hosts
(e.g., Villalbaet al.2004).

5.5. Conclusions

« Infections ofPerkinsussp. (including a subset of cases for whigholseniwas positively
identified by PCR and gene sequencing) in abatbaé were identified by histology were
generally systemic with intestine, gill, kidneypitach and heart most frequently infected.
Less frequently infected were epipodium, the digestgland, oesophagus, muscle and
haemolymph within the hemocoel. These observatizgre consistent between samples from
2002-03 and 2005.

e Substantial tissue and organ damage occurred itoraavith high-intensity infections.
Necrotic tissue associated witPerkinsussp. trophozoites and tomonts was observed in
samples from 2002-03 and 2005. In the most sevémédgtions (2002-03), disruption of the
gut epithelium and infarction in the gills, suggesimpairment to normal nutrient absorption
and respiration (Callinan and Landos, 2006).

< Infiltration and aggregation of haemocytes providealence of host response to infections of
Perkinsus sp. (including a subset of cases for whRicolseniwas positively identified and
there was a positive relationship between infectimansity (Ray’s test grade) and haemocyte
activity.
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« The evidence of substantial tissue necrosis, odgamage and haemocyte activity associated
with Perkinsussp. cells in samples from both 2002-03 and 200%iges solid evidence that
Perkinsussp. (and specificallf?. olsenj is pathogenic to blacklip abalone in NSW.

e Pathogenicity oPerkinsussp.-variant ITS remains unresolved.

* The lack of encapsulation d¢ferkinsussp. cells by haemocytes, as describedFoolseni
infections in South Australian blacklip abalone gtax, 1986), suggests a difference in the
virulence ofPerkinsussp. (or strain) and/or a difference in the resistaof blacklip abalone
in NSW compared to South Australia.

* No pathogens other thd@erkinsussp. (andP. olsen) were identified by histology in tissue
samples from the 2005 survey. Nor were any pattogémer tharPerkinsussp. identified in
samples from the 2003-03 NSDA survey or in thetkhisamples associated with mortality
events.

e Infection intensity did not affect the length-weigtondition of abalone sampled in 2005.
Because extremely high-grade infectiondPefkinsussp. (Ray’s grade #) were absent from
samples in 2005, this conclusion is restricteda@al@ne with infection intensity Ray’s grade
3.

* No conclusions about the primary portal for entfyPerkinsussp. into abalone are possible.
However, the finding that gill was infected in 4 thfe 6 instances that histology detected
Perkinsussp. in a single organ, is consistent with thelggling the primary portal of entry.
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6. THE EPIZOOTIOLOGY OF PERKINSOSIS AND MASS
MORTALITY OF BLACKLIP ABALONE IN NSW

6.1. Introduction

In this chapter, we consider the epizootiology efinsosis detected in blacklip abalone and the
Perkinsusrelated mortalities of blacklip abalone that ocedrat specific times since the early
1990s and at specific locations along the NSW cadaisially we review current knowledge of the
epizootiology ofPerkinsusspp. in mollusc hosts and then consiBeolseniandPerkinsussp. in
Australia. Finally, alternative hypotheses regagdithe epizootiology of perkinsosis and
Perkinsusrelated mortality of blacklip abalone in NSW amnsidered.

Note that the consideration of epizootiology instlchapter concernBerkinsussp. and noP.
olseni or Perkinsussp.-variant ITS separately. This is because: @ shatus ofPerkinsussp.-
variant ITS as a separate strainRaf olsenior previously unidentified species Berkinsusis
unclear (Chapter 4); (ii) the small proportion diadone for whichPerkinsussp. infections were
identified by Ray’s test anB. olsenior Perkinsussp.-variant ITS were identified by PCR and
gene sequencing (Chapter 4) and (iii) the unresopathogenicity ofPerkinsussp.-variant ITS
(Chapter 5).

6.1.1. Epizootiology of Perkinsus spp. in mollusc hosts

Transmission

Whilst all 3 principal life-stages (trophozoite, gnospore or prezoosporangium, zoospore; see
Section 4.1.1) oPerkinsusspp. have been shown experimentally to causetiafecin shellfish
(Villalba et al, 2004), the principal stage for transmission oé ttlisease in the natural
environment is unknown (Chu, 1996). Controlled Iabory infection challenges have
demonstrated infection of eastern oysté€rsyirginica by P. marinusto be dose dependent (e.g.,
Chu and Volety, 1997). TransmissionRérkinsusspp. occurs both with and without alternative /
intermediate hosts (e.g., Whigeal, 1987; Goggin and Lester, 1995; Villalbhal, 2004).

Both live and dead hosts are potentially sourceafettive stages dPerkinsusspp. For example,
viable P. marinustrophozoites are released from li@evirginicathrough diapedesis and in faeces
(Scanlonet al, 1997; Bushelet al, 2002; Villalbaet al, 2004). Assuming that zoosporulation
following hypnospore formation occurs in the natmavironment as has been observed in vitro,
then transmission following death of the host maythrough either the hypnospore or infective
zoospores (Villalb&t al, 2004).

Isolation of hypnospores from decaying molluscugssr from tissue culture in RFTM results in
the production of zoospores when the hypnospoglaced in seawater. In vitro zoosporulation
is mediated by both temperature and salinity whtfeshold values below which zoosporulation
does not occur (Chu and Greene, 1989; Auzoux-Bengeat al, 1995; Ahn and Kim, 2001;
Casaset al, 2002). Auzoux-Bordenavet al. (1995) achieved sporulation @&. olseni / P.
atlanticus at temperatures of 24and 28 but not at 7 and 15. Ahn and Kim (2001) found
increased developmental rates and zoospore produgith increasing temperature and achieved
maximum rates of sporulation at temperatures gretitan 20 but with some production of
zoospores occurring at temperatures as low ‘asCasaset al. (2002) found the optimum
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temperature range for zoosporulation was 19 °C28th lesser production of zoospores down to
15°. Zoospores held at low temperatures remainedei@lseveral months and gave rise to viable
zoospores after they were transferred to highepéeatures (Ahn and Kim, 2001; Casstsal,
2002). It has been postulated that the hypnospay Ime a dormant stage in the life-cycle of
Perkinsusspp. given that hypnospores can survive for exténukriods under conditions that
prevent zoosporulation without losing ability toosporulate (Chu and Greene 1989; Caxter.
2002).

Extension of the geographic rangeR#rkinsusspp. infections may be mediated through passive
or active mechanisms of transmission. Many orgasibiave been introduced into new regions
through translocation by human activities such ldpmng and aquaculture (Cohen and Carlton
1998; Galil, 2000). Any human activity that invodvenovement of infected hosts, including
commercial or recreational fishing of host specigstentially facilitates transmission of the
parasite and extension of range. Predators of hoais also be active vectors of the parasite.
Hoese (1967) found th&erkinsugrophozoites survived passage through the intestiri fish and
Gogginet al.(1990) observed motile zoospores in faeces recdvieoen fish that had been fed
tissue infected withPerkinsussp. Passive transmission of the parasite from twohbst in close
proximity to one another and transportRerkinsuscells (trophozoites, hypnospores or zoospores)
assisted by ocean currents represent passive rEaaasmission.

Factors affecting spatial and temporal variatiomsprevalence and intensity of perkinsosis

Spatial and temporal variations in both the pravadeand intensity oPerkinsusspp. infections
are affected by multiple factors that affect theagite, the host or their interaction (Villalbaal,
2004). The greatest research effort has focuse@. anarinusinfecting oysters in the U.S.A. and
the effects of temperature and salinity on annyales of prevalence and infection intensity and
geographic range.

Perkinsusprevalence and infection intensity are positivadyrelated with salinityP. marinushas
colonised low-salinity areas that have undergomsated salinity following droughts, and once
established in these areas, persists followingedses in salinity to normal levels. When salinity
increases again, so does the prevalence and iyt@f$. marinusinfections (e.g., Villalbat al,
2004).

The annual temperature cycle determines a seagmtdrn of variation in prevalence and
intensity ofPerkinsusspp. infections in hosts. Prevalence and interdif. marinusinfections in
oysters begins in Chesapeake Bay in spring wheari@mperature increases abové & reach

a maximum in late summer. Mortality of oystersamcentrated in late summer and this is also the
time at which new infections are mainly acquiret.id important to note, however, that
transmission oP. marinuscan also occur when host mortality is low or abgBagone Calvet

al., 2003b). If water temperatures during spring antimn are unusually high, this provides an
extended period for parasite proliferation and Itesin greater mortality. Villalbaet al. (2004)
conclude that water temperature is probably thetrmoportant environmental factor affecting
large-scale geographic distribution. Co-incidenthvé pronounced warming of water temperature
in 1990-91, a 500 km extension of the rang® ofnarinus(to higher latitudes on the east coast of
the U.S.A.) occurred. Patterns of infection and taldy were similar to the more southern
locations where the parasite had been enzootiddéoades (Ford, 1996; Ford and Smolowitz,
2007). In vivo and in vitro laboratory studies diedd studies demonstrate the importance of both
temperature and salinity on the activity and viapibf P. marinustrophozoites, prezoosporangia
and zoospores. In vivo experiments have also detnated the influence of both temperature and
salinity on infectivity and disease progressionli@hba et al, 2004). In particular, experiments to
investigate the synergistic effects of temperatwalinity and infective cell concentration
concluded that temperature was the most importantof, followed by infective cell dose and then
by salinity in determining to susceptibility of dgss toP. marinus(Chu and Volety, 1997).
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Susceptibility to infection and resulting diseasdemnsity was positively related to water
temperature, within the 10 —2fange studied (Chu and La Peyre, 1993a, 1993b).

Epizootiological knowledge for other speciesRarkinsusis limited compared t®. marinusbut
available studies support the importance of watenperature in determining the dynamics of
Perkinsusinfections. A 5-year survey incorporating montempling ofP. olseni / P. atlanticus
infections in the clanil. decussatetn Spain showed seasonal fluctuations in prevalearud
intensity of infections whereby they peaked in sgisummer/autumn (maximal temperatures 19 —
21°) and regressed in late autumn/winter/early spfimigiimal temperatures 9 — 90The greatest
mortality of clams occurred in early autumn (Vibalet al, 2005). The importance of temperature
and salinity to cell activity and the viability abosporulation stages Bf olseni/ P. atlanticushas
been confirmed in vitro (Auzoux-Bordenaetal, 1995; Ahn and Kim, 2001; Casasal, 2002).

Less studied than temperature and salinity, ottnessors such as pollution (Chu and Hale, 1994),
hypoxia (Sobral and Widdows, 1997; Chegtcal, 2004) and decreased food availability (Powell
et al, 1996) may increase host susceptibility to infattiindeed, a recent review of stress and
immune responses in abalone (Hooperl, 2007) notes the link between increased stress and
decreased immune functional capacity.

Population density of hosts also affects diseamgsinission. Greater rates of transmission would
be expected in dense rather than sparse populakarther, as the distance between infected and
infection-free individuals increases, so does tHatidn of Perkinsuscells. The importance of
dosage of infective cells has been demonstrate® fanarinus(Chu and La Peyre, 1993b; Chu
and Volety, 1997).

Several studies have found greater prevalenc®eskinsusinfections in adult compared to
juvenile hosts (e.g., Burreson and Ragone Calv@61%oniat, 1996) and similarly, positive
correlation between infection intensity and ageho$t (Villalbaet al, 2005). Greater filtration
rates and longer exposure to infective cells maaém these observations (Villalled al., 2004).

6.1.2. Epizootiology of P. olseni and Perkinsisp. in mollusc hosts in Australia

Temperature-dependence

The importance of temperature as a factor affeghirmyalence oP. olseniinfections in abalone,
infection intensity and mortality of abalone is aldemonstrated by previous studies done in
Australia.

During the research from whidR. olseniwas originally described (Lester and Davis, 1980,
blacklip abalone, infected withR. olsenj collected from a site near Port Lincoln in SoAtistralia
were kept in recirculating sea-water in laborattagks, 5 at 15and 5 at 20 Smears of the
contents of lesions from the surface or within tinesculature of the foot revealed both live and
dead parasites. Live trophozoites and schizont® wemmonly encountered in the pustules and
haemolymph of abalone kept at°20 Dead trophozoites and schizonts were predomiimant
abalone kept at 26. Based on these observations, it was hypothesiwgdhe balance between
host and parasite was temperature dependent.

Two small-scale laboratory experiments concerngmgperature-dependent mortality in blacklip
abalone were described by Lester and Hayward (2@l&gklip abalone, sourced from a South
Australian hatchery, were exposedRoolsenizoospores and then maintained iff 48awater for
up to 5 months resulted in no mortality. In "d &periment, juvenile blacklip abalone, obtained
from the NSW Brackish water research Station (Boephens, NSW) were exposedRoolseni
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zoospores then maintained at’ ¥6r 6 months. There was no significant mortaligfative to
controls.

Temperature dependent mortality of greenlip abalwas examined in the laboratory by Goggin
and reported in Goggin and Lester (1995). Greeabiplone were infected witR. olseniand
maintained in seawater at’Coand 20C.High mortality, relative to uninfected controtsscurred

at both temperatures. There were greater numbensaEsites in abalone kept at the higher
temperature. Temperature-dependent mortality oedufor the cockleA. trapezig with no
difference in mortality between control cockles dhdse infected witt®. olseniin water of 26C

but significantly greater mortality of infected &bes maintained at 27 — 3D compared to
controls (Goggin and Lester, 1995).

In summary, hypotheses concerning the temperagperdience of mortalities due Ro olseniin
wild populations of blacklip and greenlip abalomeSouth Australia and the limited laboratory
experiments described for both abalone speciegtandockleA. trapeziasuggest a relationship
between water temperature and infection intensitysubsequent mortality.

Host-specificity

Perkinsusinfections have been found in many species atiphelltocations around Australia and,
in particular, 9 species including blacklip and egrigp abalone around the Yorke Peninsula in
South Australia (Goggin and Lester, 1995). MorepPerkinsusisolated from 8 mollusc species
were shown to have low host specificity in the labory (Gogginet al, 1989). Despite, the
apparent low host-specificity &ferkinsusn these instances, Lester and Hayward (2005)dfaoumn
infections in 36 mollusc taxa other than blacklipakbne and one other species of abalone
(Haliotis roel), at Taylor and Grindal islands, South Austratiihough density of other species
was sparse (B. Lester, pers. comm.).

In the only survey of alternative mollusc hosts Rarkinsussp.in NSW, Gill (2003) detected no
infections among the 190 specimens sampled at WaMdada Head near Port Stephens, 7
specimens sampled from “Drum and Drumsticks” atthlafervis Bay or the 152 specimens
sampled from St Georges Basin, Sussex Inlet andiBlake in 2003. Species sampled by Gill
(2003) at these locations includdRinna bicolour Scaeochlamysp.,A. trapezia Trichimyasp.,
Haliotis coccoradiataDonnax deltoidesTurbo torquatusandAustraliumspp.

6.1.3. Hypotheses regarding the epizootiology of perkiriso@and Perkinsus-related
mortality of blacklip abalone in NSW

Initially, it is important to distinguish betweehe epizootiology of perkinsosis (i.d2erkinsus
infections in abalone) and the epizootiology assed with the mass mortalities of abalone that
have been observed since the early 1990s in NSW.abthe important objectives of this chapter
is to assess the likelihood of the involvemenPefkinsussp.in these mass mortalities compared
to alternative hypotheses that do not invoRerkinsussp. If, for example, it is concluded that
some factor other thaPerkinsussp.was the cause of observed mortality events them theuld

be a need to understand both the epizootiologycagsd with the causative factor as well as the
epizootiology associated witPerkinsussp. (that clearly causes disease, see ChapteutSinbder
this scenario, not mortality. Alternatively, ifig concluded thaPerkinsussp. is the single factor
or one of multiple factors that together are resjiaa for the observed mortality events, then there
is only the need to consider the epizootiology eisted with the combination of factors that
together are causative.

Interpreting results from the NSW component of N®DA, Callinan and Landos (2006) noted
that the pattern of mortality among abalone in N&&5 not one that has been matched in other
abalone populations wheR olseniwas known to be present, either in the extenthef dtock
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decline or the nature of the lesions. They sugdettat either the NSW abalone were more
susceptible, perhaps a more stressed populatidhabthe pathogen was a more virulent strain, or
that other factors increased the natural suscéiptibf abalone to this disease in NSW. Callinan
and Landos (2006) speculated about alternative thgges regarding the epizootiology of
perkinsosis and the subsequent mortality of abalorSW. One such hypothesis was that the
pathogen had been present in abalone or other soghopulations for a long time, along the entire
NSW coast, and that since 1992, conditions hadui@gdisease outbreaks. However, they noted
that the prevalence éferkinsussp. infections was greatest at the margins oftfecied zone of
coast, that this observation was consistent withopagating epizootic entering a naive population
of abalone.

Adopting an epidemiological definition of the causk a disease a&n event, condition or
characteristic that plays an essential role in puothg an occurrence of the disease an
individual, we use the terminology of “componentida‘necessary” factors within a “sufficient
cause” complex (e.g., Thrushfield, 2007). A sufiticause (or more accurately, “sufficient cause
complex”) is a set of minimal conditions that inedly produces disease in an individual. A
sufficient cause comprises one to many compofaators. A_necessafactor is a component of
every sufficient cause. There may be a range ofiplessufficient causes (i.e., sufficient cause
complexes).

A range of hypotheses regarding alternative compbffi@ctors and sufficient causes for the
observed mass mortalities of abalone along the N8&¥t are considered here:

Epi-Hyp-1: A pathogen (other thd&erkinsussp.) is necessary and sufficient
Epi-Hyp-2: Water temperature (above some threshisldicessary and sufficient
Epi-Hyp-3: An environmental factor other than watemperature (above some

threshold) is hecessary and sufficient

Epi-Hyp-4: Perkinsussp.is a necessary factor
Epi-Hyp-4.1.: Perkinsussp.is sufficient
Epi-Hyp-4.2: A pathogen (other th&erkinsussp.) is a component factor
Epi-Hyp-4.3: An environmental factor other than eratemperature (above

some threshold) is a component factor
These component factors are sufficient

Epi-Hyp-4.4: Water temperature (above some threhsla component factor
Epi-Hyp-4.4.1:  Perkinsussp. and water temperature are sufficient
Epi-Hyp-4.4.2: Other factor(s) present in suffidieause complex
Associated with the hypotheses that involRerkinsus sp. asa necessary factor and an
environmental factor as an additional componenbfa@Epi-Hyps: 4.3, 4.4, 4.4.1, 4.4.2), there are

2 additional hypotheses to be considered regarthieg historical distribution and spread of
Perkinsussp. on the NSW coast:
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Hist-Distribn-Hyp-1  Perkinsussp. has been endemic along the coast of NSW since
many years prior to the documented mass mortaliied
identification ofPerkinsussp. in abalone;

(and that spatial and temporal variations in anirenmental
factor determines the spatial and temporal distidiou of
detectable Perkinsus sp, pathogenicity and subsequent
mortalities).

Hist-Distribn-Hyp-2  Perkinsussp. was not endemic to the entire coast of NSW for
many years prior to the documented mass mortaliied
identification ofPerkinsussp. in abalone;

(and that the presence BErkinsussp. infections in abalone at a
location at a point in time is closely associataéthuhe arrival of
Perkinsussp. at that locatign

The implication of “Hist-Distribn-Hyp-1" is that ghenvironmental factor (water temperature or
other) must be identified for which spatial and pemal variations in that variable are closely
related to the spatial and temporal patterns oéalablePerkinsussp. and mortalities. Under
“Hist-Distribn-Hyp-2”, it is the combination of thepread (or introduction) d®erkinsussp. to a
location, combined with the level of the environnanvariable (e.g., water temperature above
some threshold level) that determines whetherkinsussp.is: detectable but infections are sub-
lethal; or detectable and infections develop ternistties that cause mortality.

Due to retrospective nature of this study and atesesf base-line data about the presence of
Perkinsussp. prior to observed mortality events, none ofghbssible causes for mass mortalities
of abalone can be ruled out. In considering theothgses of cause it is, however, useful to assign
to each one a categorical likelihood (“low”, “meritior “high”) of being correct, to reflect the
consistency of available data with the hypothe&&sviously, future research outcomes may
inform a revision of the likelihood assigned togbdnypotheses.

To evaluate the relative likelihood of these al&ive hypotheses, information presented in
previous chapters is supplemented in this chapidr data and analyses that further inform
evaluation of the epizootiolgy of perkinsosis and dbserved mortality events. In addition, several
other aspects of epizootiology are considered. Weguto identify alternative mollusc hosts for
Perkinsussp. informs understanding of the role of reserymsts in the spatial and temporal
dynamics of perkinsosis. Analyses to identify diffieces in the prevalence and intensity of
Perkinsussp. infections between genders and among sizes of mbatdorm an understanding of
impacts of perkinsosis within the abalone popufati&’ectors and mechanisms by which
Perkinsussp. could be translocated between locations inatudiovements related to commercial
and recreational fishing are considered. The piigibf translocatingPerkinsussp. by reseeding
reefs with hatchery-bred juveniles, derived froradat-stock collected from locations on the NSW
coast at whiclPerkinsussp.was known to be present is also evaluated.

Thus, the principal objectives of this componenthef project, presented in this chapter, were to:
® Examine the effect of abalone gender on the pracaland intensity dPerkinsus
sp.infections;

(i) Examine the effect of abalone size on the prevalemal intensity oPerkinsussp.
infections;

(i) Implement a survey to monitor abalone abundancenamdality adjacent to the
southern “front” of infection at South Jervis Bay;
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(iv) Test for the presence Blerkinsussp.in other potential mollusc hosts at locations
where the parasite was present in abalone.

(V) Examine the potential for translocationRérkinsussp. during fishing and related
activities;

(vi) Examine the potential for translocation Berkinsussp. during reseeding and
enhancement experiments;

(vii)  Identify environmental factors that were noted hiyets to be associated with
mortality events and changes in abundance of abalon

(viii)  Identify associations between water temperatursgieied mortality events and
infection intensity;

(ix) Investigate the availability of data about watealiy and therefore, the potential
to examine associations between water quality &sérved mortality events.

) Consider the relative likelihood of alternative byipeses about the epizootiology
of perkinsosis an@erkinsusrelated mortalities of blacklip abalone in NSW.

6.2. Methods

6.2.1. Effect of abalone gender on prevalence and intepsif Perkinsus sp. infections

The gender of each abalone sampled during the tswed survey was recorded as male, female
or indeterminate. Chi-squared and Fisher's Exatsteere used to identify significant differences
in the prevalence dPerkinsussp. infections in male and female abalone in tralqabdata-set and
the samples from each survey location. Fisher'scExests were used to test for significant
differences in the intensity #erkinsussp. infections (grades of infection from Ray’s testgill
tissue) in male and female abalone.

6.2.2. Effect of abalone size on prevalence and intengifyPerkinsus sp. infections

All abalone sampled during the 2005 broad-scalgeguwere measured and assigned to one of 4
length-classes (80 mm, 81 — 100 mm, 101 — 120 mm, and > 120 minijsQuared and Fisher’s
Exact tests were used to identify significant ddéfeces in the prevalence ®ferkinsussp.
infections in abalone among the 4 size-classes.sHnee tests were used to identify significant
differences in the intensity &ferkinsussp. infections among size-classes. For both prevaland
intensity, data was analysed for all locations pdand at the level of individual locations.

6.2.3. Survey to monitor abalone abundance and mortalitgjacent to the southern
“front” of Perkinsus sp. infections at South JerviBay

The site “St George’s Head South” was the mostreoutsite within location “South Jervis Bay”

at whichPerkinsussp. was detected during the 2005 broad-scale suAmyroximately 0.5 km to

the west of this site at “St. George’s Head We8tfixed sites were identified at which abalone
were abundant (i.e., greater abundance than oilesrat South Jervis Bay). These fixed sites (or
crevices) were mapped and abalone within each fetedwere counted (using the same methods
as described for the fishery-independent survegbalone abundance, see Section 3.2.3). At each
fixed site, two replicate counts, by different disewere made of all abalone in three length
classes, small (< 60 mm), medium &8 mm and < 115 mm) and large 125 mm). The initial
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survey of these fixed sites occurred in April 200Bese sites were subsequently surveyed again in
March 2006 and October 2006.

Ongoing monitoring of the abundance of abalonéhasé fixed sites is essentially a surveillance
program for any extension of the rangeRarkinsusrelated mortality within this section of the
NSW coast. The objectives of repeat surveys ofetlsites were: (i) to detect any sudden decreases
in abundance of abalone; (ii) note the presencangfmoribund or dead abalone and potentially
(iii) sample moribund and dead abalone for posttemrexamination (macroscopic and histology).

6.2.4. Survey to identify alternative mollusc hosts for iRasus sp.

To identify alternative mollusc hosts f&erkinsussp, other molluscs that were found close to
abalone were collected from 2 sites within locatiorth Jervis Bay (Beecroft Head and Targets)
and the site St Georges Head within location Sdetliis Bay. These sites were selected because
Perkinsussp.infections were prevalent at these sites when sadmhliring the broad-scale survey.
The logic being that we would be most likely toatdPerkinsussp. infections in other species at
sites wherdPerkinsussp. infections were relatively prevalent in abaloneufFspecies of mollusc
were collected from the three sit€3abestana spengle(ih = 42); Thais orbita(n = 79); Granata
imbricata (n = 25); andTrichomya hirsuta(n = 30). For any given species found at a site, a
minimum of 20 individuals were collected from thiees All samples were kept alive and stored
within eskies.

Processing of these samples occurred within 24f lnotbection. For Ray’s test only, a partial
cross-section of tissue (~ 2 cm) including gill,ntle, gut, gonad (occasionally) and muscle Gor
imbricatad) was excised from each individual (using steriistiuments) and placed into sterile
tubes containing 20 ml of RFTM fortified with antitics. The diagnostic method for Ray’s test
was as previously described for abalone (Secti2ri B).

6.2.5. Potential for transmission of Perkinsus sp. by trelocation of abalone during
fishing and related activities

To identify fishing practices that may have conitéd to the transmission Blerkinsussp. within

and between sub-zones of the fishery, commercilbak divers were asked a series of questions
relating to their movements, practices and the mmare of abalone within and between areas
(Appendix 3 in Section 12.3). The specific quediarere:

(Question 7)
What was the typical distance you would cover dag's fishing? What was the minimum
and maximum distance you would travel in one fighiay?

(Question 15a)

What fishing methods did you use (include how ataleere transported on the boat) and
did you employ a deckhand? If there was a chandesliing methods please specify the
year(s) of change and provide details.

(Question 15b)

What method did you use to measure legal size abglio water or on the boat)? Also
what did you do with the under-size abalone?
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(Question 15c)

Did you hang your abalone? If so please provideaifet(when and where; weight of
abalone hung).

We also considered changes in regulations govenfiedishery that may have affected fishing
practices and the possibility of transmission & frarasite among areas (e.g., shucking at sea,
closures).

6.2.6. Potential for transmission of Perkinsus sp. throudranslocation of abalone during
reseeding and enhancement experiments

Between 1999 and 2001, experiments concerning ¢benpal for enhancement of wild abalone
populations using hatchery produced seed were Hesmdthe NSW Fisheries (and subsequently,
NSW DPI) aquaculture/hatchery facility located andaree, Port Stephens (Heasraaal, 2004).
Experiments involved the collection of brood-stdiokm wild populations of blacklip abalone at
various sites along the coast of NSW and the sulesdggelease of hatchery-reared larvae and
juveniles at various sites along the coast of NSW.

We examined the spatial and temporal pattern ofh@) collection of brood-stock and (ii) the
subsequent release of larvae and juveniles, tesigbe possibility that theerkinsussp. parasite
may also have been translocated among locatiotiseoNSW coast during these experiments.

6.2.7. Environmental factors identified by divers that werassociated with mortality
events and changes in abundance of abalone

During structured interviews of commercial and eational divers, several questions related to
changes in environmental variables that divers haaxe observed, specifically:

Commercial divers (Questions 12b and 12c):

12 (b). For each of years fished did you noticegéarchanges in habitat, ocean
temperature, water quality or other environmengadtbrs?

12 (c). Can you recall exceptional environmentakrdg (floods, storms, sand
inundation) that lead to either an increase or d=ase in abundance of abalone in an
area? Describe your observations [This question wagyet at cause of sudden
decline, within year]

Recreational divers

7. Specific years when relative abundance of atmtwad either noticeably increased
or decreased. Prior to this change did you noticgianchanges in habitat, ocean
temperature, water quality or other environmengadtbrs?

Perkinsus-related mortality of blacklip abaloneggins G.W. & Upston J. Project No. 2004/084



100 Industry & Investment NSW

6.2.8. Associations between water temperature, observedtatity events and infection
intensity

Sea surface temperature (SST) data was obtainedZreeparate sources, satellite SST obtained
from NASA and SST recorded by Waverider buoys ledaiffshore from Sydney and Bateman’s
Bay (owned by NSW Department of Natural Resourdesa collected and provided by Manly
Hydraulics Laboratory, NSW Department of Commerce).

Average monthly SST data for selected areas alo8§vVNoast for years 1985 to 2006 were
downloaded from NASA satellite information via tR®.DAAC Ocean ESIP Tool (POET). The
NSW coast between Diamond Head in the north andbBaymin the far south was divided into
eight geographic areas (locations), each between 20 nautical miles latitude (Table 6.1). For
each area, the eastern longitude was defined asdtie of the Continental Shelf (~200 m depth)
and the western longitude as the shoreline. Thessdace temperature data were downloaded
from two satellites — for the period 1985 to 2004 2006 AVHRR Pathfinder V5, and for 2005
MODIS/ Aqua. For each year, SST data was extragitddthe following specifications: daytime
readings; spatial resolution of 4 km; and “high lgyareadings (i.e., minimum quality = 4, the
default for AVHRR Pathfinder or “best” for MODIS/qua). The algorithm specified for MODIS/
Aqua was Far-IR.

Table 6.1. Geographic areas for SST data.

Location Geographic range Range of latitude Latitude Longitude
(nm) N S W E

North Coast Diamond Hd to Forster 30 -31°40'  -32°10¢ 152°40°  153°05'
Port Stephens North of Broughton Is to Stockton 20 -32°30'  -32°50 152°10° 152°42'
Central Coast Red Head to Cape Three Points 30 -33°00'  -33°30 151°34'°  152°10°
Sydney Pittwater to Port Hacking 30 -33°35'  -34°05' 151°15' 151°45'
Kiama Bulli to Black Head 27 -34°20'  -34%47 150°52' 151°10'
Jervis Bay Crookhaven to Bendalong 20 -34°55'  -35°15' 150°47' 151°00'
South Coast Batemans Bay to Narooma 30 -35°43'  -36°13' 150°10' 150°30'
Far South Coast  Tathra to Wonboyn 30 -36°45'  -37°15' 149°57' 150°18'

Satellite SST data were based on averages from dgkrare grids and spanned the area between
the coast and edge of the continental shelf. It imgsortant to determine whether these data
(available for all locations off the NSW coast) yided indices of water temperature that were
consistent with indices from the Waverider buoyat tivere located at only 2 locations: 12 km
offshore of Sydney and 8 km offshore of Batemaray BSouth Coast). Monthly SSTs from each
source were plotted against one another for eachh®f2 common locations, Sydney and
Bateman’s Bay (South Coast) and correlations waleutated.

For each location, using satellite SST data, tHviing indices were calculated and plotted:
mean SST for the period 1985 — 2006 (i.e., thedyraran); mean quarterly (January — March,
April — June, July — August, October — December] SB8e one-year moving average of SST (i.e.,
previous 4 quarters); mean October — June SST d€keluding July — September, the quarter when
water temperature was coldest). Associations betweese indices of water temperature and (i)
timings of observed mass mortality events; andifignsities ofPerkinsussp. infections in 2002
and 2005 were then examined. The consistency d¢f agsociations with alternative hypotheses
concerning the epizootiology of perkinsosis &w®tkinsusrelated mortalities (Section 6.1.3) could
then be evaluated. The rationale for consideriegr#imge of indices of water temperature was that
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other studies have demonstrated that infectionngity, transmission and host-mortality for
Perkinsusspp. in other mollusc hosts are a function of watenperature and the duration of
elevated water temperature (Section 6.1.1). Meamntely SST provides an index of absolute STT
at the quarterly scale. One-year moving average (88I€ulated quarterly) provides an index that,
for any given quarter, represents the mean temyerduring the previous 12 months (which may
affect the opportunity foPerkinsussp. infections to increase in prevalence and iityedsvelop).
Mean October — June SST provides an index of wataperature corresponding to the 3 quarters
(Autumn, Summer and Spring) within which rates @nsmission, prevalence and intensity of
Perkinsus spp. in other hosts are maximised.

6.2.9. Availability of data about water quality and the fntial to examine associations
between water quality and observed mortality events

The availability of data concerning water qualitye spatial and temporal scale of monitoring and
the parameters of water-quality measured were sesgdahtrough internet searches and enquiries
with relevant NSW Government departments and osgdioins.

Comparison of (i) the spatial and temporal scaleavailable time-series of water-quality data
with (ii) the spatial and temporal scale of obsdryeass mortalities of abalone and detection of
Perkinsussp. infections in abalone, was made to assessdtemtfal for examining associations

between water quality and observed mortality events
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6.3. Results

6.3.1. Effect of abalone gender on prevalence and integpsif Perkinsus sp. infections

Perkinsussp. infections were more prevalent in female thaterabalone sampled during the 2005
broad-scale survey (Chi-squared = 9.1#0s 1, P = 0.003). Within locations at whidRerkinsus
sp. infections in abalone were detectdekrkinsussp. was detected in 18 / 363 (5.0%) male
abalone, 45 / 413 (10.9%) female abalone and 2 (35%%) abalone in which gender was
indeterminate. Within individual locations, the pootion of abalone infected witRerkinsussp.
wasgenerally greater for females than males (Fig. But)these differences were not statistically
significant (Fisher's Exad® > 0.05 in all cases).

There was no significant difference in the intensit Perkinsussp. infections in male and female
abalone for the pooled set of dafd £ 0.279, Fisher's Exact test) or for individuac#dions
(Fisher's Exact test® > 0.05 in all instances).

The significantly greater prevalence Berkinsussp. infections in female, compared to male,
abalone contrasts with the equivalent data fronsthigey done in 2002. Within locations at which
Perkinsussp. infections were detected in abalone in 2@@kinsussp. was detected in 20 / 240
(8.3%) male and 24 / 239 (10.0%) female abaloreretheing no significant difference between
these frequencies (Chi-squared = 0.41f%; 1,P = 0.517).
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Figure 6.1.  Prevalence dPerkinsussp. infections in male and female abalone, by lopat
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6.3.2. Effect of abalone size on prevalence and intengifyPerkinsus sp. infections

There was no significant difference in the prevateofPerkinsussp. infections among the 4 size-
classes of abalone sampled during 2005 (Fig. eéh&sQuared = 0.31df = 3, P = 0.957). Note
that the pooled data-set excluded the locationsrttiNG@oast” and “Tathra — Eden” because no
abalone < 80 mm were sampled from these locatibtsvever, there were no significant
differences identified among the 3 size-classeabaflone sampled from either of these locations
(Fisher's Exact test®? = 0.764 for “North Coast”P = 1 for “Tathra-Eden”). Nor were there any
significant differences identified among all 4 sctasses for the other individual locations
(Fisher's Exact test® > 0.05 in all instances).

Intensity of infection did not differ significantigmong the 4 size-classes of abalone, for eitleer th
pooled data-setP( = 0.517, Fisher's Exact test) or for individuakcétions P > 0.05 in all
instances, Fisher’'s Exact tests).

Results based on the 2005 broad-scale survey weasistent with those from 2002. Prevalence of
Perkinsussp. infections did not differ among 3 size-clagse$00 mm, 101 — 120 mm, > 120 mm)
of samples from the 2002 survey (Chi-squared =6B0df = 2, P = 0.997).
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Figure 6.2.  Prevalence oPerkinsussp. infections in 4 size-classes of abalone. Nidéa from
locations “North coast” and “Tathra — Eden” exclddeecause no abalone < 80
mm sampled from these locations.
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6.3.3. Survey to monitor abalone abundance and mortalitgjacent to the southern
“front” of Perkinsus sp. infections at South JerviBay

There was no significant decrease in abundancebalone at 8 fixed sites to the west of St
George’'s Head (Fig. 6.3). Consequently, there isemidlence of any significant mortality of
abalone due t®erkinsussp. or any factor, other than natural mortalityriiy the period April
2005 to October 2006. There were no observationsia@ibund or dead abalone at these fixed
sites during March or October 2006.
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Figure 6.3.  Mean abundance of abalone (small, medium and kirgeclasses; and total +/- 1
SE) at 8 reference crevices at “St. Georges Headt'Wassessed during April
2005, March 2006 and October 2006.

6.3.4. Identification of alternative mollusc hosts for Pkinsus sp.

No Perkinsussp. infections were detected (using Ray’s tesgnin of the four species of mollusc
(total n = 176) sampled from 2 sites at North Jervis BayefBeft Head and Targets) and the site
at South Jervis Bay (St. Georges Head).

6.3.5. Potential for transmission of Perkinsus sp. throudranslocation of abalone during
fishing operations

The closures to fishing for abalone (due to coreaftout depletions of stock, see Section 3.1) in
Zones F — L of Region 1 occurred between 1 and atsyafter observed mass mortalities of
abalone and the detection Bérkinsussp. within these zones. As effort by commercial abalone
divers progressively transferred from zones G, H ar(Central Coast, Sydney, Wollongong) to
zones F and K (Port Stephens and Kiama) duringnide1990’s and then to zone L (Jervis Bay)
during 1999 — 2000 (Section 3.3.2), divers or ditis related to harvesting and distribution of
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product may have been acting as vectorsPferkinsussp. through the translocation of diseased
abalone or contaminated equipment. Activities thay result in translocation &ferkinsussp. and
operate at spatial scales between 10's of m and’4d08f km have been identified and are
described here.

Harvesting at individual drops

When diving for abalone at individual drops (spiecifive locations), divers accumulate their
catch of abalone in mesh bags before returning ttedich to their boat. At the completion of
harvesting at a given drop, the fisher moves tott@rodrop. Thus, during commercial or
recreational diving at a specific drop, abalone rmamved over distances of the order of 10’'s or
100’s of metres from where they were collected.

Travelling between drops during a day’s fishing

The mean “typical distance covered in a day’s fighireported by divers during interviews was

22 km. The mean “maximum distance travelled in fistdng day” reported was 36 km. Distances

reported for fishing in the vicinity of Jervis Bawere greater than for other areas, typically 40 km
and a maximum of 60km. Thus, abalone harvestedgluhie day’s fishing were carried onboard

vessels within and between sub-zones over distarides order of 10's of km.

Following regulation preventing shucking of abal@esea (in 1980), divers have used 2 methods
to keep their catches of abalone alive during lairits trip. The first method involves hanging of
abalone over the side of the boat (especially mrsar), the result being that abalone harvested
from one area may be suspended in the water atemnatea or areas. The second method involves
pumping sea-water over the catch in boxes on tl& dé the boat with this water then being
pumped or drained back into the ocean. With thithow water pumped over abalone caught from
one area may be returned to the ocean in anotbaroarareas.

Hanging of catch on multi-day trips

Hanging of catch was not restricted to maintainthigycatch during single fishing days. On fishing
trips up to several days duration, the catch frodividual days of fishing was often “hung” at a
holding location until the multi-day trip was corepgdd and the accumulated catch transported to
the processor. Weights of abalone that were hungeichfrom 100’s of kg up to 2 tonnes and for
periods up to several days. Although interviewegedi reported that the frequency of “hanging”
decreased through the 1990s, hanging of catch tdasanmonly used in the component of the
fishery to the north of Port Stephens when fistiage E. Thus, the spatial scale at which abalone,
potentially infected withPerkinsussp, were moved from where they were collected to whieey
were hung was/is of the order of 10’s of km (umgroximately 100 km).

Movement of sub-legal abalone among reefs

Divers also reported during interviews that sulalegbalone were often moved between reefs.
This occurred when abalone harvested from oneweed subsequently measured on the boat and
sub-legal abalone were subsequently returned tavétber at a location other than that from which
they were originally taken. Practices differed amdivers and among years but this practice also
resulted in the translocation of abalone, potdntiafected withPerkinsussp. The spatial scale at
which this type of translocation occurred is aléthe order of 10’s of km.

Shucking of abalone and discard of viscera

Shucking of abalone at sea was banned in 1978. dMergwith the majority of the commercial
catch of abalone in NSW being live, the return @fcgra to the water following shucking of
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abalone is more associated with recreational fsslhed illegal fishers. It is likely that shucking
occurs relatively close to the locations at whiblalane were harvested and thus, up to a scale of
the order of 10’s of km.

Movement of divers, boats, equipment between lwtaton the NSW coast

When commercial or recreational divers have movecthfone location on the coast to another,
across sub-zones, zones or regions, this has edahovement of boats and associated equipment
and dive-gear across distances of the order of #0'400’s of km. If this equipment was
contaminated with viable cells 8ferkinsussp., then this would also represent a mechanisrmnéor
translocation of disease at the scale of 10’s 0fs1Of km.

Movement of catches to processors and distributors

Similarly, movement of catches of abalone from lkbeations at which they were harvested to
processors or distributors on the south coast &/NBlladulla or Eden; Kiama during the 1990’s)
or Sydney represents another possibility for tlemdlocation of disease to processors. Further
translocation to ocean waters could then occuratgssors discharged contaminated water from
their holding tanks or disposed of abalone viséei@the ocean. This mechanism of translocation
is at the scale of 100’s of km or eventually 1008fkm when abalone are distributed to other
states of Australia or internationally.

Distribution of abalone viscera as bait

Translocation ofPerkinsussp. via the distribution and sale of viscera to redoewtl anglers is
another potential mechanism by whiéerkinsussp. may have been moved between areas.
Abalone gut is a bait used by recreational angidrsn rock fishing for several commonly targeted
species, especially black drummesirglla elevatd. Whilst some anglers may have harvested
abalone themselves and subsequently used the almlbrs bait, the majority of anglers probably
obtained the abalone gut from a retail outlet. Enoabalone gut was widely sold at fishing shops
and service stations along the coast of NSW ufti7Z2vhen a ban was implemented. Researching
the detailed history of the locations from whichalmime gut has been sourced and subsequently
distributed was beyond the scope of this projeciveler, there were 3 companies known to have
distributed abalone viscera into the NSW bait markevofold Bay Bait (based at Eden); Tweed
Bait (based at Tweed Heads) and Bremer Bait (bas&lontarf, Queensland). They collectively
sold about 7 t of viscera per annum into the NSWkatawith an estimated 1 t sourced from NSW
processors and 6 t coming from Mallacoota in Vietqd. Frances, 1& NSW, pers. comm.). The
gquantities and origins of abalone viscera supplethe bait market historically are unknown. The
distribution of abalone viscera does, however, gspnt another potential mechanism by which
Perkinsussp. may have been moved both locally and acrogs ldistances, at a scale of the order
of 100’s or 1000’s of km.

6.3.6. Potential for transmission of Perkinsus sp. duringeseeding and enhancement
experiments

Blacklip abalone were collected from wild populatcalong the NSW coast and transported to the
hatchery at Tomaree (Port Stephens) between 19€92801. For experiments concerning
spawning induction, abalone were collected frondveibalone populations at the following sites
on the south coast of NSW:

- Eden in August and September 1999;
- Sydney in October 1999.
(Source: Table 2 in Chapter 4 in Heasraaal, 2004).

Project No. 2004/084 Perkinsus-related mortalityptzfcklip abalone, Liggins G.W. & Upston J.



Industry & Investment NSW 107

Abalone were collected from the wild to provide duestock at the Tomaree facility between
April 1999 and November 2000. These abalone welteated from sites at:

- Port Stephens and Broughton Island between Ap&iBl#hd September 2000;
- Eden in August 1999 and November 2000;
- Sydney in April 2000;
- Ulladulla in July 2000;
- Kiama in September 2000;
(Source: Table 3 in Chapter 4 in Heasreaal, 2004).

There is no evidence thBerkinsussp. was present in populations of abalone at Ulladu Eden
when brood-stock were collected from these location1999 or indeed, since that time (Chapter
4). However, mortalities of abalone had been regbendPerkinsussp. had been identified in
abalone at locations between the Central CoasKérda prior to the collections of abalone from
Sydney in 1999 and 2000 and from Kiama in 2000h@ughPerkinsussp. was not identified in
the abalone population at Port Stephens until tteadscale survey in 2002, the documented
“2000 mortality event” at Port Stephens based aseplations of morbidity and mortalities during
1999 — 2001 (Chapter 3) suggests the preseneertifnsussp. at this time. It is therefore possible
thatPerkinsussp. was transported into the hatchery at Tomawae: fr

- Sydney in October 1999 or April 2000;
- Kiama in September 2000;
- Port Stephens during April 1999 — September 2000.

There is no definitive evidence regarding whethemot abalone introduced to the Tomaree
hatchery collected from Port Stephens, Kiama orn8ydoetween October 1999 and November
2000 were infected witPerkinsussp. No tests for the presenceRdrkinsussp. were done on
abalone from the hatchery prior to 2002 (M. Heasnmars. comm.). Two batches of juvenile
abalone were tested féterkinsussp. in 2002-03 (M. Heasman, pers. comm.). A saropl89
juveniles were tested using both Ray’s test antbloigy as part of the NSW component of the
NSDA and all tested negative féerkinsussp. (Callinan and Landos, 2006). Ray's test was
performed on another sample of 150 juveniles sedplio Craig Hayward (University of
Queensland) in July 2002. Of this sample of 15&ui samples from 126 were placed in RFTM
on the day they were received and subsequentigsibtd negative fdPerkinsussp. The remaining
24 abalone were held live in tanks for 27 days teetissue samples were removed, placed in
RFTM and subsequently examined. Although 2 of ti&bssamples tested positive for low-grade
infection (Ray’s grade 0.5), these results are momded by the facts that: (i) recirculating
seawater in the tanks in which these abalone wept for 26 days was obtained from Moreton
Bay (wherePerkinsussp. was present) and (ii) other molluscs which ipiddly hadPerkinsussp.
infections were being maintained within the fagilat the time (C. Hayward, pers. comm.).
Following these equivocal results, no additionahsilocations were made of hatchery reared stock
to other locations (M. Heasman, pers. comm.).

Because hatchery brood-stock was obtained fromtitotaat whichPerkinsussp. infections in
abalone were known to occur and there was no tgstirsamples of brood-stock or hatchery-
reared juveniles prior to 2002, the possibilitytthatchery-reared juveniles and larvae released at
sites along the NSW coast cannot be excluded.

Juvenile abalone that had been spawned and reftied lhatchery and subsequently released into
the wild comprised the release of:

- 446,000 juveniles at sites adjacent to Port Stepbetween October 1998 and Feb.
2001
- 32,000 juveniles at 4 sites at Sydney in June 20@ilMarch 2002
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- 36,000 juveniles at 4 sites at Kiama in Decembé120
- 800 juveniles at Tura Pt., Merimbula in October 200
- 344,000 juveniles at sites near Eden between Noged#99 and September 2001

(Source: Table 2 in Chapter 8, Heasragaal, 2004).

The range of sizes of juvenile abalone releasedlvgas-18 mm (shell length), but larger juveniles
were released at 3 sites at Port Stephens in Naxe&d9D0 (43 cm juveniles) and at Tura Pt. at
Merimbula in October 2001 (40 cm juveniles).

Larval hatchery-reared abalone were also releagedhe wild at sites in Port Stephens, Sydney,
south of Ulladulla (Brush Is.) and Eden, betweenudgy 1999 and February 2002 (Table 1 in
Chapter 8, Heasmaet al, 2004).

If Perkinsussp. infections were present in juveniles or lartlzat were released into the wild,
releases at Sydney and Kiama in 2001 and 2002 wighén the area, Central Coast to Kiama,
wherePerkinsussp. in wild abalone was already known to occur atumber of sites. However,
releases at Tura Pt. (Merimbula) in October 2004 armmultiple sites in the vicinity of Eden and
Disaster Bay, on the far south coast of NSW, betmievember 1999 and September 2001 were
at locations at whichPerkinsussp. had not been detected at that tilerkinsussp. was first
detected at Port Stephens in 2002 and may or magawe been present in wild abalone at Port
Stephens prior to releases of larvae and juvefiitea the hatchery between January 1999 and
February 2002.

It is important to note here that there have beemeports of mass mortalities in the vicinity of
Eden since the reseeding of abalone during 199004 ?r at Merimbula since the reseeding in
2001. There is no evidence from the fishery-indeah survey of abalone abundance that there
have been significant declines in abundance ofosgatonsistent with such mortality events at
these locations (Fig. 6.4). There is, however,dbeumented presence Bérkinsussp. in abalone

in 2005 at the Merimbula site, approximately 5 kouth of Tura Pt, the site at which hatchery-
reared juvenile abalone were released in Octob@t.20

6.3.7. Environmental factors identified by divers that werassociated with mortality
events and changes in abundance of abalone

During interviews, divers suggested several factmmduding environmental factors, which may
have contributed to declines in abalone abundawees the longer-term (illegal harvesting,
habitat changes involving the invasion @Gaulerpa filiformig. Divers also associated several
factors with declines in abundance of abalone aharter times scales (within a year), namely
severe storms (encompassing floods, large sead;ugamvents), water quality (associated with
sewage treatment plants); elevated water temperaaumd intensive harvesting (see comments in
Table 3.1; Section 3.4.1). Such observations sugbesimportance of weather-driven mortality
events and other factors (e.g., poor water qualitg} may impact abalone stocks from time to
time.

Notably, there were no environmental factors thaternassociated, by divers, with mortality events
that were consistent across the mortality everdstified in Section 3.3.1: the “2000 mortality

event” at Port Stephens; the “1992 mortality evemt”’the Central Coast; the “1993 mortality
event” at Sydney-Wollongong; the “1996 mortalityeat’ at Kiama; and the 2000 — 2002 sudden
decline in abundance at Jervis Bay.
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Figure 6.4. Estimated abundance of abalone from fishery-indépensurveys of 2 sites at
Tura Head and 6 sites at Merimbula Pt (1994 — 2006)
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6.3.8. Associations between water temperature, observedtatity events and infection
intensity

6.3.8.1. Correspondence between satellite and buoy SST

Monthly satellite SST and buoy SST were positivedyrelated R = 0.98,R = 0.96,P < 0.01) at
Sydney and at Bateman’s Bay € 0.93,R* = 0.86,P < 0.01) (Fig. 6.5). Satellite SST was greater
than buoy SST by a mean 0°64at Sydney and 0.98 at Bateman’s Bay.

Based on the significant positive correlations lestw satellite and buoy SST, it was concluded
that satellite SST provides an index of fluctuasiamwater temperature that occurs in water closer
to the coast. Although satellite SST does not nreaghe absolute temperature of water
immediately adjacent to the coast, where abalorarpd is reasonable to assume that changes in
water temperature in this zone will be indicated dhanges in satellite SST. Satellite SST,
available for all locations along the coast of NSNdt were of interest in this project, could
therefore be used as an index of quarterly andartanges in inshore water temperature.

6.3.8.2. Differences in water temperature among locatioesssns and years

Patterns of mean seasonal (quarterly) water teraperaere similar among locations with a mean
intra-annual fluctuation in quarterly water temgera of 5.3C (Fig. 6.6). Mean water temperature
was lowest during the®quarter of the year (July — September). Water &atpre increased by a
mean 2.8C during the % quarter (October — December), then by a furthd8tC3during the T
quarter (January — March) of the following year.a@Qarly mean temperature then decreased from
its maximum in the % quarter by a mean 2® during the ¥ quarter (April — June) before
decreasing by a mean X8during the 3 quarter.

Mean annual water temperature decreased with isioigdatitude (Figs. 6.6 and 6.7). Water
temperature at the most southern location congideeee, “Tathra — Eden” (18G), was a mean
3.5°C lower than the most northern location, “NorthstdaCrowdy Head / Forster” (22(@).

There was, however, considerable variation in wéenperature from year to year (Fig. 6.7).
Generally, the pattern of annual water temperabatsveen 1986 and 2006 was similar among
locations. The magnitude of differences among ye&as, however, greater for the 4 southern
locations than the 4 northern locations. The diffiee between the minimum and maximum mean
annual temperature for the southern locations was-22.4C compared to 1.3 — PG for the
northern locations.
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Figure 6.5.  Association and difference between 2 sources afsseface temperature, satellite
SST (bold line) and buoy SST (fine line) at 2 lomas, Sydney and Bateman'’s
Bay. Horizontal dashed lines on graphs of diffeesnidicate mean difference.
SST data from both sources are monthly means.
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Figure 6.6. Mean seasonal (quarterly) satellite-SST at 8 lonat along the NSW coast,
between 1985 and 2006.
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Figure 6.7.  Mean annual satellite-SST at 8 locations along\NB&V coast, between 1986 and

2006. Annual mean in each year calculated as thenmé temperatures during
July — Dec of the previous year and January — dbitiee given year.
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6.3.8.3. Associations between indices of water temperaturd abserved mass mortality
events

The documented mortality events at specific locetiin specific years (+/- 1 year) were not
consistently associated with increases or decreiasesy of the indices of water temperature
examined (Fig. 6.8).

One-year moving average SST associated with miyrialients: fluctuated within the range 21 —
22°C at Port Stephens, was relatively stable at apmately 2PC on the Central Coast, fluctuated
within the range 20 — 2C at Sydney, 19 — 2Q at Kiama and 20 — Z2Z at Jervis Bay. Compared
to years prior to and since the mortality eventstéiations in this index were not exceptional. It
can, however, be stated that one-year moving ageB&8J exceeded approximately’@Qduring
some part of the period associated with each nityr@lent at each location.

Fluctuations in mean October — June SST followsihdlar pattern to one-year moving average
SST, but at a greater temperature (because ofxitlaston of July — September SST from this
index) (Fig. 6.8). Mean October — June SST exceagedoximately 23C during some part of the
period associated with each mortality event at éacdtion.

Similarly, there were no patterns in mean quart&§T that were consistently associated with
mortality events at each location. There was nesisbent evidence across the mortality events of
an association with exceptionally warm or cold wate any of the quarters. Maximum SST
occurred in the first quarter (January — Marchgath location and was 22 or greater during the
years associated with mortality events.

In preparation for evaluation of the likelihood alternative hypotheses regarding the cause of
mortality events (in Section 6.4.1), it is importan note that indices of water temperature were
greater than ZZ at “North Coast / Crowdy Head / Forster” in 20@6en low-intensity infections

of Perkinsussp. were found to be prevalent in abalone. In 2008;year moving average SST at
“Tathra-Eden” was approximately 18%and mean October — June SST was beld@.20
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Figure 6.8.  Relationship between observed mortality events d&ndtuations in water

temperature between 1985 and 2006 at 8 locatiamg dahe NSW coast.

Grey bars indicate quarterly mean satellite-SSTiizéatal dashed line indicates
1985 — 2006 mean SST; Bold line indicates movirygdr mean SST; Black filled
circles indicate mean Oct — Jun temperature (9 h®onte., excluding Jul — Sep);
Black arrows indicate first detection Bérkinsussp. at each location.
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Figure 6.8. (Cont'd)
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6.3.8.4. Associations between water temperature and interditPerkinsus sp. infection in
2002 and 2005

Although there was no significant difference in fheevalence ofPerkinsussp. infections in
abalone between 2002 and 2005, infection intessitiere significantly greater in 2002. During
2002, 95% of infections were high-grade (Ray’s gra®) compared to only 31% from the 2005
survey (Section 4.3.5). It is noteworthy that watmperatures were lower in 2005, compared to
2002 by approximately °C (Fig. 6.7), the greater temperatures in 2002 doeissociated with
greater infection intensity.

6.3.9. Availability of data about water quality and the fEntial to examine associations
between water quality and observed mortality events

The major time-series of data concerning water iyuare summarised in Table 6.2 within 3
categories: location-specific monitoring, pre 1%9(QTable 6.2.1); location-specific monitoring
post-1990’'s (Table 6.2.2); beaches and waterwagsal contamination (Table 6.2.3).

In general, these data are of limited use for timpgse of correlating parameters of water quality
with the timing of abalone mortality events and grevalence and intensity éferkinsussp.
infections in abalone. In contrast to the data lalé about SST, the available time-series
describing water quality do not cover the spatiad gemporal scales at which abalone mortalities
and detection oPerkinsussp. have been documented. Time-series prior to the’$39@ limited

to the Sydney region alone (Tables 6.2.1 and 6.Z8jnmencing in 1995, associated with the
ocean outfalls of sewerage treatment plants, aaredgd range of water-quality parameters were
monitored by the NSW Department of Environment @uaihservation. However, this monitoring
has been limited to the section of coast betweain&y and Kiama (Table 6.2.2). Similarly,
routine monitoring of faecal coliforms and enteroticon beaches has been spatially concentrated
in the Sydney and lllawarra regions, commencingSgdney beaches in 1966 and on lllawarra
beaches in 1996. Monitoring of faecal contaminat@mn beaches and in waterways between
Ballina (far north coast of NSW) and Mystery bagr(6outh coast of NSW) did not commence
until 2002.

Associations between water quality parameters gnchdrtality events and (ii) prevalence and
intensity ofPerkinsussp. infections in abalone were not explored furthehis project. Ideally, to
examine such associations, parameters of wateityjwaluld be available across the geographic
range of interest and available both prior to afmkes the documented mortality events.
Specifically, for our purposes, the available wapeality data:

® do not cover the spatial scale of reported massatitogs (Port Stephens, Central
Coast, Sydney, Wollongong, Kiama) and the suddetirdein abundance at Jervis
Bay)

(i) do not cover the spatial scale Pérkinsussp. infections (locations: North Coast,
Crowdy Head, Port Stephens, Central Coast, Sydive}iongong, Kiama, Jervis
Bay, Merimbula)

(i) do not cover the temporal scale required (pre arsd mortalities and/or detection
of Perkinsussp.) for any of these locations except Sydney (e/tzelimited range
of parameters of water-quality were monitored ptint995).
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Table 6.2.

Main sources of water quality data for the NSWaocevaters since 1942, listed by category (Tablel@.8cation-specific monitoring pre-

1990s; Table 6.2.2 Location-specific monitoringtgt®90s; Table 6.2.3 Beaches and waterways — faecghmination).

Table 6.2.1. Location-specific monitoring, pre-1990’s

Source Locations Years Parameters Sampling Reference
frequency
CSIRO Division of Port Hacking 1942 - 1988 Temperature ~ weekly MHL, 1988
Fisheries and Salinity
Oceanography Dissolved Oxygen
Inorganic phosphate
Nitrate Nitrogen
Caldwell-Connell Sydney (offshore): 1972 -1979 Temp - MHL, 1988
Engineers Turimetta Head to Marley Head Salinity
Density
Dissolved Oxygen
Total phosphate
Nitrate nitrogen
TKN nitrogen
Ammonia
pH
Water clarity
CSIRO Division of Stanwell Park 1983 -1984 Temp - MHL, 1988
Fisheries and Salinity
Oceanography
Water Board's Malabar (offshore) 1987 Temp - MHL, 1988
Scientific Services Conductivity
Dissolved Oxygen
pH
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Table 6.2.2.

Location-specific monitoring, post-1990's.

Source

Locations

Years

Parameters

Sampling Reference

frequency

Water Board's
Scientific Services
and State Pollution
Control Commission

Department of Environment
and Conservation

Department of Environment
and Conservation

Sydney (inshore & offshore):
Long Reef to Port Hacking

NSW coast (Ocean STPs):
North Head to Kiama

NSW coast (Ocean STPs)
Bondi, Malabar, North Head,
Cronulla, Bellambi, Port Kembla

1989 - 1993

1995 - 2004

1995 - 2004

Temp

Salinity

Dissolved Oxygen
Turbidity
Suspended solids
Chlorophyll-a
Ammonia-nitrogen
Oxidised nitrogen
Inorganic phosphorus
Total phosphorus
Faecal Coliforms

Temp
Conductivity
Dissolved Oxygen
pH
Ammonia-nitrogen
Oxidised nitrogen
Total phosphorus
Total Kjeldahl nitrogen
Total nitrogen
Range of metals,
pesticides &
effluent toxicity

(as above)

~ every 2-3 weeks EPA, 1995

~ monthly SWC, 2005

daily
but, ~ every 6 days
for Cronulla

SWC, 2005
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Table 6.2.3.

Beaches and waterways, faecal contamination.

Source Locations Years Parameters Sampling Reference
frequency

Water Board's Sydney (beaches): 1966 - 1993 Beach conditions ~every6days MHL, 1988;

Scientific Services Palm Beach to Cronulla Faecal coliforms up to 1988; & EPA, 1995

and Environmental Protection Faecal streptococci thereafter ~ weekly

Authority Grease

Department of Environment  Sydney (beaches): 1994 - present Faecal Coliforms ~every6days SWC, 2005

and Conservation Palm Beach to Cronulla Enterococci

Sydney Water Corporation lllawarra (beaches): 1996 - present Faecal Coliforms ~every6days SWC, 2005
Warilla to Fisherman's Beach Enterococci

Department of Environment ~ NSW coast (beaches, waterways): 2002 - 2003 Faecal Coliforms ~ weekly DEC, 2004

and Conservation -
Beachwatch Partnership
Pilot Program

involving 15 local councils

Seven Mile Beach (nth of Ballina)
to Maroubra;

& Tilbury Cove (Shoalhaven Bight)
to Mystery Bay;

Enterococci
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6.4. Discussion

6.4.1. Evaluation of hypotheses regarding alternative cagsof observed mass mortalities
of abalone and perkinsosis

Based on analyses presented in this and previaerds of this report, likelihoods of alternative
components of sufficient cause complexes (hypothpeesented in Section 6.1.3) for the observed
mass mortalities and perkinsosis in abalone in N@&\summarised in Table 6.3. The rationale for
the relative likelihoods are explained below.

Table 6.3. Hypotheses regarding component factors of sufficause complexes for the
documented mass mortalities of abalone.

Hypothesis / Component factors in sufficient caus e complex Likelihood

Epi-Hyp-1 Low
A pathogen (other than Perkinsus sp.) is necessary and sufficient

Epi-Hyp-2 Low
Water temperature (above some threshold) is necessary and sufficient

Epi-Hyp-3 Low
An environmental factor other than water temperature (above some threshold) is necessary and sufficient

Epi-Hyp-4 High
Perkinsus sp. is a necessary factor

Epi-Hyp-4.1 Low
(Perkinsus sp. necessary)
P. olseni is sufficient

Epi-Hyp-4.2 Low
(Perkinsus sp. necessary)
A pathogen (other than P. olseni) is a component factor

Epi-Hyp-4.3 Low
(Perkinsus sp. necessary)

An environmental factor other than water temperature (above some threshold) is a component factor

These factors are sufficient

Epi-Hyp-4.4 High
(Perkinsus sp.necessary)
Water temperature (above some threshold) is a component factor

Epi-Hyp-4.4.1 Medium
(Perkinsus sp. necessary)

Water temperature (above some threshold) is a component factor

These factors are sufficient

Epi-Hyp-4.4.2 Medium
(Perkinsus sp. necessary)

Water temperature (above some threshold) is a component factor

Other (unidentified) factor(s) involved

Epi-Hyp-1 and Epi-Hyp-4.2

The hypotheses that involve a pathogen other Bexkinsussp. as a component factor represent
unlikely explanations. Apart fromRerkinsussp., no other pathogens were detected by hist@bgic
examination of the 209 abalone examined in thidystr the 407 wild abalone from the NSDA

survey in 2002-03 (Chapter 5; Callinan and Lan@0€6). Neither were any pathogens other than
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Perkinsussp.identified in abalone that were collected and exauiiat the time of mortality events
at Terrigal in 1992, Sydney-Wollongong in 1993 dtidma in 1996 (Section 4.1.2, Appendices
12.4.1-12.4.5).

Epi-Hyp-2

It is not likely that water temperature (elevatedabove some threshold) is a necessary and
sufficient cause. At each of the locations whereatality events were identified, there were years
prior to the observed mortality events in which evdemperature was equal to or greater than that
during the mortality event (Section 6.3.8.3 and.F&8). If elevated water temperature,
independent ofPerkinsussp, was the cause of mortality events then there wdalde been
mortalities prior to and since those that were regab

Epi-Hyp-3

It is deemed unlikely that any environmental stwedss both necessary and sufficient. During
interviews, divers associated several factors wligiclines in abundance of abalone over time
scales of the order of a year, namely severe stg¢emsompassing floods, large seas, sand-up
events), water quality (associated with sewagerreat plants); elevated water temperature; and
intensive harvesting (Section 6.3.7; see commanf§able 3.1; Section 3.4.1). Without doubt,
weather-driven mortality events and other fact&g.( poor water quality) can impact abalone
stocks, causing mortalities from time to time. Hoer there were no environmental factors that
were associated by divers with mortality eventd there consistent across the mortality events
identified in Section 3.3.1: the “2000 mortalityeen” at Port Stephens; the “1992 mortality event”
on the Central Coast; the “1993 mortality event”Sstdney-Wollongong; the “1996 mortality
event” at Kiama; and the 2000 — 2002 sudden dedatiadundance at Jervis Bay.

Unfortunately, available data characterising wapeality were of limited use for the purpose of
correlating parameters of water quality with thmitig of abalone mortality events and the
prevalence and intensity &erkinsussp. infections in abalone. The available time-sef&ection
6.3.9) do not cover the spatial and temporal scaeshich abalone mortalities and detection of
Perkinsussp.have been documented.

Based on these arguments, it is not possible ® out the importance of some environmental
stressor as a component of a sufficient cause @ni@sed on these arguments. However, given
the evidence that the presencd”efkinsussp. is a necessary factor (see below), the liketihtbat

an environmental stressor alone is necessary dficiesot is extremely low.

Epi-Hyp-4

The evidence that the presencdPefkinsussp. is a necessary factor in a sufficient causeptsm
for the documented mortality events is compellihgpte that, by definition, the presence of
Perkinsussp. must be a necessary factor for the developofgrrkinsosis.

Perkinsusspp. includingPerkinsussp. are infectious pathogens of molluscs that Hasen
associated with mass mortalities of shellfish waitte (Chapter 4; Villalbat al, 2004).

Perkinsussp. infections were identified in dead and moribuaizhlone collected within the
immediate area at the time of mass mortality evant§errigal in 1992, Sydney-Wollongong in
1993 and Kiama in 1996 (Section 4.1.2, Appendi@4§.1 — 12.4.5).

The geographic range &ferkinsussp. infections identified in the 2005 survey wastnieted to
Region 1 of the abalone fishery (north of locatiSouth Jervis Bay”) with a single exception, the
“outpost” of infection at a single site (Merimbuba)thin location “Eden-Tathra” on the far south
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coast of NSW (Chapter 4). With the exception of Merimbula site, the geographic distribution
of Perkinsussp. identified in 2002-03 and 2005 corresponds withdistribution of documented
mass mortalities (Chapter 3). Moreover, within Regl between Port Stephens and Jervis Bay,
there have been no reported mass mortalities dbadat locations whererkinsussp.was not,

or has not since been, identified.

Perkinsussp. infections detected by histology in samplesftmth the 2002-03 and 2005 surveys
were generally systemic (Chapter 5; Callinan anddos, 2006). In abalone with high-intensity
infections, there was evidence of substantial §ssod organ damage including disruption of the
gut epithelium and infarction in the gills. The kivee from which these tissues were sampled were
alive when collected but it is only a small extemsin logic to conclude that progression of such
intense infections would result in mortality (Chept5). Furthermore, the proliferation of
Perkinsusspp., progression into multiple organs, functiongbairment and subsequent mortality
is well described in other hosts (Villallkeaal, 2004, Parlet al, 2006b).

It is concluded very likely tha®erkinsussp. was involved as a necessary factor in the dented
mass mortalities of abalone. Given this conclusibris necessary to consider the alternative
hypotheses that includgerkinsussp. as a necessary factor.

Epi-Hyp-4.1

Whilst the presence ®ferkinsussp. is a hecessary factor for the development idimpsosis and it

is considered “high likelihood” that it is necegstactor for the documented mortalities of abalone
along the NSW coast, it is unlikely that, actingrad, it represents sufficient cause. Despite the
presence, in 2005, #erkinsussp. within locations between the north coast of N&Wd Jervis
Bay and at Merimbula on the far south coast (Chiapje there have been no reported mass
mortalities evident at any locations on the NSWstaince the 1996 mortality event at Kiama and
the sudden decline in abundance at Jervis Bay 00 20 2002 (Chapter 3). Thus, whilst the
presence ofPerkinsussp. is a necessary factor, there must be other aoemp factors for
mortalities to occur. This is not surprising, givlie evidence that prevalence and intensity of
Perkinsusspp. infections in other mollusc hosts is relatedenvironmental variables, water
temperature and salinity in particular (Sectiorisband 6.1.2).

Epi-Hyp-4.3

It is possible that some environmental variablédéothan temperature), in addition to the presence
of Perkinsussp., was responsible for the documented mass rti@sahnd high-grade infections
observed in abalone surveyed in 2002 and 2005.pFtxeimity of the locations of documented
mass mortalities to major coast population centnedISW (Newcastle, Sydney, Wollongong)
suggests the possibility that an environmental ofla@ssociated with the presence of such
population centres (e.g., a pollutant) may be apmrant of a sufficient cause complex.

However, as explained for Epi-Hyp-3, there wereengironmental factors that were consistently
associated by interviewed divers with mortality mt¢ethat were consistent across the documented
mass mortality events. Secondly, available timéesasf water quality data do not cover the spatial
and temporal scales at which abalone mortalitied detection ofPerkinsussp. have been
documented. Thus, identification of such an envitental factor is problematic.

However, based on the strong evidence for watepeéeature as a component factor in the cause of
perkinsosis and host mortality, this hypothesisi{fgp-4.4) which excludes water temperature as
a factor, is graded as “Low” likelihood.
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Epi-Hyp-4.4

There is strong evidence that, in addition to thesence ofPerkinsussp., water temperature
(above some threshold) is a component factor inflicent cause complex. Note that the factor
“water temperature (above some threshold)” is @etitely a generic statement. As well as
including the concept of absolute temperature thineshold also must include the concept of the
duration of exposure to given temperatures. Fomgka, the threshold for development of an
intensePerkinsussp. infection in an individual might be water tematare in excess of 20 for 4
months. The threshold for mortality to result migjet water temperature in excess ofQfor 6
months. It is beyond the capacity of this projectassess what the actual threshold might be.
Rather, we are concerned with the more generalegirthat some threshold associated with water
temperature is a factor in disease developmentraas$ mortalities. It is also important to note the
evidence from other studies that transmissioRerkinsusspp. among hosts is density-dependent
and development of perkinsosis within individualstsois dose-dependent (see Section 6.1.1).
Thus, the necessary factor “presencePefkinsussp.” should be more specific and include the
concept of some threshold dose. The clarificatioimiportant because low densities of abalone in
an area accompanied by low prevalenc®efkinsussp. may result in low rates of transmission
and sub-threshold dosagesRarkinsussp. to abalone.

Field observations and in vivo and in vitro expemts in the laboratory, both internationally and
in Australia) demonstrate the temperature-deperel@ficmortalities due td®. marinusand P.
olseni / P. atlanticusn mollusc hosts. A recurring conclusion from thésvestigations is that
water temperatures above approximatelyC2@re associated with increased or maximum rates of
zoospore production, prevalence and intensity déctions, disease transmission and host
mortality (see Sections 6.1.1 and 6.1.2). Resulimflimited laboratory experiments done in
Australia concerningP. olseniinfections in greenlip and blacklip abalone alsggest increased
prevalence and intensity of infections at tempeestwf approximately 2C compared to lower
temperatures (see Section 6.1.2).

At all locations on the NSW coast where mass mitigalof abalone were documented (Chapter
3), 1-year moving average SSTs were greater thd@ 28ection 6.3.8). Mean SSTs during
October — June (quarters 4, 1 and 2) were grelader 22C and mean SSTs of greater thafiCC0
during both January — March and April — June quarteere associated with mortality events at
each location (Section 6.3.8).

Mean annual SSTs and mean quarterly SSTs declintbdincreasing latitude along the NSW
coast (Section 6.3.8; Fig. 6.6) and no mass murtalients or sudden unexplained declines in
abundance have been documented south of Jervig@epter 3). In particular, there have been
no reports of mass mortalities in the Merimbulaaaneor evidence of any sudden decline in
abundance in the Merimbula area (Section 6.3.6,6:#) — Merimbula being the single site to the
south of South Jervis Bay on the far south coabt®#V at whichPerkinsussp. has been detected.
Intensity of Perkinsussp. infections detected at Merimbula were all lowaelg (Section 4.3.5 and
Table 4.3). During the 3 years 2004 — 2006 meama@n8ST for the far south coast was 18.7
with mean SST during January — March 21&pril — June 18.9 July — September 16.2nd
October — December 17.8These temperatures were significantly lower tteamnperatures further
north on the coast. Thus, it is plausible (but Bndnstrated) that infections Berkinsussp. in
abalone in colder water on the far south coast ®\M\cannot develop into high-grade infections
nor result in mass mortalities.

Intensity of Perkinsussp. infections and tissue damage were greaternples of abalone from
the 2002 survey compared to the 2005 survey (Ch&pteéWater temperatures were greater in
2002 compared to 2005 by approximate¥ ISection 6.3.8.4 and Fig. 6.7). These results are
consistent with water temperature as a contributustpr determining disease progression.
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Future repeats of the 2005 broad-scale surveyfettion prevalence and intensity would provide
a means of monitoring any expansion of the geogcammge ofPerkinsussp. In particular,
identification of high-intensity infections on thsouth coast of NSW and/or documented
mortalities of abalone would provide further ingighto the importance of a threshold water
temperature. Replicated, controlled laboratory erpents designed to test hypotheses about the
transmission, prevalence and intensityPefrkinsussp. infections across a range of temperatures
and (e.g., 1%, 20C 25°C) and exposure times (e.g., 1 week, 1 month, 3mspB months) would

be particularly relevant (see Chapter 8).

Epi-Hyp-4.4.1

This hypothesis Rerkinsussp. and high water temperature being sufficientseawcannot be
considered as high-likelihood because of the figdimat Perkinsussp. infections in abalone at
locations “Crowdy Head” and “North Coast” (to thertih of Port Stephens) were low-intensity
infections (Ray’s grade €). Under this hypothesis, the expectation is thfgtctions would have
been at least as intense as those detected beReeeStephens and Jervis Bay. Nor have there
been any reports of mass mortalities of abalona fildorth Coast” or “Crowdy Head” locations.

However, this hypothesis cannot be discounted andidered low likelihood because of plausible
mitigating arguments. Firstly, reports of mass mlities at these locations are less likely than at
other locations to the south due to the relatively fishing effort by abalone divers at these
locations. Secondly, the finding of extremely higievalence of low-grade infections at location
“North Coast” in 2005 is also consistent with aativof Perkinsussp. during early 2005,
immediately prior to the 2005 survey. In this casgroduction of Perkinsussp. into a naive
population of abalone may result in high prevalelgewith insufficient time for the intensity of
infections to develop into high-grade infectionsl arause host mortality. Future sampling of the
abalone population within location “North Coast” tietermine the intensity of infections in
abalone would provide a test of this hypothesie &ection 7.3).

Epi-Hyp-4.4.2

Evidence for water temperature as a component faffficient case complex, in addition to the
presence oPerkinsussp., is strong (Epi-Hyp-4.4). However, given thédence associated with
Epi-Hyp-4.4.1 (above) of low intensitierkinsussp. infections in abalone at locations “North
Coast” and “Crowdy Head", it is possible that otfartors must also be present for development
of perkinsosis into a high-grade infection with @s$ated tissue destruction and mass mortality
events.

6.4.2. Hypotheses about the historical distribution andrspd of Perkinsussp. on the
NSW coast

It has been concluded (Section 6.4.1) that, witighH likelihood, the presence dterkinsussp.
was a necessary factor and water temperature {etbea above some threshold) was a component
factor involved in the documented mass mortaliGésbalone and for the development of high-
grade perkinsosis. It was not possible to distisiglietween alternative hypotheses that excluded
and included an additional unknown environmentatda (Epi-Hyp-4.4.1 and Epi-Hyp-4.4.2) in
the sufficient cause complex.

Because these alternative hypotheses each invoévpresence dPerkinsussp. and at least one
additional environmental factor as component factarthin sufficient cause complexes, it is
important to consider wheth&erkinsussp. has been endemic and widely distributed albieg t
coast of NSW since many years prior to the epizsotAlternatively, the documented mass
mortalities of abalone and more recent detectionPefkinsussp. at particular locations at
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particular times may be closely associated withatfival of Perkinsussp. at these locations. Note
that this would not be an issue if we had concluthed the presence &ferkinsussp. alone was
necessary and sufficient for the development dkipsosis and mortality of abalone. Evidence for
the 2 alternative hypotheses is considered here.

Hist-Distribn-Hyp-1:

Perkinsussp. has been endemic along the coast of NSW since meass prior to the
documented mass mortalities and identificatiofPefkinsussp. in abalone (and that spatial
and temporal variations in an environmental faatetermined the spatial and temporal
distribution of detectablPerkinsussp, pathogenicity and subsequent mortalities).

Suppose thaPerkinsussp. has been endemic and widely distributed altiegNSW coast for
many years prior to the documented mortalities @&nts temporal variation in some other
environmental factor that determines the temporiatridution of detectablePerkinsus sp,
pathogenicity and subsequent mortalities. Undes hiyipothesisPerkinsussp. would be widely
distributed along the NSW coast during both 2002 2005 (in addition to all other years). During
each of these years, abalone populations wereyahand tissue samples from large numbers of
animals were tested fdPerkinsussp. using Ray’s test and lesser numbers were eramin
histologically and tested by PCR. Nerkinsussp. infections were detected in abalone from vast
stretches of the NSW coastline during both survegs. example, of 280 abalone sampled from
locations Ulladulla, North Bateman’s Bay and SoBtteman’s Bay during the 2005 survey, no
Perkinsussp. were identified by Ray’s test on gill tissume=280) or by histological examination
of multiple organsr{ = 15). If Perkinsussp. infections in abalone existed along the emigaVv
coastline during 2002 and 2005, then these infestioust have existed at undetectable levels: (i)
in gill tissue that was examined by Ray’s testidrifi organs other than gill tissue at levels that
were not detectable by histology. Given that adgrgpportion of the gill tissue was used for Ray’s
test (approx. 50%) and singRerkinsussp. cells are easily detected, it is unlikely tRatkinsus
sp. was present at undetectable levels in thetigdlie. In contrast, low-level infections (Ray’s
grade_<1) were rarely detected by histology (Section ¥4.8nd Fig. 4.3). Thus, if low-level
infections ofPerkinsussp. exist in organs other than gills, it is likehey will not be detected by
the methodology used in this project. When, howeRerkinsussp. infections were detected by
histology in this project, the gills were one ofisel organs within whicPerkinsussp. was most
frequently found (Section 5.3.1 and Fig. 5.1). Wipbssible, it seems unlikely thRgrkinsussp.
infections existed in abalone sampled from thetdties of coastline in 2002 and 2005 for which
no infections were detected. This suggests thiatunlikely thatPerkinsussp. has been endemic
and widely distributed along the coast of NSW simamy years prior to the epizootics.

The detection oPerkinsussp. in abalone at the Merimbula site during thevesyiin 2005 is also
inconsistent with this hypothesis. Under this hfeais, it is spatial and temporal variation in an
environmental factor that determines the spatidl temporal distribution of detectaldRerkinsus
sp, pathogenicity and subsequent mortalities. TRatkinsussp. was detected in 4 of the 20
abalone sampled from the Merimbula site in 2005, it detected in any of the 321 abalone
sampled from sites between South Jervis Bay andnibeita, or in any of the 61 abalone sampled
from sites to the south of Merimbula is inconsistetith this hypothesis. Detection &ferkinsus
sp. in abalone at Merimbula would imply the preseotan environmental stressor at this site that
is simultaneously absent from the other 19 sitehdasouth of South Jervis Bay.

It is therefore concluded, from available evidera unlikely thaPerkinsussp.has been endemic
along the coast of NSW since many years prior t® dtocumented mass mortalities and
identification ofPerkinsussp.
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As a component of future surveys, application aludably sensitive testing methodology for the
identification of Perkinsussp., across multiple organs would provide furtheidence for the
presence/absence Berkinsussp. infections in abalone sampled from sectionthhefNSW coast
for which infections were not detected during t®2 survey. As discussed in Section 4.4.1 and
Section 7.3, further development of real-time PGRags accompanied by a formal study of the
comparative sensitivity of real-time PCR, histolognd Ray’s test would be valuable. An
established real-time PCR with sensitivity equinal® Ray’s test, but with application to tissue
samples from multiple organs, would facilitate fastd efficient testing for the presence of
Perkinsussp. in multiple tissue samples from multiple orgfmosn multiple abalone sampled from
survey sites.

Hist-Distribn-Hyp-2:

Perkinsussp. has not been endemic to the entire coast of lBWhany years prior to the
documented mass mortalities and identification Pafrkinsussp. in abalone (and that
detection ofPerkinsussp. in abalone at a location at a point in time is elpsassociated
with the arrival ofPerkinsussp).

The alternative hypothesis t&pi-HypHistorical-Distribution-A is that documented mass
mortalities of abalone and more recent detectionPefkinsussp. at particular locations at
particular times occurs soon after the arrival Rérkinsussp. at these locationEi-Hyp-
Historical-Distribution-B) Note that the development of high-grade perkiissasd subsequent
mortality would only occur if the auxiliary envirorental variable(s) exceeds the necessary
threshold(s). The spatial and temporal pattern afuchented mass mortalities (Chapter 3) is
consistent with this hypothesis.

Consider a scenario in whicRerkinsussp. was introduced into the vicinity of the Central
Coast/Sydney-Wollongong in the early 1990s, by aknown process from an unknown source.
This pattern of documented mortality events is tbemsistent with the spreading Bérkinsussp.
through naive populations of abalone to the nontkd aouth of the Central Coast/Sydney-
Wollongong since the early 1990s. Mortality evemtsurred on the Central Coast in 1992 and at
Sydney-Wollongong in 1993. This was followed, fatho the south, by the “1996 mortality
event” at Kiama and subsequently, further to thetlsothe “2000 — 2002 sudden decline in
abundance” at Jervis Bay. The “1992 mortality eVemt the Central Coast was followed by the
“2000 mortality event” at Port Stephens to the Imort

Extension of the documented rangePafrkinsussp. infections occurred between 2002 and 2005,
to the north as far as Point Perpendicular (witbgation “North Coast”) and to the south at the
single “outpost” of infection at Merimbula (locatio Tathra-Eden). These extensions of
documented range are consistent with, but do peogigbstantial evidence for this hypothesis
because the 2002 survey didn’t extend to the nafrtBrowdy Head, nor to the south of location
“South Bateman’s Bay” (i.e., not as far south as Kherimbula site at whicPerkinsussp. was
detected in 2005). It cannot be effectively dem@tst thatPerkinsussp. infections in abalone
did not exist at these locations in 2002.

Whether transmission éferkinsussp. among locations occurred by passive or actieehamnisms
(see discussion in Section 6.4.Berkinsussp. must, under this hypothesis, have arrived at a
location sometime prior to the documented mortaitgnt. UndeEpi-Hyp-4.4.1(the combination

of Perkinsussp. and water temperature above some threshold) einessary and sufficient),
development of high-grade perkinsosis and mortalibuld occur as soon after the arrival of
Perkinsussp. as water temperature exceeded its threshold $oifficient amount of time. Under
Epi-Hyp-4.4.2(Perkinsussp., temperature stress above threshold and sdmee @bvironmental
variable above threshold being necessary and mirffjcdevelopment of high-grade perkinsosis
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and mortality would occur as soon after the arrofdPerkinsussp. as both water temperature and
the other environmental variable exceeded threshalldies. If development of high-grade
perkinsosis requires water temperature to be abotlgeshold of approximately 2D (Section
6.3.8), for a period of, say 6 months, then thigghold was exceeded for each of the documented
mortality events. This threshold was not exceedédaimbula in 2005, consistent with only low-
grade Perkinsussp. infections being detected here at this timds Threshold was exceeded,
however, for locations “North Coast” and “Crowdyad in 2005 wherd?erkinsussp. infections
were only of low-grade intensity (see discussiorEpeHyp-4.2.1and Epi-Hyp-4.2.2in Section
6.4.1).

Another observation that is consistent with theeading of Perkinsussp. through naive
populations of abalone are the observations of mamxi prevalence dPerkinsussp. infections at
the northern and southern boundaries of the doctedegeographic range #ferkinsussp. This
observation was originally based on the 2002 sudata (Callinan and Landos, 2006; and see
Appendix 6 in Section 12.6). In 2005, this patterms repeated on the north coast of NSW with
infections most prevalent at 3 sites within locatitlorth Coast”. On the south coast, excluding
the “outpost” ofPerkinsussp. infection at Merimbula, St. Georges Head (SoutlviddBay) was
the most southern site at whiBlerkinsussp. infections were identified. Prevalence of itifats at
this site was greater than at the sites to thehrafrSt. Georges Head within South Jervis Bay, at
which infections has been most prevalent in 20@2{i8n 4.4.3, Table 4.3, Fig. 4.5).

Considering the consistency of available evidenddh wthe 2 hypotheses about the historical
distribution and spread ¢ferkinsussp. on the NSW coast it is concluded that the mosbable
explanation is that the observed mortalities andietection ofPerkinsussp. in abalone at a
location at a point in time is closely associatdthwhe arrival ofPerkinsussp. That is,Perkinsus
sp. was not endemic to the entire coast of NSWhfany years prior to the documented mortality
events and subsequent detectioPerfkinsussp.

6.4.3. Mechanisms of transmission

Transmission oPerkinsusspp cells (trophozoites and/or hypnospores and/or zmes)) via ocean
currents and the potential for active transmisdigrvectors including other marine species and
human beings through their activities has been deimated (see Section 6.1.1). The scope of this
project did not include experiments or extensiviesays concerning mechanisms of transmission.
This project did, however, include a small-scale/ey of the presence #ferkinsussp.infections

in alternative mollusc hosts at 3 sites in thenitgi of Jervis Bay (Sections 6.2.4 and 6.3.4) and
evaluation of the potential for transmission Rérkinsussp. through translocation of abalone
during fishing operations (Section 6.3.5) and tigtotranslocation/reseeding experiments (Section
6.3.6).

No Perkinsussp. infections were detected in any of the 4 molgecies (totah = 176) from the
small-scale survey to identify alternative mollisxsts forPerkinsussp. at Jervis Bay. Neither did
Gill (2003) detectPerkinsussp. infections among the 7 specimens sampled fronurfi and
Drumsticks” at North Jervis Bay or the 190 specimeampled at Wanda Wanda Head near Port
Stephens in 200Rerkinsusinfections have been found in many species inrdteations around
Australia and, in particular, 9 species includingchlip and greenlip abalone around the Yorke
Peninsula in South Australia (Goggin and Leste©5)9 Moreover,Perkinsusisolated from 8
mollusc species were shown to have low host spégifin the laboratory (Goggiat al, 1989). In
other studies, transmission ®ferkinsusspp. has been demonstrated both with and without
alternative / intermediate hosts (Section 6.1.1e Timited number of alternative mollusc hosts
and sites and locations surveyed in NSW therefoegegnts the conclusion thBerkinsussp.does

not infect species other than blacklip abalone 8WW The only statement that can be made is that
no alternative host species fBerkinsussp. have yet been identified in waters along th&WNS
coast. Thus, the involvement of intermediate hdastthe transmission of perkinsosis along the
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NSW coast cannot be discounted. Sampling of alteramollusc species as a component of
future broad-scale surveys Berkinsussp. infections in abalone would provide more cosiclel
evidence regarding alternative hosts (see Sectin 7

Multiple activities were identified that involvedanslocation of abalone during fishing operations
that could have in the past and in the future teisukransmission oPerkinsussp. Activities
identified that involved translocation of abalonepatial scales up to 10’s of km included:

- harvesting of abalone by divers at individual dr{fi®s — 100’s metres)

- hanging of abalone over the side of the boat orgingwater over abalone in the boat
during a day'’s fishing (10’s km)

- hanging of catch during multi-day trips (10’s knapprox. 100 km)

- movement of sub-legal abalone among reefs (10kemf

- shucking of abalone and discard of viscera (10'$ km

Activities associated with fishing that involvedaiislocation of abalone at greater spatial scales
included:

- movement of divers, boats and equipment betwesatitms (100’s km)
- movement of catches to processors and distrib(1®&'s km)
- distribution of abalone viscera as bait (100’908’s km)

It is also possible that experiments involving trenslocation and reseeding of abalone between
1999 and 2001 could have inadvertently translocatemlone carryind?erkinsussp. infections
(Sections 6.2.6 and 6.3.6). Brood-stock for thd@i®mhatchery involved in these experiments was
obtained from wild populations of abalone at logas at whichPerkinsussp. infections were
known to occur. As there was no testing of sampfelsrood-stock or hatchery-reared juveniles
prior to 2002, the possibility that hatchery-reajedeniles and larvae released at sites along the
NSW coast were infected witherkinsussp. could not be excluded. Some of these releases w
into locations within whichPerkinsussp. was known to already exist (Sydney and Kiama).
Releases in the vicinity of Port Stephens betweB888land 2001 were prior to the first
identification of Perkinsussp. at Port Stephens in 2002 but coincident with“2000 mortality
event” at Port Stephens. Releases of hatcheryetgaveniles at Tura Pt, Merimbula in 2001 and
at sites near Eden between 1999 and 2001 wereatdos at whichiPerkinsussp. was not known

to occur.

It has been discussed thidie pattern of documented mortality events is ciast with the
spreading ofPerkinsussp. through naive populations of abalone to thehnand south of the
Central Coast/Sydney-Wollongong since the early0$9%ection 6.4.2). The spatial and temporal
pattern of documented mortality events (at Cenfradst in 1992, Sydney-Wollongong in 1993,
Kiama in 1996 and the sudden decline in abundamcéervis Bay during 2000 — 2002) is
consistent with mechanisms of passive transmissispgecially given the prevailing southerly
currents associated with the East Australia CurfeAC). Similarly, the “2000 mortality event” at
Port Stephens, to the north of Central Coast arth&yWollongong is not inconsistent with
passive transmission given the variability of eddi@poth anti-clockwise warm-water and
clockwise cold-water eddies) associated with theCEAortherly inshore currents and longshore
transport on this section of the NSW coast (e.gesS8wellet al, 1983; Nilsson and Cresswell,
1981; Marchesiello and Middleton, 2000). Passi@mgmissiorPerkinsussp. cells (trophozoites
and/or hypnospores and/or zoospores) could alse baen supplemented by any of the active
mechanisms of transmission that have been idethtifie

If the detection ofPerkinsussp. at locations to the north of Port Stephensdifcly Head” and
“North Coast”) in 2005 represents an expansionhef tange ofPerkinsussp. since 2002, then
transmission may have resulted from passive ovactiechanisms. Note, however, that there was
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no identification ofPerkinsussp. at sites within location Forster — Seal Rook&002 or 2005 and
this location is between Port Stephens — Broughdlamd and the Crowdy Head. This suggests an
increased likelihood of active mechanisms of trassion.

Whether or not the main mechanism of transmissioRerkinsussp. among locations between
“North Coast” and “South Jervis Bay” was passivfiea than active, passive transmission cannot
readily explain the presence BErkinsussp. at one isolated site on the far south coaptIWV
(Merimbula) by 2005. This is of course assuming arkinsussp. was not present in abalone at
undetectable levels at the many sites between Skauths Bay and Merimbula that were sampled
in 2005. Any of the active mechanisms of transroissidentified previously may have been
involved (other marine species, birds, human a@s). However, those that appear most likely
are those fishing-related activities that operdtéha scale of 100’s of km (movement of divers,
boats and equipment between locations; distributidnabalone viscera as bait) and the
translocation of potentially-infected abalone tad@ ®t (5 km to the north of the Merimbula site)
that occurred in 2001 during translocation/reseg@dixperiments.

As an adjunct to any future survey of the prevateotPerkinsussp. infections in abalone along
the NSW coast, it would be useful to include addidil survey sites at and in the vicinity of sites a
which juvenile abalone were released during theaeéimg experiments during 1999 — 2001 (Tura
Pt near Merimbula and several sites near Eden} Wbuld facilitate testing the hypothesis that
Perkinsussp. infections exist in abalone at sites in clogimity to reseeding sites but do not
exist at sites away from reseeding sites (see @e¢tB).

Other important aspects of the epizootiology okesosis have also been addressed in this study.
Conclusive evidence for the primary portals of eritr Perkinsusspp. into hosts is lacking but
several studies have suggested the importanceedfithand labial palps (see Section 5.1). This
project did not involve specific experiments to ek this issue but findings from the histology
work are consistent with the likely importance o€ gill as a primary portal for entry Berkinsus

sp. into abalone. Firstly, of the various organshimi which Perkinsussp. trophozoites and
tomonts were found, gill tissue was one of the nfiexjuently infected. Secondly, in 4 of the 6
instances thaPerkinsussp. was detected in a single organ, the organteffegas the gill (Section
5.3.1). However, other scenarios including ingestiould not be ruled out.

Perkinsussp. infections were more frequent in female (10.98&) in male (5.0%) abalone but no
significant difference in the intensity of infeati® between males and females sampled during the
2005 survey (Section 6.3.1). Equivalent analysisdafa from the 2002 survey showed no
significant difference in the prevalence of infeas in males (8.3%) and females (10.0%). The
significance of the greater prevalenceR#rkinsussp. infections in females than males during
2005 is not known and we could find no precedentethie literature for gender-specific
prevalence.

Prevalence and intensity Blerkinsussp. infections did not differ significantly amoniget4 size-
classes (length-classes) of abalone examined (B8e6tB.2). This contrasts with several studies
that found greater prevalence and/or intensityPefkinsusspp. infections in adult compared to
juvenile hosts. It has been speculated that thig beadue to greater filtration rates and longer
exposure to infective cells (Sections 5.3.1 an{l. 5.4
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6.5. Conclusions

« Prevalence oPerkinsussp. infections was gender-specific with infectianere frequent in
female (10.9%) than in male (5.0%) abalone in 200f&ere was no gender-specific difference
in infection intensity.

« Prevalence and intensity Berkinsussp. infections in abalone during 2005 was not ddpen
on the size (length) of abalone.

e« There has been no decline in abundance of abalbrfsteery-independent survey sites
(monitored since 2005) adjacent to the southerontfr of infection (located at St George'’s
Head within location South Jervis Bay in 2005).

« No alternative host species fBerkinsussp. in NSW have yet been identified. Rerkinsus
sp. infections were identified in 4 mollusc speciespled near Jervis Bay in 2005. Neither
were anyPerkinsussp. infections identified by Gill (2003) at sitesam Jervis Bay and Port
Stephens.

e There were no environmental factors that were stasily associated by interviewed divers
with mortality events that were consistent acrdss tdocumented mass mortality events
(identified in Chapter 2).

« The potential to examine associations between wgiality and observed mortality events
was limited. Available time-series of water qualitsta do not cover the spatial and temporal
scales at which abalone mortalities and detectidgheokinsussp.have been documented.

« The documented mortality events at specific locetim specific years were not consistently
associated with increases, decreases, maximumrommi values in any of the indices of
water temperature examined. Mortality events weogyever, associated with indices of water
temperature in excess of BD(20°C, 21°C or 22C for the 3 indices considered).

« The greater intensity oPerkinsussp. infections identified in 2002 compared to 2005
corresponds with indices of water temperature thate also greater in 2002 than in 2005,
consistent with the hypothesis that progressioninédction intensity is related to water
temperature.

< Among various hypotheses concerning factors inuwblire the cause of documented mass
mortalities:

- the likelihood thaPerkinsussp. was a necessary factor was considered “High”;

- the likelihood that water temperature (above sdmeshold) was an additional
component of cause was considered “High”

- the likelihood that these 2 factors were sufficieas considered “Medium”

- the likelihood that an additional environmentaltéaavas also involved was
considered “Medium”

e Alternative hypotheses concerning the historicatrdiution of Perkinsussp. on the NSW
coast were considered and, based on consistergypotheses with available information, the
hypothesis that:

“Perkinsussp. has been endemic along the coast of NSW since ryeemg prior to
the documented mass mortalities and identificatibRerkinsussp. in abalone (and
that spatial and temporal variations in an envirental factor determined the spatial
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and temporal distribution of detectal®erkinsussp, pathogenicity and subsequent
mortalities)”

was considered less likely to be correct than gpothesis that:

“Perkinsussp. has not been endemic to the entire coast of IB\Wany years prior
to the documented mass mortalities and identificatif Perkinsussp. in abalone (and
that detection oPerkinsussp. in abalone at a location at a point in time is elgs
associated with the arrival 8ferkinsussp).”

« The spatial and temporal pattern of documented afibes (Chapter 3) and finding that
prevalence ofPerkinsussp. infections was greatest at the boundaries efifected zone
(excluding the “outpost” of infection at Merimbul@hapter 4) are consistent with an epizootic
propagating through naive populations of abalone.

« Multiple fishing-related activities were identifiedat could have translocated abalone infected
with Perkinsussp. and facilitated transmission Berkinsussp. into populations of abalone
that were previously disease-free. Activities thetolved translocations at spatial scales of
less than 100’s of km included: harvesting of abalby divers at individual drops; hanging of
abalone over the side of the boat or pumping water abalone in the boat during a day’s
fishing; hanging of catch during multi-day tripspdashucking of abalone and discard of
viscera. Activities that involved translocation albalone at greater spatial scales included:
movement of divers, boats and equipment betweeatitots; movement of catches to
processors and distributors; and the distributioabalone viscera as bait.

« Experiments involving the translocation of abaldmen the wild to a breeding facility and the
subsequent translocation of hatchery-reared juserdahd larvae from the facility to the wild
between 1999 and 2001 could have inadvertentlsimaated abalone carryiRerkinsussp.
infections.

e The spatial and temporal pattern of documented masgality events and dPerkinsussp.
infections between “North Coast” and “South JerBigy” is consistent with the passive
transmission of Perkinsus sp. among adjacent populations of abalone but Iplyssi
supplemented by active mechanisms of transmission.

« The isolated “outpost” oPerkinsussp. infection in abalone at Merimbula is likely have
resulted from an active mechanism of transmissuch an active mechanism could have
involved a mobile marine species or bird actingaasector, the fishing-related activities that
involved translocation of abalone or abalone vigcesver 100's of km, or the
translocation/reseeding experiments that includesl release, in 2001, of hatchery-reared
juvenile abalone at Tura Pt (5 km to the northhef Merimbula site at whicRerkinsussp.
was identified in 2005).

Perkinsus-related mortality of blacklip abaloneggins G.W. & Upston J. Project No. 2004/084



132 Industry & Investment NSW

1. FURTHER DEVELOPMENT - MANAGEMENT AND
RESEARCH OPTIONS

7.1. Introduction

Internationally,P. olseniis listed by the OIE as a notifiable pathogen andsequently, some
countries may require imports of shellfish to bdified free fromP. olseniinfection (OIE, 2009).
Prevention of introductions is of great importanbecause outbreaks of diseases in the wild are
extremely difficult to eradicate (DAAF, 2004; Vilza et al, 2004). Control and prevention
measures foP. olsen; listed by the OIE, are limited to the long-terptions of chemotherapy and
resistance breeding (OIE, 2009). Recent researckecning these options fdrerkinsusspp.
infections in mollusc hosts has focused on these daweas and includes selective breeding to
obtain disease-resistant hosts (e.g., Ragone Cailval. 2003a; Villalbaet al, 2004) and
chemotherapeutants for use in closed systems (eaigalet al, 1999; Villalbaet al, 2004;
Elandallousset al,, 2005; Chuwet al, 2006).

Within Australia, Commonwealth Aquavet plans ouwdlithe strategy for control and eradication of
particular diseases in shellfish (e.g., DAFF, 2084ndlinger, 2007). Disease response plans also
exist for various diseases within each state butspecifically for Perkinsussp. East (2003)
highlights that there is no zoning program withinstalia to keep unaffected areas free from
Perkinsusinfections. For diseases that have become widadpoger time and eradication is no
longer an option, then containment, control andrepare options (e.g., DAFF, 2004). A range of
control and prevention measures have been impleudmny other Australian states in order to
reduce the risk of spread @&ferkinsuswithin abalone populations. In response to in@das
prevalence oP. olsenj a ban on shucking of abalone at sea, closuraseak affected by. olseni
and the removal of abalone showing clinical sighdisease from reefs have been implemented in
South Australia (e.g., Casement, 2003).

A precautionary approach to the management of ptipuls of abalone affected IRerkinsussp.

in NSW is warranted. Current understanding of tpizatiolgy of perkinsosis is NSW and in
other Australian jurisdictions is incomplete andrthis potential for further impact of the disease
on the commercial and recreational fishery conegetr on the south coast of NSW. In this
chapter, we consider immediate management risks amtibns and research and monitoring
options that will inform management in the longennt.

The principal objectives of this component of thejgct, presented in this chapter, were to:
@ Identify immediate management risks and options;

(i) Identify high priority research and monitoring apts that will inform
management in the longer term.

7.2. Immediate management — risks and options

7.2.1. Limiting the risk of transmitting Perkinsus sp. tonaffected populations of abalone

A formal risk analysis can include the calculatiminprobabilities or, if information is scarce, an
estimation of the likelihood for risk of diseasdra@uction, spread and establishment, as well as
the magnitude of consequences (Jones and Stepb86% Ihe mechanisms of transmission of
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Perkinsussp. among hosts in NSW are poorly understood. Hewevrange of activities that may
have been associated with the translocation antsrtrission ofPerkinsussp. among abalone

populations and the spatial scale at which the$gitées operate have been identified (Section
6.3.5, 6.3.6 and 6.4.3). These activities also hdne potential, in the future, to translocate
Perkinsussp. and further extend the geographic range oP#rkinsussp. infections in abalone.

Whilst the geographic distribution éferkinsussp. is broad-ranging to the north of St. Georges
Head (near Jervis Bay), the parasite has beenifidenat a single site (Merimbula) on the far
south coast of NSW (Section 4.3.2). No mass meytalients associated witerkinsussp. have
been identified in the vicinity of Merimbula nor there evidence of decline in abundance of
abalone at Merimbula (Fig. 6.4 in Section 6.3.6)s lalso possible that transmission, progression
in intensity and possibility of mortality resultifgpm Perkinsussp. infections in abalone on the
far south coast is limited by the lower ambient avaiemperature compared to more northern
locations (Chapter 6). However, given the uncetii@snabout the epizootiology of perkinsosis in
NSW, management options to limit the risk of traission of Perkinsussp. to unaffected
populations of abalone on the far south coast aMN\iBe a priority.

Closures to fishing

Containment of disease outbreaks and the sprepaltiobgens in the environment may be achieved
by closures (e.g., DAAF 2004). This approach isbfgmatic in open marine systems where the
pathogen may be widespread but may still be apfai@pin cases where host species are not very
mobile, such as abalones. Zoning of areas andatasrthe movement of abalones between zones
is consistent with the National Strategy adopteddieease outbreak situations or for areas where
pathogens have become endemic but the aim is tcedtieir spread to other areas (DAAF 2004).

If closures are implemented to contain parasiteagyr then establishment of a buffer zone
between the infected areas and disease-free amdsactive surveillance of the parasite are
required (see zoning policy guidelines in: Ano®Q@; DAAF, 2004; OIE, 2009).

At present, the component of Region 1 of the almf®hery in NSW, between Port Stephens and
Jervis Bay, is closed to commercial and recrealidishing for abalone. Commercial and
recreational harvesting of abalone occurs to thehnof Port Stephens and in the vicinity of
Merimbula, areas whefeerkinsussp. infections in abalone have been identifieds iimportant to
note that the closures introduced between Porth8tepand Jervis Bay (see Section 3.1) were
implemented with the primary objective of removiighing mortality from populations of abalone
that were heavily depleted. They were not spedifidamplemented to reduce the possibility of
translocating abalone infected wiBlerkinsussp. Furthermore, a structured fishing survey during
2007-08, to collect data about abundance of abalkdtinén the closure involved limited harvesting
of abalone by fishers. Similar surveys and/or fighedependent surveys of abundance are
planned for future years and there is the prospleapening this component of the coast to limited
commercial and recreational harvesting if and wieeovery of stocks is demonstrated.

If closures were implemented with the objectivecoftainingPerkinsussp. infections, then there
are several consequences. It is likely that indectiofPerkinsussp. in abalone within the existing
closure will persist into the future, so there imimal chance that this area would be opened to
fishing in the future. Moreover, the existing closwvould need to be extended to the north coast
of NSW, a buffer zone implemented south of St. @esrHead (South Jervis Bay) and another
closure, including buffer zones, implemented invteénity of Merimbula.

Fishing practices and risk of transmission

Another approach to minimising the risk Bérkinsussp. transmission concerns modification of
existing fishing practices that involve a risk ocdrismission. The range of activities, identified in
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Chapter 6, that present a risk of translocating sadsmittingPerkinsussp. into disease-free
areas, especially on the south coast of NSW, arsidered here.

There were multiple activities and practices asdedi with fishing that involved the translocation
of abalone (potentially infected witPerkinsussp.) that occurred within spatial scales up to D®'s
km: harvesting of abalone by divers at individuedpb; hanging of abalone over the side of the
boat or pumping water over abalone in the boatndud day’s fishing; movement of sub-legal
abalone among reefs; and the illegal practice aotking of abalone and discard of viscera (see
Section 6.3.5). Given the spatial scale of up tts ¥ km, such practices will not extend the
geographic distribution dPerkinsussp. when diving occurs to the north of Jervis BHyere is,
however, the possibility that such practices caxtend the distribution dPerkinsussp. around
the Merimbula area.

Hanging of catch also occurs on multi-day tripgtmsnorth coast and could transiérkinsussp.
over distances up to approximately 100 km (Sec@d5). Given the locations at which this
practice occurs (100s of km to the north of JemB&y), this practice is will not result in
transmission ofPerkinsussp. to the south coast of NSW. If, for whateversagg hanging of
abalone was to occur in the future on the soutlstcoBNSW, there would be a risk of disease
transmission between areas and consequently,rdnitige is undesirable.

Activities identified that involved translocatiori abalone at spatial scales of 100’s or 1000’s of
km included: the movement of divers, boats and mgant between locations; movement of
catches to processors and distributors; the digtdb and use of abalone viscera as bait (Section
6.3.5). The spatial scale at which these activitiesur presents the risk of introduciRgrkinsus

sp. into disease-free areas.

It is possible to minimise the risk of translocgtiviable cells ofPerkinsussp. resulting from the
movement of divers, boats and equipment betweeatitots. The development of “Standard
Operating Procedures” for the decontamination afigggent (tools, boats, people and clothing,
transport containers) provides a means of minirgighis risk (see Appendix 7, Section 12.7).
These operating procedures are, however, voluatadythe current level of compliance with these
procedures is not known. If, in the absence ofwles, such procedures are to be the main defence
against transmission &ferkinsussp. into disease-free areas of the coast, thendmration should

be given to making these procedures mandatory. Mpoitant issue associated with such a
decision concerns the difficulties of monitoringlaanforcing compliance with these procedures.

In the absence of closures preventing the hargesfimbalone potentially infected wiBerkinsus
sp., it is inevitable that abalone infected warkinsussp. will be received by abalone processors.
A review of current procedures used by processuodsaaidit against best practice procedures were
beyond the scope of this project. It is recommeraied high priority, however, that such a review
is undertaken.

The distribution and use of abalone viscera asrhait result in the transmission Bérkinsussp.
over 100’s or 1000’s (inter-state) of km (SectioB.6). Cells ofPerkinsussp. can survive freezing
(Gogginet al, 1990), so containers of frozen “Ab. gut” sold lmgit and tackle shops along the
NSW coast and containing abalone potentially irfdctvith Perkinsussp. presents a risk. To
counter this risk and the risk of transmitting ame viral ganglioneuritis (AVG), the use of
abalone viscera as bait or burley was made illeghiSW in December 2007.

7.2.2. Harvesting populations of abalone depleted by Paskis sp.
Abalone populations between Port Stephens andsJBay have been severely depleted, due to a

combination of fishing and mortalities resultingorfr the pathogerPerkinsussp. Given the
absence of fishery-dependent data since the cl®wsareommercial fishing and limited fishery-
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independent survey sites in this region (Chaptea83essment of the status of abalone stocks is
problematic.

A structured fishing survey, done in 2007, involvadimited number of commercial abalone
divers fishing at specified drops (specific locasp between Port Stephens and Jervis Bay. The
specified drops at which fishing occurred were cteld from “historically productive drops”
identified by the commercial abalone divers intewéd during this project (Section 3.2.1).
Analysis of data from this survey is incomplete fpueliminary analyses suggest significant
variation in rates of catch among drops within Zoaed among zones. Mean catch rates from the
Kiama area were greater than those achieved betRedrStephens and Wollongong (D. Ferrell,
DIl NSW, pers. comm.). Further development of thésructured fishing” survey design is
currently underway.

Continued monitoring of abundances of abaloneshtefiy-independent survey sites also provided
a means of monitoring abundance and recovery okstim this region up until the last year of this
survey in 2007. Future repeats of this survey wopfdvide more recent data to inform
management decisions concerning access of fishetgetresource. This survey covers a limited
number of locations but is a non-destructive samgpléchnique that does not involve the removal
of abalone.

Whether abalone stocks iRerkinsussp.-affected areas of Region 1 can sustain comaterci
harvesting has not yet been determined. In additmrcontrolling risks of transmission of

Perkinsussp., a future harvest strategy for this region wékd to recognise the possibility that
there may be future mortality events duePerkinsussp. in addition to mortality from future

fishing. A limit reference point in terms of deptat relative to pre-exploitation biomass or
biomass in a reference year would need to be monsecvative given the unpredictability of
future mortalities due tBerkinsussp.

7.3. Research and monitoring — high priorities

7.3.1. Monitoring the geographic distribution of Perkinsusp.

Future repeats of the broad-scale survey compiat@@05 would reveal any future expansion in
the geographic range ®ferkinsussp. infections in abalone. Expansion of the ranfgBaykinsus
sp. infections to the south of South Jervis Bayaaparticular concern, given that this section of
the NSW coast sustains the commercial fishery. peaé survey (e.g., every 5 years) would
facilitate ongoing monitoring of geographic rangel durther inform understanding of the spread
of Perkinsussp. infections. The geographic range of the suskmuld also be extended to the far
north coast of NSW, given that the northern extdrihe survey in 2005 was site “Bonnie Hills”
(between Laurieton and Port Macquarie) within laoatNorth Coast”.

7.3.2. Monitoring of mortality events

If, in the future, any mortality events are repdrtey divers (commercial abalone fishers or
recreational divers), identification of ambient Bommental conditions (water temperature and
any unusual ambient conditions) and samples ofbuad abalone would be of great value. If
examination of moribund abalone reveals infectioithwPerkinsussp., then the intensity of

infection and extent of tissue destruction couldbgociated with the condition of the abalone and
associated mortality event. This was not achiewethd this project because all findings about the
intensity of infections and consequent tissue detttn came from abalone that were collected
live, showed no clinical signs of disease priotasting and histological examination and were not
associated with any mortality event. Note that daputolysis generally renders dead abalone
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useless for examination by histopathology, so tbkection of moribund abalone from future
mortality events is of fundamental importance.

During this project, the abundance of abalone site® adjacent to the southern fronPafrkinsus

sp. infection at South Jervis Bay was monitorectiiSe 6.2.3). Between April 2005 and October
2006, there was no significant decrease in the ddnwe of abalone at these sites and no
observations of morbidity or mortality. Based o firoximity of these sites to the St. Georges
Head site at whicPPerkinsussp. infections were prevalent, continued monitofigbundance of
abalone at these 8 fixed sites (or in conjunctiaith future repeats of the fishery-independent
survey of abundance of abalone) would be valuddéally, these sites would be surveyed during
the period January — June when it is expectedfattions ofPerkinsussp., if present, would be
developing.

7.3.3. Development, in Australia, of real-time PCRs fordlidentification of Perkinsus sp.

Given the potential advantages of the speed, effayi and specificity of PCR over Ray’s test and
histology for detectingerkinsusnfections, further development of PCR assaysifagnosis oP.
olseniandPerkinsussp.-variant ITS infections in abalone in NSW angstkalia is indicated. In
particular, real-time PCR can be used to more atelyr quantify initial parasite levels in tissue
than the standard PCR, which relies on an end-peattion. Some pilot development work of a
Tagman real-time PCR for detectiRy olseniin molluscs is currently being done at the CSIRO
Aquatic Animal Health Laboratories in Geelong aniti@l results are promising (S. Corbeil, pers.
comm.). The need for further development and a &bretudy of the comparative sensitivity of
real-time PCR, histology and Ray’s test is a higbrjiy. Establishment of such a technique within
Australia would provide the fast and efficient diagis of infections oP. olsenj variants ofP.
olseni and other species derkinsusin tissue samples from a range of mollusc orgdinés
capacity is seen as fundamental to the efficiemtraon of other research projects considered
here.

7.3.4. The importance of water temperature as a factortive development of perkinsosis

Uncertainty about sufficiency of the presencePefkinsussp. and water temperature elevated
above some threshold (e.g.,°@) as the cause of the development of perkinsosiseaentual
mortality of abalone can be addressed in severgswa

The finding that infections dPerkinsussp. in abalone sampled from “Crowdy Head” and “Rort
Coast” in 2005 were low intensity (Ray’s gradd xinfections is inconsistent with the hypothesis
that the presence ®erkinsussp. and water temperature above some threshold sudfieient
cause for the development of high-intensity inf@t$i and subsequent mortality (Epi-Hyp-4.4.1 in
Section 6.4.1). One possible explanation for thiglihg was that the prevalent low-intensity
infections detected at “North Coast” sites resulfeain the transmission oPerkinsussp. to
abalone at this location immediately prior to tleedtion of infections in 2005. Further sampling
of abalone from these locations to estimate prexalend intensity of infections would provide a
test of this possibility. Given the relatively higrater temperature on the north coats of NSW, if
high-grade infections dPerkinsussp. are not identified in abalone at this locatiseveral years
after 2005), then this would indicate that the pneg of Perkinsussp. and elevated water
temperature are not sufficient factors for develeptof high-grade perkinsosis.

There is also an important role for manipulativieolia@atory-based experiments concerning the role
of water temperature in disease progression. Exptial treatments in which abalone were
exposed tdPerkinsussp. at temperatures betweer? a6d 25C (e.g., 18 2¢°, 25°C) for various

durations (e.g., 1 month, 3 months, 6 months) aldexjuently tested for prevalence and intensity
of infection would provide a test of the hypotheiat infection intensity, tissue destruction and
mortality are positively associated with water temgture and duration of elevated water
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temperature. Such an experiment would obvioushude control tanks within which abalone
experienced equivalent water temperatures andidarhut without being exposed &erkinsus

sp.

Increased understanding of the importance of watenperature is fundamental to future
management of the fishery given that predictionsnficlimate change models suggest increasing
water temperature on the south coast of NSW.

7.3.5. Intra-annual and inter-annual variations in prevalece and intensity of Perkinsus
sp. infections

Studies ofPerkinsusspp. in other hosts and the finding from this ecbjthat intensity of
Perkinsussp. infections in abalone was significantly greate2002 compared to 2005 (water
temperature being greatest in 2002) suggest thd farefurther understanding of inter-annual
variability. Some understanding of inter-annualiatitity would accrue from repeats of the 2002
survey every 5 years but an alternative approacifddavolve the selection of a sub-set of sites
from the 2005 survey and monitoring infection piemae and intensity in abalone at these sites
more frequently (annually or every 2 years). Ifithim each survey year, samples of abalone were
collected during each of 3 quarters (October — b, January — March, April — June), this
design would also facilitate a test of the hypoihdbat the intensity (and also prevalence) of
infections increases during these 3 quarters (§p8ummer, Autumn), as has been found for
Perkinsusspp. in other hosts.

7.3.6. Clarification of the genetic and taxonomic statushd geographic distribution of
Perkinsussp.-variant ITS

Identification of a Perkinsussp. with a previously undescribed ITS-region gessguence
(Perkinsussp.-variant ITS) suggests the presence of a neansof P. olsenior alternatively, a
previously undescribed species (Sections 4.3.2 4dd®). Reeceet al. (2001) identified 12
different genetic strains &f. marinusalong the Atlantic and Gulf coasts of the USA, 1umiform
geographic distribution of these strains and ewidetihat oysters could be infected by multiple
genetic strains simultaneously. Based on the lanitember of tissue samples from the 2005
survey on which PCR’s and gene sequencing were @fone1, Section 4.2.1.3) and the origin of
the samples (locations) both the relative frequeokty. olseniand Perkinsussp.-variant ITS
infections in abalone and the geographic distrdrutof P. olseniand the variant are poorly
determined.

Further development of PCR methods to efficientigtidguish P. olseniand the variant is
indicated. Provided that such methods were estaaigrior to, or at the time of, future broad-
scale surveys d®. olseniinfections in abalone in NSW, this survey wouldyde clarification of
the relative frequency and geographic distributb®. olseniand the variant in abalone along the
NSW coast. Moreover, differences could be compdetveenP. olseniand the variant in the
intensity of infections, tissue destruction andtlresponses that occur. It is important to deteemin
whether there is any difference in the virulenc¢hef strains.

Given the lack of knowledge about intra-specifioggic variation inP. olseniacross Australia, it
would be valuable to compare samplesfoblseniandPerkinsussp.-variant ITS with samples of
P. olsenifrom a range of hosts from other states (S.A.,&Id W.A. in particular).

7.3.7. Confirmation of the absence of Perkinsus sp. in dwae on the majority of the far
south coast of NSW

Whilst possible, it seems unlikely thBerkinsussp. infections existed in abalone sampled from
the stretches of coastline in 2002 and 2005 fockwhio infections were detected (Chapter 4). This
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suggested that it is unlikely thBerkinsussp. has been endemic and widely distributed albag t
coast of NSW since many years prior to the epizsofSection 6.4.2). In order to dismiss the
possibility that low-grade infections éferkinsussp. occur in organs (other than gill) and do not
simultaneously exist in gill at these locationsstiteg for the presence &ferkinsussp. using a
method of greater sensitivity than histology isuieed.

As a component of future broad-scale surveys, egiplin of a suitably sensitive testing
methodology for the identification d¢ferkinsussp., across multiple organs would provide further
evidence for the presence/absenc@@fkinsussp. infections in abalone sampled from sections of
the NSW coast for which infections were not deteéaering the 2005 survey. As discussed in
Section 4.4.1 and Section 7.3.3, further develogroémeal-time PCR assays accompanied by a
formal study of the comparative sensitivity of kiale PCR, histology and Ray’s test would be
valuable. An established real-time PCR with sevigjtequivalent to Ray’s test, but with increased
specificity and application to tissue samples flmider range of organs would facilitate fast and
efficient testing for the presence Bérkinsussp. in multiple tissue samples from multiple organs
from multiple abalone sampled from survey sites.

7.3.8. Identification of alternative hosts for Perkinsugpsin NSW

The limited number of alternative mollusc hosts gketh from sites and locations in NSW prevents
the conclusion thaPerkinsussp. does not infect species other than blacklip abalonBSW.
Moreover, the involvement of intermediate hostthim transmission of perkinsosis along the NSW
coast cannot be discounted. Sampling of mollusciepether than abalone and subsequent testing
for the presence dferkinsussp. infections, in conjunction with a repeat of bread-scale survey

of Perkinsussp. infections in abalone, would directly addréds tincertainty.

7.3.9. Investigating the possible link between reseedingperiments and transmission of
Perkinsus sp. to sites on the south coast of NSW

As an adjunct to any future broad-scale surveyhef firevalence dPerkinsussp. infections in
abalone along the NSW coast, it would be usefuhttude additional survey sites at and in the
vicinity of sites at which juvenile abalone werdegsed during the reseeding experiments during
1999 — 2001 (Tura Pt near Merimbula and severas siear Eden). This would facilitate testing
the hypothesis th&erkinsussp. infections exist in abalone at sites in closimity to reseeding
sites but do not exist at sites away from reseedites. This would provide additional evidence
relating to the possibility that the releases afvda and juvenile abalone during reseeding
experiments done in 1999 — 2001, were responsiblehle active transmission &erkinsussp.

into populations of abalone to the south of thetseun “front” of infection at South Jervis Bay.

7.4. Conclusions

e A precautionary approach to the management of ptipaks of abalone affected Berkinsus
sp. in NSW is warranted. Understanding of the egtintgy of perkinsosis is NSW and in
other Australian jurisdictions is incomplete anereh is potential for further impact of the
disease on the commercial and recreational fisbemgentrated on the south coast of NSW.

e Closures to fishing in areas wheerkinsussp. is known to be present, accompanied by
closures in buffer zones between infected areas disehse-free areas is one option for
limiting the possibility of transmittingPerkinsussp. from areas within which the parasite is
known to occur into disease-free areas.

« Another approach to minimising the risk Bérkinsussp. transmission concerns modification
of existing fishing practices that involve a risk transmission. “Standard Operating
Procedures” for the decontamination of equipmestl$, boats, people and clothing, transport
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containers) provides a means of minimising thik. r&uch procedures may be voluntary (as at
present) or may be a legal requirement for operatidhe fishery.

« In the absence of closures preventing the hangsiinabalone potentially infected with
Perkinsussp., it is inevitable that abalone infected wRkrkinsussp. will be received by
abalone processors. A review of current procedusesl by processors and audit against best
practice procedures is recommended.

e« To counter the risk of transmittinBerkinsussp. (and abalone viral ganglioneuritis), the
distribution and use of abalone viscera as bdiuoley was made illegal in NSW in December
2007.

e Given the absence of fishery-dependent data shrcelbsures to commercial fishing between
Port Stephens and Jervis Bay and limited fishedgjrendent survey sites, assessment of the
current status of the severely depleted abalonekstin this region is problematic. Further
development of the structured fishing survey, filshe in 2007, involving a limited number of
commercial abalone divers fishing at specified ttnigally productive” drops between Port
Stephens and Jervis Bay is recommended.

« Future monitoring of abundances of abalone at fishmlependent survey sites within this
region, with possible expansion of the number tesswithin Region 1 of the fishery, provides
another means of monitoring abundance and recasesyocks in this region of the fishery
and is recommended.

« Whether abalone stocks Rerkinsussp.-affected areas of Region 1 can sustain comalerci
harvesting has not yet been determined. In additioontrolling risks of transmission of
Perkinsussp., a future harvest strategy for this region nééd to recognise the possibility that
there may be future mortality events dudPerkinsussp. in addition to mortality from future
fishing.

e Given the incomplete understanding of the epizéagyp of perkinsosis and associated
mortality of abalone in NSW, high-priority monitag and research projects were identified
that would provide: information about any extensiorthe geographic range Berkinsussp.
in NSW; the tissue and organ destruction associattdd mortality; further understanding of
the component factors (water temperature in pddituof cause; the identification of
alternative hosts; seasonal cycles of transmissioth progression of infections; and the
establishment, in Australia, of fast, efficientlréme PCR assays for the identification Bf
olseni(and variants and oth&erkinsusspp.) infections in molluscs.
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8. BENEFITS

The commercial and recreational fishing sectol®W will derive the majority of benefits from
this project, given the focus of the project on ¢hese of observed mortalities of blacklip abalone
in NSW during the 1990’s, associated pathogenesid apizootiology and management
consequences and options. Nominally, the origimgilieation for funding to FRDC estimated
flows of benefits to commercial and recreationattees in NSW (64%), SA (15%), Tasmania
(7%), Victoria (7%) and WA (7%). Benefits to thestates derive from the presence of significant
fisheries for abalone in these states and theifd=tion of P. olsenior Perkinsussp. in abalone
populations in NSW, SA and WA. Althoudtterkinsushas not been identified in stocks of abalone
in Victoria or Tasmania, benefits also accrue testh states due to the size and economic
importance of their abalone fisheries and the gatkfor future infections oPerkinsusin these
states.

Benefits to the commercial and recreational sectorsNSW derive from furthering the
understanding of historical mortality events (Cleap8), the recent geographic distribution,
prevalence and intensity dferkinsussp. infections (Chapter 4), pathogenesis (Chapfeang
epizootiology (Chapter 6) that inform managemertioas, and future research (Chapter 7). The
extensive set of conclusions from this projectrespnting our improved knowledge of perkinsosis
and associated mortalities in NSW is provided ira@br 10. Minimising risk of transmission of
Perkinsussp. to populations of abalone currently unaffecbsd the parasite contributes to
maintenance of productivity of these stocks andstiesequent economic benefits to fishers, local
communities and the state.

Conclusions from this project concerning perkins@sid mortality events of abalone in NSW and
an extensive literature search on associated tppmasde a reference for other states in examining
the geographic distribution &ferkinsugnfections in their stocks, pathogenesis and epiatogy.
Conclusions relating to methodologies, the relaseasitivity of Ray's test, histology and PCR in
particular, are also of fundamental importance dagnosingPerkinsusinfections in all states.
Recommendations regarding future research prisnitiay also result in future benefits to fisheries
in all states of Australia. For example, developtrard establishment of real-time PCR assays for
the identification ofPerkinsusspp. would provide benefits to all jurisdiction®mitoring their
stocks forPerkinsusnfections and/or monitoring extensions in geograpange of infections.
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9. PLANNED OUTCOMES

The objectives of this project concerned: documntertaand compilation of historical evidence
about the spread d¢terkinsusrelated mortality of abalone in NSW (Objective dscribing the
pathogenesis and making initial investigations haf epizootiology associated with documented
mortality events, with particular reference to th&e of Perkinsug(Objective 2); and to contribute

to the development of strategies to manage popukidf abalone that have, or might be affected
by Perkinsusrelated mortality and, in particular, to evaludtee need for further research
Objective 3). Within a hierarchical structure, thegeneral objectives were broken down into a
second level of specific objectives (Chapter 2) aadh of these objectives has been achieved
within this project.

Historical evidence about mass mortalities of abalon NSW was collected by interviews with
divers and the timing and locations of these evermts documented. Based on information from
interviews with divers, fishery-dependent catch aifbrt data from the fishery and fishery-
independent survey data, the depletion of abaltoeks prior to and since documented mortality
events was estimated (Chapter 3). Information fitbese sources informed several important
conclusions. Mass mortalities of blacklip abalovteserved by divers occurred during the year (+/-
1 year) in 1992 on the Central Coast, 1993 at Sydiellongong, 1996 at Kiama, and in 2000 at
Port Stephens. A sudden decline in abundance, amguamied by observations of morbidities or
mortalities occurred at Jervis Bay during 2000 -©20Stocks of abalone were significantly
depleted, due to fishing, by at least 63% priotht® documented mortality events in the 1990's;
and stocks were subsequently depleted by approgiynanhother 74% due to a combination of the
documented mortality events during the 1990’s amitdd fishing. These estimates suggest that
stocks may have been depleted to less than 10% g \abundance (Sections 3.5 and Chapter
10). These methods, analyses and conclusions @lfiéctive 1 of the project.

The broad-scale survey of the prevalence and ityered Perkinsusinfections in abalone
completed in 2005 and related analyses and cowodsisinderpinned analyses concerning the
pathogenesis and epizootiology presented in sulkségchapters. Understanding the relative
sensitivity of diagnostic methods (Ray’s test, ¢lzgy, PCR and associated gene sequencing)
informed the interpretation of survey resulss. olseniwas one species déferkinsuspositively
identified as infecting blacklip abalone in NSW.dddition, a previously unidentified strain Bf
olsenior previously unidentifiedPerkinsusspecies Rerkinsussp.-variant ITS) was also detected
by PCR and subsequent gene sequencing. Prevaleddatansity ofPerkinsussp. infections in
abalone were compared among locations, amongwitkes locations and with information from

a previous survey done in 2002. The geographiciloiigion of Perkinsussp. infections in abalone

in 2005 represented an extension to the previodstymented geographic range. Patterns in the
prevalence and intensity d?erkinsussp. infections in abalone among locations, amonessi
within locations and between 2002 and 2005 subsglyuenformed analyses concerning
pathogenesis (Chapter 5), epizootiology (Chaptera®)l management and research options
(Chapter 7).

The objective to describe the pathogenesis of psosis associated with documented mortality
events (a component of Objective 2) was addressedhiapter 5. Infections dPerkinsussp.
detected by histology were generally systemic withkstine, gill, kidney, stomach and heart most
frequently infected. Evidence of substantial tiseeerosis, organ damage and haemocyte activity
occurred in abalone with high-intensity infecticarsd provided direct evidence tHagrkinsussp.

is pathogenic to blacklip abalone in NSW. Infiltoat and aggregation of haemocytes provided
evidence of host responseRerkinsussp. and there was a positive relationship betwefattion
intensity and haemocyte activity. The lack of erstdgtion ofPerkinsussp. cells by haemocytes,
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as described foPerkinsussp. infections in blacklip abalone in SA, suggestedifference in
virulence of Perkinsussp. (or strain) and/or difference in the resistan€eabalone in NSW
compared to SA. Histology detected no pathogensrdatianPerkinsussp. Infection intensity did
not affect the length-weight condition of abaloaenpled in 2005 (with Ray’s test grade3x No
conclusions about the primary portal for entry Rérkinsussp. into abalone were possible.
However, evidence of gill infections in the majgriof instances in which infections were
identified by histology in a single organ was cstent with the gill as a portal of entry. These
findings fulfil the component of Objective 2 concigrg pathogenesis.

The objective to make initial investigations of #@zootiology of perkinsosis and associated with
documented mortalities (a component of Objectivev@3 addressed in Chapter 6. The importance
of population variables including gender and simepoevalence and intensity of infections was
examined. A small-scale survey BEerkinsussp. infections in alternative mollusc hosts, atsit
where Perkinsussp. was prevalent in abalone, did not identify aftgrnative host species.
Investigations were made of the likelihood of eamimental variables (acting alone or as auxiliary
factors operating witfPerkinsussp.) as the cause of documented mortality everhtsteTwere no
environmental factors that were consistently asdediby interviewed divers with mortality events
that were consistent across the documented mgréadénts. The potential to examine associations
between water quality and observed mortality evesais limited by the spatial and temporal scales
at which such data was available. The documentathiiip events at specific locations in specific
years were not consistently associated with inegagecreases, maximum or minimum values in
any of the indices of water temperature examineaktdity events were, however, associated with
indices of water temperature in excess di2and the greater intensity of infections identifia
2002 compared to 2005 corresponded with greatezrvtamperature in 2002 compared to 2005.
Based on the consistency of findings from this g@cbjand from other studies in Australia and
internationally, with hypotheses concerning factiorolved in the cause of documented mortality
events, the likelihood of alternative hypothesescafise being correct was graded “low”,
“medium” or “high”. It was concluded highly likelthat Perkinsussp. was a necessary factor for
the documented mortality events. The likelihoodt thvater temperature (above some threshold)
was an additional component of cause was also derexdd high. Whether or not another
environmental factor(s) was also a component ofeauvas indeterminate. It was also considered
likely, based on available evidence, tHag¢rkinsussp. has not been endemic and broadly
distributed along the NSW coast for many yearsrpidoothe documented mortality events. The
spatial and temporal pattern of documented maealiand finding that Perkinsus sp. infections
were greatest at the boundaries of the infectece aoare consistent with a progression of
Perkinsussp. through naive populations of abalone. In agldito passive transmission, multiple
fishing-related activities were identified that @buhave translocated abalone infected with
Perkinsussp. and facilitated transmission of the parasite populations of abalone that were
disease-free. In addition to these possible meshanifor active transmission, experiments
involving the translocation of abalone from thedwvtb a breeding facility and the subsequent
translocation of hatchery-reared juveniles anddarfrom the facility to the wild between 1999
and 2001 could have inadvertently translocatedagigatarryingPerkinsussp. infections. Whereas
the spatial and temporal pattern of documented masdality events and oPerkinsussp.
infections between “North Coast” and “South Jeriiay” was consistent with the passive
transmission oPerkinsussp. among adjacent populations of abalone, possighplemented by
active mechanisms of transmission, the isolatedptwat” of Perkinsussp. infection in abalone at
Merimbula is likely to have resulted from an activeechanism of transmission. The methods
associated with these investigations and the fgwlioutlined here, fulfil the component of
Objective 2 concerning “initial investigations gfieootiology”.

The objective to contribute to the developmenttaitegies to manage populations of abalone that
have, or might be affected WBerkinsusrelated mortality and, in particular, to evalugtte need

for further research was addressed in Chapter & .pbiential for further impact of the disease on
the commercial and recreational fishery, if thegerof Perkinsussp. infections in abalone
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expands on the south coast of NSW, was highligi@akures to fishing in areas whéterkinsus
sp. is known to be present and/or the voluntarynandatory adoption of “Standard Operating
Procedures” for the decontamination of equipmeotl§t boats, people and clothing, transport
containers) would provide a means of minimising tis& of transmission of Perkinsus sp. into
disease-free areas of the coast. In the absenclsifres preventing the harvesting of abalone
potentially infected witlPerkinsussp., it is inevitable that abalone infected witarkinsussp. will

be received by abalone processors. A review ofectiprocedures used by processors and audit
against best practice procedures is recommendex diBtribution and use of abalone viscera as
bait or burley was made illegal in NSW in DecemB807. Assessment of the current status of
severely depleted abalone stocks in Region 1 ofiigieery was also considered and the further
development of structured fishing surveys and ool fishery-independent surveys
recommended. Given the incomplete understandinghef epizootiology of perkinsosis and
associated mortality of abalone in NSW, high-ptionnonitoring and research projects were
identified that would provide: information aboutyaextension to the geographic range of
Perkinsussp. in NSW; the tissue and organ destruction aasetiwith mortality; further
understanding of the component factors (water teatpee in particular) of cause; the
identification of alternative hosts; seasonal cyahé transmission and progression of infections;
and the establishment, in Australia, of fast, &fit real-time PCR assays for the identification of
P. olseni (and variants and othdPerkinsusspp.) infections in molluscs. The discussion of
alternative management options and future monigoand research needs fulfils Objective 3
concerning management strategies and future réspaarities.
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10. CONCLUSIONS

Reported mortality events and declines in abundancef abalone in NSW(Chapter 3)

* Mass mortalities of blacklip abalone, observed v, occurred during the year (+/- 1 year):
1992 on the Central Coast, 1993 at Sydney-Wolloggd®96 at Kiama and 2000 at Port
Stephens. A sudden decline in abundance of abalame;companied by observations of
morbidities or mortalities, occurred at Jervis Baying 2000 — 2002.

» Stocks of abalone between Port Stephens and RBayisvere significantly depleted by at least
63%, due to fishing, prior to the documented magt@&vents in the 1990'’s.

» Stocks of abalone between Port Stephens and Bayisvere depleted by approximately 74%
due to a combination of the documented mortalitgenés during the 1990’s and limited
fishing.

* The estimated 63% depletion of stocks prior to, &4l depletion since the documented
mortality events, suggests that the stock of alealmiween Port Stephens and Jervis Bay may
have been depleted to less than 10% of virgin aducel

« Given limited larval dispersal and localised rettngnt in abalone populations, the recovery of
stocks of blacklip abalone between Port Stephedslarvis Bay is likely to be a slow process.

Identification and geographic distribution of the parasite Perkinsus in abalone in NSW
(Chapter 4)

* Ray’s test on samples of gill tissue was the messisive diagnostic method for the detection
of Perkinsus Histology (on multiple organs/tissues) detectedy a33% of the infections
detected by Ray'’s test. PCR detected only 54%eofrtfections detected by Ray’s test.

* P. olseniwas positively identified, by PCR and gene sequngncas one species of the
Perkinsusggenus infecting blacklip abalone in NSW.

« Identification, by PCR and gene sequencing, ¢feakinsussp. with a previously unknown
ITS-region gene sequendegfkinsussp.-variant ITS) suggests the presence of a \testaain
of P. olsenior alternatively, a previously undescribed species

* In 2005, Perkinsussp. infections in abalone were identified at mudtisurvey sites, within
multiple survey locations between Point Perpendicihear Laurieton and within location
“North Coast”) on the north coast of NSW and Stofges Head (within location “South
Jervis Bay).Perkinsussp. was also identified at a single isolated sifer{mbula, within
location “Tathra-Eden”) on the far south coast &\W.

e P. olseniwas positively identified at multiple survey sitesthin multiple survey locations
between Point Perpendicular (within location “No@least”) and St. Georges Head (within
location “South Jervis Bay”).

» Perkinsussp.-variant ITS was positively identified at mplé survey sites within multiple
survey locations between the northern side of Cyolbead (within location “Crowdy Head”)
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and St. Georges Head (location “South Jervis Bayp§ at a single isolated site (Merimbula,
within location “Tathra-Eden”) on the far south sbaf NSW

Detection ofPerkinsussp. infections in abalone during 2005, at locatibmghe north and
south of the previously documented range Rarkinsus represents an extension in the
documentedjeographic range d?erkinsussp. infections in blacklip abalone in NSW. Actual
extension of geographic range since 2002 cannotdpeluded because the northern and
southern boundaries of distribution identified D08 were outside the geographic range of the
2002 survey.

Prevalence ofPerkinsussp. infections in abalone in 2005 differed sigmifily among
locations and among sites within locations.

Prevalence of infections durirgD05 was greatest in populations of abalone antrthern
and southern margins of the infected zone betwaeesatibns “North Coast” and “South Jervis
Bay” (excluding the "outpost” of infection at Merbula). This is consistent with maximum
prevalence occurring at the boundaries of the tefezone (locations “Port Stephens” and
“South Jervis Bay”) during 2002.

Intensity of Perkinsus sp. infections in abalone (based on Ray’'s test gjradiffered
significantly among locations in 2005.

Although there was no significant difference in fivevalence oPerkinsussp. infections in
abalone in 2005 compared to 2002, intensity ofdtiéms was significantly greater in 2002
(Ray's test grade: 1 — 3) compared to 2005 (Ragsdgrade: 0.5 — 4).

The greater intensity d?erkinsussp. infections in 2002 compared to 2005 explaiestibtter
relative sensitivity of Ray’s test and histologyd@02 compared to 2005. This is because the
relative sensitivity of these diagnostic methoddéster for high-grade infections (96% for
Ray’s grade 2 in 2005) than low-grade infections (8% for Raytade < 2).

Pathogenesis oPerkinsussp. in abalone in NSW(Chapter 5)

Infections of Perkinsussp. (including a subset of cases for whigholseniwas positively
identified by PCR and gene sequencing) in abalba¢ were identified by histology were
generally systemic with intestine, gill, kidneyptach and heart most frequently infected.
Less frequently infected were epipodium, the digestgland, oesophagus, muscle and
haemolymph within the hemocoel. These observatizgre consistent between samples from
2002-03 and 2005.

Substantial tissue and organ damage occurred itorabavith high-intensity infections.
Necrotic tissue associated witPerkinsussp. trophozoites and tomonts was observed in
samples from 2002-03 and 2005. In the most sevémédgtions (2002-03), disruption of the
gut epithelium and infarction in the gills, suggesimpairment to normal nutrient absorption
and respiration (Callinan and Landos, 2006).

Infiltration and aggregation of haemocytes proviéetlence of host response to infections of
Perkinsus sp. (including a subset of cases for lwRicolseniwas positively identified and
there was a positive relationship between infectimansity (Ray’s test grade) and haemocyte
activity.
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« The evidence of substantial tissue necrosis, odganage and haemocyte activity associated
with Perkinsussp. cells in samples from both 2002-03 and 200%iges solid evidence that
Perkinsussp. (and specificallf?. olsenj is pathogenic to blacklip abalone in NSW.

e Pathogenicity oPerkinsussp.-variant ITS remains unresolved.

« The lack of encapsulation d&ferkinsussp. cells by haemocytes, as describedFoplseni
infections in South Australian blacklip abalone gtex, 1986), suggests a difference in the
virulence ofPerkinsussp. (or strain) and/or a difference in the resistaof blacklip abalone
in NSW compared to South Australia.

* No pathogens other thdPerkinsussp. (andP. olsenj were identified by histology in tissue
samples from the 2005 survey. Nor were any pattogémer tharPerkinsussp. identified in
samples from the 2003-03 NSDA survey or in thetkhisamples associated with mortality
events.

« Infection intensity did not affect the length-welgtondition of abalone sampled in 2005.
Because extremely high-grade infectiondPefkinsussp. (Ray’s grade #) were absent from
samples in 2005, this conclusion is restrictedb@@ne with infection intensity Ray’s grade
3.

* No conclusions about the primary portal for entfyPerkinsussp. into abalone are possible.
However, the finding that gill was infected in 4 #hfe 6 instances that histology detected
Perkinsussp. in a single organ, is consistent with thelggling the primary portal of entry.

The epizootiology of perkinsosis and mass mortalitgf blacklip abalone in NSW(Chapter 6)

« Prevalence oPerkinsussp. infections was gender-specific with infectianere frequent in
female (10.9%) than in male (5.0%) abalone in 200f&ere was no gender-specific difference
in infection intensity.

« Prevalence and intensity Berkinsussp. infections in abalone during 2005 was not ddpen
on the size (length) of abalone.

« There has been no decline in abundance of abalbrfesteery-independent survey sites
(monitored since 2005) adjacent to the southerontfr of infection (located at St George'’s
Head within location South Jervis Bay in 2005).

* No alternative host species fBerkinsussp. in NSW have yet been identified. Rerkinsus
sp. infections were identified in 4 mollusc specempled near Jervis Bay in 2005. Neither
were anyPerkinsussp. infections identified by Gill (2003) at sitesam Jervis Bay and Port
Stephens.

e There were no environmental factors that were stasily associated by interviewed divers
with mortality events that were consistent acrdss tdocumented mass mortality events
(identified in Chapter 2).

« The potential to examine associations between wgiality and observed mortality events
was limited. Available time-series of water qualitsta do not cover the spatial and temporal
scales at which abalone mortalities and detectidgheokinsussp.have been documented.

« The documented mortality events at specific locetim specific years were not consistently
associated with increases, decreases, maximumrommi values in any of the indices of
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water temperature examined. Mortality events weogever, associated with indices of water
temperature in excess of BD(20°C, 21°C or 22C for the 3 indices considered).

« The greater intensity oPerkinsussp. infections identified in 2002 compared to 2005
corresponds with indices of water temperature thate also greater in 2002 than in 2005,
consistent with the hypothesis that progressioninédction intensity is related to water
temperature.

e Among various hypotheses concerning factors inwbhie the cause of documented
mortalities:

- the likelihood thaPerkinsussp. was a necessary factor was considered “High”;

- the likelihood that water temperature (above sdmeshold) was an additional
component of cause was considered “High”

- the likelihood that these 2 factors were sufficieas considered “Medium”

- the likelihood that an additional environmentaltéaavas also involved was
considered “Medium”.

e Alternative hypotheses concerning the historicatridiution of Perkinsussp. on the NSW
coast were considered and, based on consistergypotheses with available information, the
hypothesis that

“Perkinsussp. has been endemic along the coast of NSW since yeass prior to the
documented mass mortalities and identificatiofPefkinsussp. in abalone (and that spatial
and temporal variations in an environmental faatetermined the spatial and temporal
distribution of detectablPerkinsussp, pathogenicity and subsequent mortalities)”

was considered less likely to be correct than ypothesis that

“Perkinsussp. has not been endemic to the entire coast of IB\WWany years prior to the
documented mass mortalities and identification Pafrkinsussp. in abalone (and that
detection ofPerkinsussp. in abalone at a location at a point in time is elpsassociated

with the arrival ofPerkinsussp).”

« The spatial and temporal pattern of documented afitbes (Chapter 3) and finding that
prevalence ofPerkinsussp. infections was greatest at the boundaries efifected zone
(excluding the “outpost” of infection at Merimbul@hapter 4) are consistent with an epizootic
propagating through naive populations of abalone.

« Multiple fishing-related activities were identifiedat could have translocated abalone infected
with Perkinsussp. and facilitated transmission Berkinsussp. into populations of abalone
that were previously disease-free. Activities thetolved translocations at spatial scales of
less than 100’s of km included: harvesting of abalby divers at individual drops; hanging of
abalone over the side of the boat or pumping water abalone in the boat during a day’s
fishing; hanging of catch during multi-day tripspndashucking of abalone and discard of
viscera. Activities that involved translocation albalone at greater spatial scales included:
movement of divers, boats and equipment betweeatitots; movement of catches to
processors and distributors; and the distributioabalone viscera as bait.

« Experiments involving the translocation of abaldmen the wild to a breeding facility and the
subsequent translocation of hatchery-reared juserdahd larvae from the facility to the wild
between 1999 and 2001 could have inadvertentlysimaated abalone carryiRerkinsussp.
infections.
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The spatial and temporal pattern of documented mastality events and dPerkinsussp.
infections between “North Coast” and “South JerBigy” is consistent with the passive
transmission of Perkinsus sp. among adjacent populations of abalone but Iplgssi
supplemented by active mechanisms of transmission.

The isolated “outpost” oPerkinsussp. infection in abalone at Merimbula is likely tave
resulted from an active mechanism of transmissuch an active mechanism could have
involved a mobile marine species or bird actingqaasector, the fishing-related activities that
involved translocation of abalone or abalone vigcesver 100's of km, or the
translocation/reseeding experiments that includesl release, in 2001, of hatchery-reared
juvenile abalone at Tura Pt (5 km to the northhef Merimbula site at whicRerkinsussp.
was identified in 2005).

Further development — management and research optis (Chapter 7)

A precautionary approach to the management of tipnk of abalone affected Berkinsus
sp. in NSW is warranted. Understanding of the egtintgy of perkinsosis is NSW and in
other Australian jurisdictions is incomplete anereh is potential for further impact of the
disease on the commercial and recreational fisbemgentrated on the south coast of NSW.

Closures to fishing in areas whePerkinsussp. is known to be present, accompanied by
closures in buffer zones between infected areas disehse-free areas is one option for
limiting the possibility of transmittingPerkinsussp. from areas within which the parasite is
known to occur into disease-free areas.

Another approach to minimising the risk B&rkinsussp. transmission concerns modification
of existing fishing practices that involve a risk transmission. “Standard Operating
Procedures” for the decontamination of equipmestl$, boats, people and clothing, transport
containers) provides a means of minimising thik. r&uch procedures may be voluntary (as at
present) or may be a legal requirement for operatidhe fishery.

In the absence of closures preventing the hangsitinabalone potentially infected with
Perkinsussp., it is inevitable that abalone infected wRkrkinsussp. will be received by
abalone processors. A review of current procedusesl by processors and audit against best
practice procedures is recommended.

To counter the risk of transmittinBerkinsussp. (and abalone viral ganglioneuritis), the
distribution and use of abalone viscera as bdiuoley was made illegal in NSW in December
2007.

Given the absence of fishery-dependent data shrecelosures to commercial fishing between
Port Stephens and Jervis Bay and limited fishedgjendent survey sites, assessment of the
current status of the severely depleted abalonekstin this region is problematic. Further
development of the structured fishing survey, fitlshe in 2007, involving a limited number of
commercial abalone divers fishing at specified ttnigally productive” drops between Port
Stephens and Jervis Bay is recommended.

Future monitoring of abundances of abalone at fishelependent survey sites within this
region, with possible expansion of the number tesswithin Region 1 of the fishery, provides
another means of monitoring abundance and recasesyocks in this region of the fishery
and is recommended.
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« Whether abalone stocks Rerkinsussp.-affected areas of Region 1 can sustain comalerci
harvesting has not yet been determined. In additioontrolling risks of transmission of
Perkinsussp., a future harvest strategy for this region nééd to recognise the possibility that
there may be future mortality events dudPerkinsussp. in addition to mortality from future
fishing.

e Given the incomplete understanding of the epizéagyp of perkinsosis and associated
mortality of abalone in NSW, high-priority monitag and research projects were identified
that would provide: information about any extensiorthe geographic range Berkinsussp.
in NSW; the tissue and organ destruction associatdd mortality; further understanding of
the component factors (water temperature in pddituof cause; the identification of
alternative hosts; seasonal cycles of transmissioth progression of infections; and the
establishment, in Australia, of fast, efficient [rfdme PCR assays for the identification of
Perkinsussp. (and variants and otheerkinsusspp.) infections in molluscs.
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12. APPENDICES

12.1. Appendix 1 — Intellectual Property

It is recommended that all outcomes from this progad potential associated intellectual property
become public domain.

12.2. Appendix 2 — Staff

&I NSW (formerly NSW DPI) project staff:

Dr Geoffrey Liggins  Principal Investigator BSc (k&) M.Comp PhD
Dr Judith Upston Fisheries Technician BSc (Hort€) P

/ Scientific Officer
Pascal Geraghty Casual Fisheries Technician BSoqHo

Entities (and staff) contracted for specific com@ats of project:

NSW DPI Regional Veterinary Laboratory, Wollonglaow part of I& NSW)
(contracted to perform histopathology)

Dr Paul Gill Veterinary Research Officer

Nick Stevens Casual Technical Assistant

Virginia Institute of Marine Science (OIE refererlaboratory in USA)
(contracted to perform PCR assays for identificabbPerkinsu}
Dr Kimberly Reece Associate Professor, School ofiMaScience

The Ecology Lab Pty Ltd
(contracted to provide diving services to suppleinidpl staff during broad-scale survey)
Dr Craig Blount Senior Environmental Scientist

AusVet Animal Health Services Pty Ltd
(contracted to provide review of report with empbas aspects of epizootiology)
David Kennedy Director, AusVet
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12.3. Appendix 3 — Background notes and questions used dog structured interviews
of commercial and recreational abalone divers regaling their history of fishing
in Region 1, observations of morbidity and mortaliyy events, historical changes
in abundance of abalone and environmental variables
12.3.1. Interview questions — commercial abalone divers
Historical diver survey - abalone stocks in region 1 and  Perkinsus-related
mortality.
Background:

Abalone stocks in the region 1 (Port Stephens to Jervis Bay) have declined and there
is presently very little information regarding the magnitude and cause(s) of the
decline. The parasite, Perkinsus olseni, has been identified as a pathogen causing
disease and eventual death of abalone and has been implicated as a possible cause
of the large-scale mortality in NSW. Other environmental factors, which may stress
or kill abalone, cannot be ruled out. The present FRDC project aims to compile and
document the historical evidence about the spread of the Perkinsus-related mortality
of abalone in NSW. An important component of the research is to obtain information
regarding the decline in abalone stocks by interviewing past and long-term abalone
divers. ldeally, we would want to know abundance of abalone (all size classes) on
fished reefs, through time. Also we would like observations of sick/ dead abalone,
spread of Perkinsus, habitat change, water quality, illegal harvesting, recreational
catch. Realistically, we would hope to gain further understanding of the abalone
population decline in region 1 by asking abalone divers a series of questions (see
below). Further, we would ask divers to indicate on maps the locations of previously
productive reef within region 1, and include estimates of past catch (kg per year) from
these reefs.

Questions:

1. Were you an owner/ diver or nominated diver?

2. What year did you commence abalone diving (on a commercial basis) and what
year did you stop diving for abalone? What was the main reason you stopped diving?

3. When you started abalone diving where was your home port? If you moved away
from your initial home port and were still diving for abalone, then please specify the
year you moved, the port you moved to, and reason for the move.

4. What were the main areas (abalone sub-zones) you fished in regionl up until
present? For each of the main areas please estimate the year(s) you fished for
abalone.

5. Do you recall specific years when you either commenced or stopped fishing one of
your main areas? If so, please specify a reason for the change.

6. What proportion (%) of your total fishing days for each year was spent in region 1?
Approximately how many fishing days each year?

7. What was the typical distance you would cover in a day’s fishing? What was the
minimum and maximum distance you would travel in one fishing day?
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8. For each of the main areas you fished in region 1 and assuming a normal fishing
day, estimate your average daily catch rate for each of the following year groupings:

1975-1979
1980-1984
1985-1989
1990-1994
1995-2000
2001-present

9. Assuming a normal fishing day in Region 1, estimate your:
best catch rate
worst catch rate

10. Specify exceptional years when abundance of legal size abalone in region 1 was
either very good or poor?

11. For each of the main areas you fished in region 1 do you recall years when
abundance of under-size abalone was either very good or poor?

12 (a). How would you describe the rate of change in abundance of abalone (legal
size) in region 1, for each year fished, up until the present?

DRAW ON GRAPH (Separate graphs for different areas if necessary; include size
limits & closures if they are recalled easily)

12 (b). For each of these years did you notice large changes in habitat, ocean
temperature, water quality or other environmental factors?

DRAW ON GRAPH

12 (c). Can you recall exceptional environmental events (floods, storms, sand
inundation) that lead to either an increase or decrease in abundance of abalone in an
area? Describe your observations

12 (d). Were there specific areas you fished, where abalone abundance declined
suddenly (within the space of months)?

13 (a). How would you describe the rate of change in illegal fishing in region 1, for
each year fished, up until the present? Can you estimate the number of times you
observed illegal fishing (indicated by shell dumps or direct observations of illegal
fishers), for each year you fished?

DRAW ON GRAPH

13 (b). Are there particular years that were outstanding in terms of frequency and
magnitude of illegal fishing? Specify years

14 (a). How would you describe the rate of change in frequency of recreational
fishing for each year fished, up until present?

DRAW ON GRAPH
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14 (b). Are there particular years that were outstanding in terms of frequency and
magnitude of recreational abalone fishing in the main areas that you fished? Specify
years

15 (a). What fishing methods did you use (include how abalone were transported on
the boat) and did you employ a deckhand? If there was a change in fishing methods
please specify the year(s) of change and provide detalils.

15 (b). What method did you use to measure legal size abalone (in water or on the
boat)? Also what did you do with the under-size abalone?

15 (c). Did you hang your abalone? If so please provide details (when and where;
weight of abalone hung).

16. Did you observe abalone dead, or with abnormal signs (e.g. lesions, lethargic),
on reefs in region 1? If so please provide details and specify year, area and
approximate number of individuals observed.

17. What processor did you supply your product to and was the product processed
as live, frozen, canned meat? If this changed over time then please specify the
year(s).

18. Did you notice abalone from R1 in poor condition or receive comments back from
processor regarding condition of abalone? If so please provide details and year.

19. Did you send letters to the Fisheries department of Minister regarding declines in
abalone stocks in region 1 or similar matters (can you supply us with a copy of the
letter or specify the year the letter was sent)?

20. Do you have old logbooks or notes on your diving, which we could access?

21.Please specify on the maps provided your main abalone drops (i.e. those
regularly fished). For each drop, specify your average daily catch and best ever-daily
catch. Do you recall outstanding catches on spots dived by other abalone fishers?

MAPS

22. Further comments on abalone fishery, which may be relevant to decline of stocks
and Perkinsus?

23. Have you dived as a recreational fisher in the recent past and noticed legal size
abalone on reefs in region 1? If so then please specify the locations on the maps and
for each location rate the abundance as:

Very good (average catch rate 100 kg/ hr)
Good (average catch rate 50 kg/ hr)
Average (average catch rate 25 kg/ hr)
Poor (average catch rate < 15 kg/ hr)

MAPS

24. Have you recently noticed undersize abalone on reefs? If so then please specify
locations on the maps, and give some indication of numbers (1,000's; 100’s; 10’s of
individuals)

MAPS
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12.3.2. Interview questions — recreational abalone divers

Recreational Abalone Divers (long term divers whow  ere mainly based in
Region 1)

1. What areas (sub-zones) in Regionl (Port Steptioedervis Bay component) did
you dive for abalone? Show on a map your main digipots

2. How often did you dive for abalone and what g&ar

3. How many abalones did you collect on averagerjpet

4. What method (scuba, hookah, snorkel) did youtasellect abalone?
5. Did you use a boat or shore dive? If both, tweat was main method?

6. How would you describe the rate of change imalbnce of abalone (legal size) in
Region 1, for each year fished, up until the pr&zen

DRAW ON GRAPH

7. Were there specific years when relative abunglah@abalone had either noticea
increased or decreased? Prior to this change dichgbice major changes in habitat,
ocean temperature, water quality or other envirartaidactors?

8. How would you describe the rate of change &gdl fishing in Region 1, for each
year fished, up until the present?

DRAW ON GRAPH

9. How would you describe the rate of change iquesncy of commercial fishing for
each year fished, up until present?

DRAW ON GRAPH

10. Did you observe abalone dead, or with abnosigals (e.g. lesions, lethargic), on
reefs in Region 17 If so please provide detailsspetify year, area and approximate
number of individuals observed.

11. Did you send letters to the Fisheries departroEklinister regarding declines in
abalone stocks in Region 1 or similar matters ¢@ansupply us with a copy of the
letter or specify the year the letter was sent)?

12. Do you have notes on your diving, which we dadcess?
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12.4, Appendix 4 — Laboratory reports concerning sample®f abalone supplied to the
NSW Agriculture / NSW Fisheries Regional VeterinaryLaboratory associated
with reported morbidity or mortality events and Perkinsus 1992—-1996.

12.4.1. WN92/1337

LABORATORY REPORT WN92/1337
NSW Agriculture Da te submitted : 25.5.92
Regional Veterinary Laboratory

Wollongbar NSW 2477 Da te received : 26.5.92
Telephone : 066 240 261 In terim reports: 1.6.92

Facsimile : 066 240 276

R W COOK:AP
Owner NSW FISHERIES Subject: MOR TALITY
TERRIGAL Species: ABA LONE

Submitted by S FIELD, NSW FISHERIES RLP Board MAITLAND

EXAMINATION RESULTS AND REMARKS

HISTORY Suspected: MORTALITY: Fish (ABALONE) age Unknown, sex Unknown.
Samples taken from waters off the sou thern shore (rock plat-
form) of Terrigal 'skillion' Terrigal . Substrate: rock (bould-
ers). Depth of water: 3-5 m. Area ins pected: approx 45 m of
ocean floor. Other examples were seen to be lying on bottom
shell down either dead or near death. The bottom was littered
with a large number of empty shells. Fish activity appeared to

be normal. Ocean temperature was warm

HISTOPATHOLOGY Further histological sections from both specimens have been
examined and protozoan organisms consistent with Pe rkinsus__ sp.
have been identified associated with foci of inflam mation in
the gill stroma, ovary and around other viscera. | ndividual
organisms are usually 12-17pum in diameter, with a s ingle
vacuole often contai ning round eosinophilic bodies. There are
also discrete 15-27um in diameter clusters of organ isms

containing individual organisms 5um in diameter.

Sample 1 : (Male)

Gills__: Perkinsus -like organisms are associated with foci of

inflammation in gill stroma. There is also mild to moderately
increased cellularity of the gill stroma in areas f ree of
organisms.

Viscera__: Foci of inflammation containing small numbers of
protozoa are present between visceral organs.

Sample 2 _: (Female)

Gill__: As for Sample 1

Viscera _: As for Sample 1

Qvary : Extensive areas of cell lysis with serous exudat ion

and small to moderate numbers of Perkinsus -like organisms.
CONCLUSION Suspected Perkinsus sp. infection.

The contribution of this infection to the nortality problemis

uncertain.

Per ki nsus ol seni has been reported in greenlip abal one
(Haliotis laevigata) in an area of die-back in South
Australi a.

I will discuss with Dick Callinan his requirements for further
preserved and fresh specinens to further investigate the
significance of the suspected Perkinsus sp. infection.

J G BOULTON
OFFICER IN CHARGE
4 September 2008
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12.4.2. WN93/1341

Note that the statement in the histopathology seatf this report that states “This appears to be a
protozoan organism but in much larger clusters tRarkinsussp. identified at Nelson Bay in
May, 1992” is in error and should refer to “Terlid@92” (WN92/1337) not “Nelson Bay 1992".

LABORATORY REPORT WN93/1341
NSW Agriculture Date submitted : 3.6.93

Regional Veterinary Laboratory

Wollongbar NSW 2477 Date received : 4.6.93

Telephone : 066 240 261 Interim reports:

Facsimile : 066 240 276

G C FRASER:AP

Owner NSW FISHERIES Subject: MORTALITY
LAKE ILLAWARRA Species: FISH

Submitted by MR RB CALLINAN
NSW FISHERIES, WOLLONGBAR NSW 2477

RLP Board NSW BUT OMITTED

EXAMINATION RESULTS AND REMARKS

HISTORY Suspected: MORTALITY.
Fish (ABALONE breed). Age adult. Sex unknown.
Abalone specimens collected 26/5/93 offshore from Coalcliff.
Dead shell in area (4metres depth) possible result of kill.

HISTOPATHOLOGY 4 x abalone

No 1 - Male : No significant lesions.

No 2 - Male : Muscle near mouth: in a localised area of
infiltration by mononuclear cells, there are about 15 clusters
up to 60pm in diameter composed of 15um in diameter spherical
bodies containing in section about 5 bodies, 7um in diameter.
This appears to be a protozoan organism but in much larger
clusters than Perkinsus sp. identified at Nelson Bay in May,
1992 (maximum cluster diameter was 28um).
Nos 3 and 4 - Males : No significant lesions.

CONCLUSION Sample 2: Unidentified protozoan cysts in muscle (incidental
finding).

J G BOULTON
OFFICER IN CHARGE

22 October 2007

FINAL REPORT W WINTER, DFO LAKE ILLAWARRA

Perkinsus-related mortality of blacklip abaloneggins G.W. & Upston J. Project No. 2004/084



166 Industry & Investment NSW

12.4.3. WN95/3672

LABORATORY REPOI WN95/3672
NSW Agriculture Date submitted : 13.11.95

Regional Veterinary Laboratory

Wollongbar NSW 2477 Date received :14.11.95

Telephone : 066 261 261 Interim reports:

Facsimile : 066 261 276

P A GILL:AP
R CHICK
Owner NSW FISHERIES Subject:
202 NICHOLSON PDE
CRONULLA NSW 2230 Species: FISH

Submitted by ROWAN CHICK, NSW FISHERIES RESEARCH | NSTITUTE
NSW FISHERIES, CRONULLA NSW 2230

RLP Board MOSS VALE
EXAMINATION RESULTS AND REMARKS
HISTORY Fish (ABALONE breed). Age unknown. Sex unk nown.
Caught 10.11.95, kept in ice slurry since. Current ly in 10%

formalin on ice.

HISTOPATHOLOGY Muscle: There are extensive areas of liquefactive necros is with
infiltrates of haemocytes. Large numbers of Perkin sus sp.in
various stages are present within the lesions.

Similar lesions are present in the mantle and some internal
organs.

CONCLUSION Perkinsosis.

JOHN BOULTON
OFFICER IN CHARGE

22 October 2007
FINAL REPORT R CHICK, NSW FISHERIES
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12.4.4. WN96/1001

LABORATORY REPOF

NSW Fisheries
Regional Veterinary Laboratory
Wollongbar NSW 2477

Date submitted : 4.4.96
Date received : 4.4.96

Telephone : 066 261 261
Facsimile : 066 261 276

Interim reports:

WN96/1001

R B CALLINAN:SGJ

NSW FISHERIES
202 NICHOLSON PDE
CRONULLA NSW 2230

Owner Subject: RESEARCH PROJECT

Species: FISH

Submitted by R CHICK
NSW FISHERIES, CRONULLA NSW 2230

EXAMINATION RESULTS AND REMARKS

HISTORY Single abalone P - three abalone F.

GROSS FINDINGS  No significant lesions seen.

HISTOPATHOLOGY Abalone submitted 4.4.96

Single abalone . Low grade to moderate Perkinsus
foot, gill, mantle, gut wall.

Group of 3 abalone . Low grade to severe Perkinsus
in foot, gill, mantle, gut wall, gonad, digestive g

Abalone submitted subsequently
1 Storm Bay (1 abalone)
infection of gonad, gill and foot.
2 Calm Bay (1 abalone) . Low grade Perkinsus

foot, gill, gut wall, gonad.

3 McLennan (2 abalone) . Low grade to severe Perkinsus
of foot, gill, mantle, gut wall, gonad.

4 Boat Harbour (3 abalone) : No abnormality seen.

5 Luvs Bay (2 abalone) . Low grade to moderate Perkinsus
infection of foot, gill, gut wall, gonad, digestive

Perkinsus  sp organisms were present singly or in groups, and
often in considerable numbers. Most response range
viable to severe inflammation and necrosis. Locali
oedematous areas, sometimes associated with Perkins
present in foot of most abalone.
CONCLUSION Perkinsosis.
All abalone affected except those from Boat Harbou
evidence of fungal infection.

: Low grade to severe Perkinsus

sp infection in

sp infection
land.

sp

sp infection of

infection

Sp

gland.

d from nil
sed
us sp, were

No

Perkinsus-related mortality of blacklip abaloneggins G.W. & Upston J.

Project No. 2004/084



168 Industry & Investment NSW

12.4.5. WN96/1440

LABORATORY REPO} WN96/1440
NSW Fisheries Date submitted : 22.5.96

Regional Veterinary Laboratory

Wollongbar NSW 2477 Date received : 23.5.96

Telephone : 066 261 261 Interim reports:

Facsimile : 066 261 276

R B CALLINAN:GH

Owner NSW FISHERIES/R CHICK Subject: ABALONE INVEST IGATION
CRONULLA Species: FISH

Submitted by L JIANG
NSW FISHERIES, WOLLONGBAR NSW 2477

EXAMINATION RESULTS AND REMARKS
HISTORY Suspected: ABALONE INVESTIGATION.
Fish (ABALONE breed). Age unknown. Sex unknown.
Perkinsus investigation. Specimens collected from v arious locations

along NSW South Coast.

HISTOPATHOLOGY  Sections of foot, gill, mantle, gut digestive gland examined
from 10 abalone from each site.
A moderately severe Perkinsus sp. infection in foot, gill and
gut connective tissue was seen in one abalone only, from the

Kiama site. All other abalone were negative.

CONCLUSION Perkinsiosis detected at Kiama only.
It may be worth exam ning abal one fromthese sites when water
tenperatures are higher. 1t would also be interesting to

conpare test sensitivities for histopathol ogy, thioglycollate
test on tissue and the haenol ynph test. W would require live
abal one for the latter two tests.

R B CALLINAN
SPECIAL VETERINARY RESEARCH
OFFICER (FISH DISEASES)

22 October 2007
FINAL REPORT R CHICK, FRI
SFO, NOWRA
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12.5. Appendix 5 — Images from diagnostic tests

12.5.1. Images of results from Ray’ test

12.5.1.1. A single hypnospore on the surface of and betwdam@llae of the gill.

12.5.1.2. A single hypnospore within a lamella of a gill, Ignade infection.
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12.5.1.3. A cluster of hypnospores within and between gitidHae.

12.5.1.4. Hypnospores within and between gill lamellae, highee infection.
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12.5.2. Images from histopathology (reprinted from Callinaand Landos, 2006)

12.5.2.1. Perkinsus organisms surrounded by necrosis anddissaction.

12.5.2.2. Multiple Perkinsus organisms blocking gill vesseésulting in necrosis (paler areas
with loss of detail).
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12.5.2.3. Dividing Perkinsus parasite in gill vessel.

12.5.2.4. Perkinsus organisms and extensive inflammation ugdé epithelium, leading to
erosion of the epithelium and ulceration of the. gut
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12.6. Appendix 6 — Suspected infections oPerkinsussp. in abalone (positive results
from Ray’s test) sampled during broadscale surveyim 2002 and 2005.

Data is not shown for the 3 locations surveyedhi@ 2005 broad-scale survey that were not
surveyed in 2002 (i.e., “North Coast”, “South Baseris Bay”, “Tathra — Eden”).

Column “M” refers to the month in which samplingcocred

Column “U” refers to the numbers of + test resiiten the 2002 survey for which archived tissue
samples were unavailable for grading of infectimemnsity

Location Site 2002 2005
M N Ray's test M N Ray's test
+ 05 1 2 3 4 5 + 05 1 2 3
Crowdy Head Crowdy Nth 5 20 0 0O 0 0 0 0O O O 3 21 2 0o 2 0 O
Crowdy Sth 5 20 0 0O 0 0 O O O O 3 20 2 0o 2 0 O
Wallabi Point 3 20 0 0O 0 0 O
Red Head 3 20 0 0O 0 0 O
TOTAL 40 0 0O 0 0 0 O 0 O 81 4 0 4 0 O
Forster/ Seal Rx Lattitude Rock 3 21 0 0O 0 0 O
Forster 5 20 0 0O 0 0 0O O O o nil abs
Boomerang 5 20 0 0O 0 0 0O O O o nil abs
Seal Rocks (Lighthouse) 5 20 0 0O 0 0 0 O O O 3 20 0 0O 0 0 O
Seal Rocks (Treachery) 5 20 0 0O 0 0 0O O O o 3 20 0 0O 0 0 O
Yagan 3 20 0 0O 0 0O O
TOTAL 80 0 0O 0 0 0 0O O O 81 0 0O 0 0 O
Port Stephens/ Shag Rock (Broughton Is) 5 20 0O 0 0 O 0 nil abs
Broughton Is Elizabeth Bay (BroughtonIs) 5 20 0 0O 0 0 0 0 0 o 2 20 4 3 1 0 O
Tomaree 2 20 0 0O 0 0 O
South Fingal Is 2 21 5 o o 1 1 1 0 2 2 20 1 1 0 0 O
Boulder Bay 5 20 0 0O 0 0 0 O O O 2 20 0 0O 0 0 O
Boat Harbour 2 20 1 1 0 0 O
Fisherman's Bay 5 20 1 0O 0 1 0 O 0O O nil abs
TOTAL 101 6 0O 0 2 1 1 0 2 100 6 5 1 0 O
Central Coast/ Forresters 5 20 1 0O 0 1 0 0 0 O 1 22 1 o 0 1 o0
Sydney Terrigal (Skillion) 5 20 0 0O 0 0 0 0O O O 1 21 0 0O 0 0 O
Newport 5 20 3 0O 0 2 1 0 0 O 2 20 2 0O 0 2 o0
Sand Shoes 4 20 0 0O 0 0 0 O O O 1 21 0 0O 0 0 O
Curracarang 4 20 0 0O 0 0 0 O O O 1 19 0 0O 0 0O O
TOTAL 100 4 0O 0 3 1 0 0 O 103 8 0O 0 3 o0
Kiama Bass Point 4 20 0 0O 0 0 0 O O O 1 20 0 0O 0 0 O
The Farm 1 20 0 0O 0 0 O
Little Blowhole 4 20 1 0O 0 1 0 0O 0 O 1 20 0 0O 0 0 O
Obelisk 4 20 0 0O 0 0 0 O O O 1 20 1 0O 0 1 o
Gerroa 4 19 1 0O 0 1 0 0O 0 O 1 20 1 1 0 0 O
TOTAL 79 2 0O 0 2 0 0O 0 O 100 2 1 0 1 O
North Jervis Bay Nth Beecroft 2 21 1 0O 0 1 O
Beecroft Head 5 20 4 o o 1 1 1 1 O 2 20 7 2 3 2 0
Targets 5 20 0 0O 0 0 0O O O O 2 20 3 2 0 0 1
Drum & Drum Sticks 5 20 0 0O 0 0 0O O O O 2 20 0 0O 0 0 O
North Croc Head (Eyes) 5 20 9 0o 1 3 1 3 1 o0 nil abs
Croc Head 5 20 0 0O 0 0 0 0 O O 2 21 0 0O 0 0O O
TOTAL 100 13 0 1 4 2 4 2 0 102 11 4 3 3 1
South Jervis Bay Sth Bowen Is 4 20 2 0O 0 2 0 O O O 2 20 0 0O 0 0 O
Nth Stoney Creek 4 20 5 0O 1 1 2 0 1 o0 2 20 0 0O 0 0 O
Stoney Creek 4 20 9 0O 0 6 0 0 2 1 2 20 1 0O 1 0 O
Steamers 5 20 3 0O 0 1 2 0 0 O 2 20 0 0O 0 0 O
St Georges Head 4 20 0 0O 0 0 0O O O o 2 20 11 2 5 4 0
St Georges Sth 4 20 1 0O 1 0 O
TOTAL 100 19 0O 1 10 4 0 3 1 120 13 2 7 4 0
Ulladulla Sussex Inlet 4 20 0 0O 0 0 0 O O O 1 20 0 0O 0 0 O
Bendalong 4 20 0 0O 0 0 0 O O O 1 20 0 0O 0 o0 O
Green Island 4 20 0 0O 0 0 0 O O O 1 20 0 0O 0 0 O
Bannister Head 4 20 0 0O 0 0 0O O O O 1 20 0 0O 0 0 O
Ulladulla (Lighthouse) 4 20 0 0O 0 0 0 0O O O 1 20 0 0O 0 0 O
TOTAL 100 0 0O 0 0 0 O O O 100 0 0O 0 0 O
Nth Bateman's Bay  Nuggan Point 4 20 0 0O 0 0 0 O O O 3 20 0 0O 0 o0 O
Brush Island 4 20 0 0O 0 0 0O O O O 3 20 0 0O 0 0 O
Kioloa 4 20 0 0O 0 0 O O O O 3 20 0 0O 0 0 O
Snapper 4 20 0 0O 0 0 0 O O O 3 20 0 0O 0 0 O
Pretty 4 20 0 0O 0 0 0 0 O O 3 20 0 0O 0 0 O
TOTAL 100 0 0O 0 0O 0O 0O o o 100 0 0O 0 0 O
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12.7. Appendix 7 — Standard operating procedures: decontaination for commercial
abalone divers.
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Standard operating procedures: decontamination
for commercial abalone divers

Aquatic Biosecurity and Risk Management

This Primefact presents some key hygiene
protocols for abalone divers to help protect abalone
stocks in NSW from disease. These standard
operating procedures have been designed to
minimise the disease translocation risk posed by
abalone fishing.

Abalone viral ganglioneuritis

Abalone viral ganglioneuritis (AVG) is a herpes-like
disease that was first detected in Australia in 2005
in southern Victoria, initially in farmed abalone and
subsequently in wild stocks in 2006. The disease
has resulted in extensive mortalities of greenlip and
blacklip abalone in affected areas. Various Figure 2. Diseased abalone displaying a symptom
management actions, including a fishing closure, of AVG — curling of the foot (Photo: DPI Victoria)
have been unsuccessful in containing the disease,
which currently spans almost 200 km of Victorian
coastline.

There are no public health or food safety
implications associated with this disease and it has
not been reported in any other Australian states.

Although similar to a virus found in farmed abalone

overseas, AVG is not thought to be an introduced Symptoms

disease. Rather, it is considered to have been AVG affects the nervous system of abalone and
latent in native abalone populations, with disease symptoms include swollen mouthparts, curling of
expression triggered by accumulated stressors. the foot resulting in exposure of shiny edges of the

shell, difficulty adhering to surfaces, and lethargy,

Figure 1. Healthy abalone (Photo: Mike Heasman)
often causing death.

r

How is the virus spread?

Possible ways AVG is spread include direct contact
between infected and healthy abalone, viral
particles shed into the water column, and contact
with infectious material (such as mucus) or
contaminated equipment that has been used on
diseased and then healthy abalone.

Detecting AVG

At present there are no diagnostic methods to
detect this disease in asymptomatic abalone.
However, Victoria DP| researchers, in conjunction
with the Australian Animal Health Labecratory
(AAHL), are working to develop a genetic-based
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diagnostic tool to detect this disease in abalone
which may not be exhibiting obvious signs of
disease or sickness.

Although there is no indication of this disease in
NSW, NSW DPl is currently collecting and archiving
abalone samples which, once a specific diagnostic
tool is developed, will be used to investigate any
presence of the disease agent in NSW.

Perkinsus

Perkinsosis is a disease that was first detected

in NSW abalone stocks in 1992. It is an infection

of molluscs caused by the genus of parasite
Perkinsus, with Perkinsus olseni being the
particular species that infects abalone. The disease
has different symptoms from AVG. It causes
abscesses, particularly in stressed abalone, which
can result in mortality.

Perkinsus mortalities have contributed to stock
decline, resulting in (ongoing) fishing closures. The
impact of Perkinsus in NSW demonstrates the
importance of safeguarding remaining abalone
stocks from further disease incursions.

Hygiene protocols — standard operating
procedures

To protect NSW abalone stocks from disease risks
and the potential spread of diseases such as AVG
and Perkinsus, NSW DPI wants to work with
industry to develop standard operating procedures
(SOPs) based on biosecurity best practice
guidelines. The risk of aquatic disease outbreaks
can be greatly reduced by applying appropriate
biosecurity protocols through thorough hygiene
practices. This SOP is designed to minimise the
risk posed by activities associated with abalone
fishing. Other SOPs are currently being developed
to address risks associated with other sectors that
deal with abalone, including abalone processors.

Decontamination

+ Decontamination is impertant in preventing the
transfer of disease.

¢ Decontamination procedures should be carried
out when moving to a different fishing zone. To
make decontamination mare practical, divers
should limit the spatial extent of their diving
within each day.

+ Decontamination procedures should be carried
out when diving has ceased for the day. In
particular, decontamination is recommended
when diving in a different area from the previous
day, e.g. diving in a northern area and then
travelling south of the original diving location the
next day.

+ All equipment and persons that come into
contact with abalone should be decontaminated.

+ Effective decontamination generally requires a
two step process, and involves a detergent wash
followed by treatment with a disinfectant.

+ Detergents remove gross organic matter, which
impede the ability of disinfectants to inactivate
pathogens. Disinfectants are then able to
effectively inactivate or kill the pathogens.

» While diving, attention should be given to
ensuring equipment, divers and decks are clean
and routinely rinsed and kept free of any residue
and organic matter such as seaweed, shell,
sand etc. to promote effective decontamination.

+ Although little is known specifically about AVG,
similar viruses are inactivated by immersion in
soapy water alone. However, as a precaution,
and as part of best practice biosecurity
decontamination measures, equipment should
also be treated with a disinfectant.

Harvesting equipment decontamination

» All equipment that has come in contact with
abalone, such as baskets, abalone irons, gloves,
measures and catch bags, should be scrubbed
clean and soaked in soapy water (which acts
mainly as a detergent) for 30 minutes, then
rinsed with fresh water.

+ All such equipment should then be soaked in a
200 ppm effective chlorine sclution prepared

Appendix - Preparation of a 200 ppm
effective chlorine solution

Chlerine solution should be made up fresh for
disinfection and not stored for any longer than 24
hours. Chlerine solution needs to be kept out of
light and kept cool in order to minimise breakdown
of chlorine.

To prepare a chlorine solution from granular pocl
chlorine:

1. Use only registered products containing
650 g/kg available chlorine present as calcium
hypochlorite as the only active constituent as
outlined in permit PER10371.

2. Dissolve 31 grams granular pool chlorine in
100 litres of water to produce a 200 ppm effective
chlorine solution.

Note: adhere to all other instructions as indicated
in permit PER10371 (valid until 27 Sept 2008).

Refer to the chemical product's Material Safety
Data Sheets for instructions regarding the safe use
of this chemical. This information should be
available from the distributor when you purchase
the product or by contacting the manufacturer.
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from calcium hypochlorite e.g. pool chlorine (see

Appendix) for an additional period of not less
than 20 minutes, and then rinsed with fresh water.

s Throughout the diving operation, divers,
equipment and decks should be rinsed to
remove any organic material.

» Diving equipment that has not had direct contact

with abalone, such as masks, buoyancy vests
and regulators, can be washed with fresh water.

+ After decontamination procedures are
completed, allow equipment to dry in the sun
before next use.

Vessel decontamination

* Throughout diving activity, decks and boating
equipment should be regularly washed down
(with fresh water if possible) and scrubbed, to
remove all organic material such as sand, shell
and seaweed.

s On returning to port, a thorough vessel cleaning
should be undertaken. Cleaning should start
from the highest point and work down to ensure
all areas are cleaned. The deck and all parts of
the boat that have had contact with abalone or
abalone equipment should be thoroughly rinsed
with fresh water, washed with disinfectant and
rinsed again with fresh water.

* Once vessels are removed from the water the
hull should be cleaned to remove any fouling
organisms and organic material and should be
hosed down with fresh water. Bungs should be
removed for drainage and bilge areas rinsed
with fresh water.

» Detergents specifically designed for cleaning
boats should be used.

(Photo: John Matthews)

Decontamination of people and clothing

+ Wherever possible, divers should rinse with
fresh water between dives.

+ Divers and any person who has handled
abalone should wash their hands with soapy
water.

s After diving, wetsuits should be washed both
inside and out with a neoprene wash or with
liquid soap or shampoo.

s Waterproof clothing should be rinsed with soapy
water, rinsed with fresh water and dried in the
sun.

* Gumboots and any footwear worn on the boat
should be washed with soapy water, rinsed with
fresh water and dried in the sun.

s Clothes should be washed with laundry
detergent.

Decontamination of transport containers

* Containers which hold abalone should be
thoroughly cleaned and disinfected after use.

+ Remove any residue and organic material from
containers.

* Soak containers with detergent, soak or wipe
insides with disinfectant (a two minute contact
time is recommended) and thoroughly rinse
containers with fresh water. A thorough rinsing is
necessary to ensure no harmful chemicals
remain which can affect the next catch of
abalone.

Decontamination procedures should be carried out
away from the water’'s edge to prevent detergents
and disinfectants from entering the marine
environment.

Care should be taken to ensure that waste water
from bilges is not discharged into the waterway.

Disposal of abalone shell, meat and gut
¢ Abalone should not be shucked at sea.

+ Shell, meat and gut should not be discarded into
marine waters and should instead be disposed
with rubbish.

Reporting disease

1. f you observe any abnormality in abalone
which may be indicative of disease, collect a
sample and stop fishing.

2. Place the sample in a sealed plastic bag and
add oxygen to the bag if possible. Keep the bag
on ice and record the zone, specific location,
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GPS coordinates, depth and symptoms the
abalone is exhibiting.

3. Contact the NSW DPI Aquatic Biosecurity and
Risk Management Unit on (02) 4982 1232 to
provide details and to make arrangements for
NSW DPI to collect the sample.

Help to protect abalone in NSW

» Decontaminate equipment and vessels during
and after abalone diving.

¢ Plan your work to avoid or limit diving in different
zones.

+ Do not discard abalone or any part of abalone at
sea.

¢ Divers are encouraged to not hang abalone
outside the subzone in which they were
collected, as this practice increases the risk of
disease transmission from one location to
another.

s Report anything you may notice in abalone that
is unusual and could be an indication of disease
to the NSW DPI Aguatic Biosecurity and Risk
Management Unit on (02) 4982 1232.

© State of New South Wales through NSW Department of
Primary Industries 2007. You may copy, distribute and
otherwise freely deal with this publication for any purpose,
provided that you attribute NSW Department of Primary
Industries as the owner.
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www.dpi.nsw.gov au/primefacts

Always read the label

Users of agricultural (or veterinary) chemical products must
always read the label and any Permit, before using the
product, and strictly comply with the directions on the label
and the conditions of any Permit. Users are not absolved
from compliance with the directions on the label or the
conditions of the Permit by reason of any statement made or
not made in this publication.

Disclaimer. The information contained in this publication is
based on knowledge and understanding at the time of writing
(December 2007). However, because of advances in
knowledge, users are reminded of the need to ensure that
information upon which they rely is up to date and to check
currency of the information with the appropriate officer of
New South Wales Department of Primary Industries or the
user’s independent adviser

Job number 8301

PRIMEFACT 714, STANDARD OPERATING PROCEDURES: DECONTAMINATION FOR COMMERCIAL ABALONE DIVERS 4

Perkinsus-related mortality of blacklip abaloneggins G.W. & Upston J.

Project No. 2004/084



178 Other titles in the series

Other titles in this series:

ISSN 1440-3544 (NSW Fisheries Final Report Serjes

No. 1 Andrew, N.L., Graham, K.J., Hodgson, K.E. &@afrdon, G.N.G., 1998. Changes after 20 years ativel
abundance and size composition of commercial fislaeght during fishery independent surveys on SEF
trawl grounds.

No. 2 Virgona, J.L., Deguara, K.L., Sullings, DHalliday, I. and Kelly, K., 1998. Assessment of stocks of sea
mullet in New South Wales and Queensland waters.

No. 3 Stewart, J., Ferrell, D.J. and Andrew, N1998. Ageing Yellowtail Trachurus novaezelandipand Blue
Mackerel Scomber australasiciin New South Wales.

No. 4 Pethebridge, R., Lugg, A. and Harris, J., 19¥8structions to fish passage in New South WategtSCoast
streams. 70pp.

No. 5 Kennelly, S.J. and Broadhurst, M.K., 1998. &epment of by-catch reducing prawn-trawls andifigh
practices in NSW's prawn-trawl fisheries (and ipowating an assessment of the effect of increasiagh
size in fish trawl gear). 18pp + appendices.

No. 6 Allan, G.L. and Rowland, S.J., 1998. Fish nreplacement in aquaculture feeds for silver pe2&vpp +
appendices.

No. 7 Allan, G.L., 1998. Fish meal replacement iquaculture feeds: subprogram administration. 54pp +
appendices.

No. 8 Heasman, M.P., O'Connor, W.A. and O'Connor, $2B8. Enhancement and farming of scallops in NSW
using hatchery produced seedstock. 146pp.

No. 9 Nell, J.A., McMahon, G.A. and Hand, R.E., 1998traploidy induction in Sydney rock oysters. @5p

No. 10 Nell, J.A. and Maguire, G.B., 1998. Commersaion of triploid Sydney rock and Pacific oystePart 1:
Sydney rock oysters. 122pp.

No. 11 Watford, F.A. and Williams, R.J., 1998. Intey of estuarine vegetation in Botany Bay, with salec
reference to changes in the distribution of seag&kpp.

No. 12 Andrew, N.L., Worthington D.G., Brett, P.AcaBentley N., 1998. Interactions between the atzafishery
and sea urchins in New South Wales.

No. 13 Jackson, K.L. and Ogburn, D.M., 1999. Rev@wdepuration and its role in shellfish quality @ssce.
77pp.

No. 14 Fielder, D.S., Bardsley, W.J. and Allan, G1999. Enhancement of Mullowagrgyrosomus japonicysn
intermittently opening lagoons. 50pp + appendices.

No. 15 Otway, N.M. and Macbeth, W.G., 1999. Thegitsl effects of hauling on seagrass beds. 86pp.

No. 16 Gibbs, P., McVea, T. and Louden, B., 1994iddtion of restored wetlands by fish and invertbs. 142pp.

No. 17 Ogburn, D. and Ruello, N., 1999. Waterpradfelling and identification systems suitable foelftsh and
other seafood and aquaculture products. Whoserdgsteat? 50pp.

No. 18 Gray, C.A,, Pease, B.C., Stringfellow, S.L.inRs, L.P. and Walford, T.R., 2000. Sampling esheafish
species for stock assessment. Includes appendidesibFerrell, B.C. Pease, T.R. Walford, G.N.G. Gardo
C.A. Gray and G.W. Liggins. 194pp.

No. 19 Otway, N.M. and Parker, P.C., 2000. The ljglcecology, distribution, abundance and identifara of
marine protected areas for the conservation ofitereed Grey Nurse Sharks in south east Australaara:
101pp.

No. 20 Allan, G.L. and Rowland, S.J., 2000. Consusesisory evaluation of silver perch cultured in mood meat
meal based diets. 21pp + appendices.

No. 21 Kennelly, S.J. and Scandol, J. P., 2000. tRelabundances of spanner crabs and the develdpofien
population model for managing the NSW spanner fishiery. 43pp + appendices.

No. 22 Williams, R.J., Watford, F.A. and Balashov, 000. Kooragang Wetland Rehabilitation Projecsktbtiy of
changes to estuarine wetlands of the lower HuntegrR82pp.

No. 23 Survey Development Working Group, 2000. Dewaent of the National Recreational and Indigenous
Fishing Survey. Final Report to Fisheries Researah Bavelopment Corporation. (Volume 1 — 36pp +
Volume 2 — attachments).

No.24 Rowling, K.R and Raines, L.P., 2000. Descriptibthe biology and an assessment of the fishergiloktr
Trevally Pseudocaranx dentetf New South Wales. 69pp.

No. 25 Allan, G.L., Jantrarotai, W., Rowland, S.,skiturak, P. and Booth, M., 2000. Replacing fishmeal i
aquaculture diets. 13pp.

Project No. 2004/084 Perkinsus-related mortalityotafcklip abalone, Liggins G.W. & Upston J.



Other titles in the series 179

No.

No.

No.

No.

No.

No.

No.
No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.
No.
No.

No.

No.

26

27

28

29

30

31

32
33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50
51
52

53

54

Gehrke, P.C., Gilligan, D.M. and Barwick, MQ01. Fish communities and migration in the Shoaha
River — Before construction of a fishway. 126pp.

Rowling, K.R. and Makin, D.L., 2001. Monitagitf the fishery for GemfisRexea solandyi1996 to 2000.
44pp.

Otway, N.M., 1999. Identification of candieaites for declaration of aquatic reserves ferabnservation of
rocky intertidal communities in the Hawkesbury $laeld Batemans Shelf Bioregions. 88pp.

Heasman, M.P., Goard, L., Diemar, J. andir2ed| R., 2000. Improved Early Survival of Mollus&ydney
Rock Oyster $accostrea glomeratab3pp.

Allan, G.L., Dignam, A and Fielder, S., 20(eveloping Commercial Inland Saline Aquaculture in
Australia: Part 1. R&D Plan.

Allan, G.L., Banens, B. and Fielder, S., 200kveloping Commercial Inland Saline Aquaculture in
Australia: Part 2. Resource Inventory and Assessri38pp.

Bruce, A., Growns, |. and Gehrke, P., 200br&fora River Macquarie Perch Survey. 116pp.

Morris, S.A., Pollard, D.A., Gehrke, P.C. @wagonoski, J.J., 2001. Threatened and Potenfialigatened
Freshwater Fishes of Coastal New South Wales anbltineay-Darling Basin. 177pp.

Heasman, M.P., Sushames, T.M., Diemar, D Connor, W.A. and Foulkes, L.A., 2001. Productioh
Micro-algal Concentrates for Aquaculture Part 2: &epment and Evaluation of Harvesting, Preservation
Storage and Feeding Technology. 150pp + appendices.

Stewart, J. and Ferrell, D.J., 2001. Mescsigity in the NSW demersal trap fishery. 86pp.

Stewart, J., Ferrell, D.J., van der Walt, Bhnson, D. and Lowry, M., 2001. Assessment dftleand age
composition of commercial kingfish landings. 49pp.

Gray, C.A. and Kennelly, S.J., 2001. Develeptrof discard-reducing gears and practices ineitearine
prawn and fish haul fisheries of NSW. 151pp.

Murphy, J.J., Lowry, M.B., Henry, G.W. and @hwn, D., 2002. The Gamefish Tournament Monitoring
Program — 1993 to 2000. 93pp.

Kennelly, S.J. and McVea, T.A. (Ed), 2002ieStific reports on the recovery of the Richmond afecleay
Rivers following fish kills in February and March@nD 325pp.

Pollard, D.A. and Pethebridge, R.L., 2002.d®epn Port of Botany Bay Introduced Marine Pest &sec
Survey. 69pp.

Pollard, D.A. and Pethebridge, R.L., 2002.d®epn Port Kembla Introduced Marine Pest Speciavey.
72pp.

O’Connor, W.A, Lawler, N.F. and Heasman, MZ03. Trial farming the akoya pearl oystBinctada
imbricata, in Port Stephens, NSW. 170pp.

Fielder, D.S. and Allan, G.L., 2003. Impmyifingerling production and evaluating inland saliwater
culture of snappeRagrus auratus62pp.

Astles, K.L., Winstanley, R.K., Harris, J&hd Gehrke, P.C., 2003. Experimental study of tfexef of cold
water pollution on native fish. 55pp.

Gilligan, D.M., Harris, J.H. and Mallen-Coop#1., 2003. Monitoring changes in the Crawford Rifish
community following replacement of an effectivehfigay with a vertical-slot fishway design: Resultsaof
eight year monitoring program. 80pp.

Pollard, D.A. and Rankin, B.K., 2003. PorEadten Introduced Marine Pest Species Survey. 67pp.

Otway, N.M., Burke, A.L., Morrison, NS. and@rRer, P.C., 2003. Monitoring and identification dNEW
Critical Habitat Sites for conservation of Grey Nai&harks. 62pp.

Henry, G.W. and Lyle, J.M. (Ed), 2003. Thatidnal Recreational and Indigenous Fishing Surt88. pp.

Nell, J.A., 2003. Selective breeding foredise resistance and fast growth in Sydney roclesyst4pp. (Also
available — a CD-Rom published in March 2004 contgjra collection of selected manuscripts published
over the last decade in peer-reviewed journals).

Gilligan, D. and Schiller, S., 2003. Dowestm transport of larval and juvenile fish. 66pp.
Liggins, G.W., Scandol, J.P. and Kennelly, ,2003. Recruitment of Population Dynamacistp44p

Steffe, A.S. and Chapman, J.P., 2003. A suofedaytime recreational fishing during the annpatiod,
March 1999 to February 2000, in Lake Macquarie, smwth Wales. 124pp.

Barker, D. and Otway, N., 2003. Environmemtsdessment of zinc coated wire mesh sea cagestanyBo
Bay NSW. 36pp.

Growns, |., Astles, A. and Gehrke, P., 2088atial and temporal variation in composition igerine fish
communities. 24pp.

Perkinsus-related mortality of blacklip abaloneggins G.W. & Upston J. Project No. 2004/084



180 Other titles in the series

No. 55 Gray, C. A,, Johnson, D.D., Young, D.J. andaBhurst, M. K., 2003. Bycatch assessment of theaEise
Commercial Gill Net Fishery in NSW. 58pp.

No. 56 Worthington, D.G. and Blount, C., 2003. Rededocdevelop and manage the sea urchin fisheri@sSo¥
and eastern Victoria. 182pp.

No. 57 Baumgartner, L.J., 2003. Fish passage thraugéelder lock on the Murrumbidgee River, Austreidpp.

No. 58 Allan, G.L., Booth, M.A,, David A.J. Stone,AJ. and Anderson, A.J., 2004. Aquaculture Diet&epment
Subprogram: Ingredient Evaluation. 171pp.

No. 59 Smith, D.M., Allan, G.L. and Booth, M.A., 200Aquaculture Diet Development Subprogram: Nutrien
Requirements of Aquaculture Species. 220pp.

No. 60 Barlow, C.G., Allan, G.L., Williams, K.C., Rowld, S.J. and Smith, D.M., 2004. Aquaculture Diet
Development Subprogram: Diet Validation and Feedtrgtegies. 197pp.

No. 61 Heasman, M.H., 2004. Sydney Rock Oyster HamjckVorkshop 8 — 9 August 2002, Port Stephens, NSW.
115pp.

No. 62 Heasman, M., Chick, R., Savva, N., Worthingtén, Brand, C., Gibson, P. and Diemar, J., 2004.
Enhancement of populations of abalone in NSW ukatghery-produced seed. 269pp.

No. 63 Otway, N.M. and Burke, A.L., 2004. Mark-rettap population estimate and movements of Grey &lurs
Sharks. 53pp.

No. 64 Creese, R.G., Davis, A.R. and Glasby, T.M.42@adicating and preventing the spread of thasive alga
Caulerpa taxifoliain NSW. 110pp.

No. 65 Baumgartner, L.J., 2004. The effects of BalldriWeir on spatial and temporal distributions ofvér
Murrumbidgee River fish assemblages. 30pp.

No. 66 Heasman, M., Diggles, B.K., Hurwood, D., MathP., Pirozzi, I. and Dworjanyn, S., 2004. Paing way
for continued rapid development of the flat (anpasister Ostrea angadifarming in New South Wales.
40pp.

ISSN 1449-9967 (NSW Department of Primary Industes — Fisheries Final Report Series)

No. 67 Kroon, F.J., Bruce, A.M., Housefield, G.PdaBreese, R.G., 2004. Coastal floodplain management in
eastern Australia: barriers to fish and invertebratruitment in acid sulphate soil catchmentspp12

No. 68 Walsh, S., Copeland, C. and Westlake, M., 20@&or fish kills in the northern rivers of NSW 2001:
Causes, Impacts & Responses. 55pp.

No. 69 Pease, B.C. (Ed), 2004. Description of théoband an assessment of the fishery for adulifioned eels
in NSW. 168pp.

No. 70 West, G., Williams, R.J. and Laird, R., 20D#tribution of estuarine vegetation in the ParrdenRiver and
Sydney Harbour, 2000. 37pp.

No. 71 Broadhurst, M.K., Macbeth, W.G. and WoodenENM., 2005. Reducing the discarding of small prawns
NSW's commercial and recreational prawn fishe@282pp.

No. 72. Graham, K.J., Lowry, M.B. and Walford, T.R005. Carp in NSW: Assessment of distribution, figtend
fishing methods. 88pp.

No. 73 Stewart, J., Hughes, J.M., Gray, C.A. andsWaC., 2005. Life history, reproductive biologybhat use and
fishery status of eastern sea garfistyqorhamphus australisand river garfishH. regularis ardelig in
NSW waters. 180pp.

No. 74 Growns, I. and Gehrke, P., 2005. Integrateditoring of Environmental Flows: Assessment oédlictive
modelling for river flows and fish. 33pp.

No. 75 Gilligan, D., 2005. Fish communities of tierrumbidgee catchment: Status and trends. 138pp.

No. 76 Ferrell, D.J., 2005. Biological informaticor fappropriate management of endemic fish spetiesrd Howe
Island. 18 pp.

No. 77 Gilligan, D., Gehrke, P. and Schiller, C.020Testing methods and ecological consequencksg#-scale
removal of common carp. 46pp.

No. 78 Boys, C.A., Esslemont, G. and Thoms, M.C., 260&h habitat and protection in the Barwon-Darlargl
Paroo Rivers. 118pp.

No. 79 Steffe, A.S., Murphy, J.J., Chapman, D.J. @naly, C.C., 2005. An assessment of changes in tenda
recreational fishery of Lake Macquarie followingtestablishment of a ‘Recreational Fishing Have®3pb.

No. 80 Gannassin, C. and Gibbs, P., 2005. Broad-3$cteactions Between Fishing and Mammals, Reptiles a
Birds in NSW Marine Waters. 171pp.

Project No. 2004/084 Perkinsus-related mortalityotafcklip abalone, Liggins G.W. & Upston J.



Other titles in the series 181

No. 81 Steffe, A.S., Murphy, J.J., Chapman, D.J.r&arG.P. and Gray, C.A., 2005. An assessment afigbs in
the daytime, boat-based, recreational fishery ef Thross Lake estuary following the establishmena o
'Recreational Fishing Haven'. 70pp.

No. 82 Silberschnieder, V. and Gray, C.A., 2005.eA4ting the decline of the commercial and recreatifisheries
for mulloway @Argyrosomus japonic)s71pp.

No. 83 Gilligan, D., 2005. Fish communities of ttmver Murray-Darling catchment: Status and treridSpp.

No. 84 Baumgartner, L.J., Reynoldson, N., Cameronarid Stanger, J., 2006. Assessment of a Dual-freguen
Identification Sonar (DIDSON) for application irsfi migration studies. 33pp.

No. 85 Park, T., 2006. FishCare Volunteer ProgramgliAg Survey: Summary of data collected and
recommendations. 41pp.

No. 86 Baumgartner, T., 2006. A preliminary assessmé fish passage through a Denil fishway on thisvérd
River, Australia. 23pp.

No. 87 Stewart, J., 2007. Observer study in thed&gtGeneral sea garfish haul net fishery in NSBpR2

No. 88 Faragher, R.A., Pogonoski, J.J., CamerorBaumgartner, L. and van der Walt, B., 2007. Assestofea
stocking program: Findings and recommendationshferSnowy Lakes Trout Strategy. 46pp.

No. 89 Gilligan, D., Rolls, R., Merrick, J., Linterms M., Duncan, P. and Kohen, J., 2007. Scopingvledge
requirements for Murray crayfisiE(astacus armatisFinal report to the Murray Darling Basin Commissio
for Project No. 05/1066 NSW 103pp.

No. 90 Kelleway, J., Williams. R.J. and Allen, C.BO0Z. An assessment of the saltmarsh of the ParnaRater
and Sydney Harbour. 100pp.

No. 91 Williams, R.J. and Thiebaud, 1., 2007. Anlgsia of changes to aquatic habitats and adjaeent-Use in the
downstream portion of the Hawkesbury Nepean River the past sixty years. 97pp.

No. 92 Baumgartner, L., Reynoldson, N., Cameron, O. @tanger, J. The effects of selected irrigaticaciices on
fish of the Murray-Darling Basin. 90pp.

No. 93 Rowland, S.J., Landos, M., Callinan, R.B., All@rL., Read, P., Mifsud, C., Nixon, M., Boyd, P. drally,
P., 2007. Development of a health management gyréde the Silver Perch Aquaculture Industry. 219pp

No. 94 Park, T., 2007. NSW Gamefish Tournament Mwoitig — Angling Research Monitoring Program. Final
report to the NSW Recreational Fishing Trust. 142pp.

No. 95 Heasman, M.P., Liu, W., Goodsell, P.J., Hhow/D.A. and Allan, G.L., 2007. Development andw=l of
technology for production, enhancement and aquasubf blacklip abaloneHaliotis rubra) in New South
Wales. 226pp.

No. 96 Ganassin, C. and Gibbs, P.J., 2007. A rewiéweagrass planting as a means of habitat comi@msa
following loss of seagrass meadow. 41pp.

No. 97 Stewart, J. and Hughes, J., 2008. Deterginppropriate harvest size at harvest for spetiased by the
commercial trap and recreational fisheries in NewtB Wales. 282pp.

No. 98 West, G. and Williams, R.J., 2008. A preliamn assessment of the historical, current and dutawver of
seagrass in the estuary of the Parramatta Rivep.61p

No. 99 Williams, D.L. and Scandol, J.P., 2008. Reva NSW recreational fishing tournament-based ruoitig
methods and datasets. 83pp.

No. 100 Allan, G.L., Heasman, H. and Bennison, 808 Development of industrial-scale inland satiqeaculture:
Coordination and communication of R&D in Australid5pp.

No. 101  Gray, C.A and Barnes, L.M., 2008. Reproductiad growth of dusky flatheadPlatycephalus fusciisn
NSW estuaries. 26pp.

No. 102 Graham, K.J., 2008. The Sydney inshoreliwahviting fishery: codend selectivity and fisheryazacteristics.
153pp.

No. 103  Macbeth, W.G., Johnson, D.D. and Gray, C2R08. Assessment of a 35-mm square-mesh codend and
composite square-mesh panel configuration in tleaoeg@rawn-trawl fishery of northern New South Wales
104pp.

No. 104  O’Connor, W.A., Dove, M. and Finn, B., 208dney rock oysters: Overcoming constraints to cernral
scale hatchery and nursery production. 119pp.

No. 105 Glasby, T.M. and Lobb, K., 2008. Assessh@glikelihoods of marine pest introductions in Bgy estuaries:
A transport vector approach. 84pp.

No. 106  Rotherham, D., Gray, C.A., Underwood, A.Jaf?han, M.G. and Johnson, D.D., 2008. Developirtefis
independent surveys for the adaptive managemeédsui's estuarine fisheries. 135pp.

No. 107  Broadhurst, M., 2008. Maximising the surViefibycatch discarded from commercial estuarishifig gears
in NSW. 192pp.

Perkinsus-related mortality of blacklip abaloneggins G.W. & Upston J. Project No. 2004/084



182 Other titles in the series

No. 108 Gilligan, D., McLean, A. and Lugg, A., 2008lurray Wetlands and Water Recovery Initiatives: iRap
assessment of fisheries values of wetlands psedtfor water recovery. 69pp.

No. 109  Williams, R.J. and Thiebaud, 1., 2009. Opence of freshwater macrophytes in the catchmehtthe
Parramatta River, Lane Cove River and Middle Harboeek;r2007 — 2008. 75pp.

No. 110 Gilligan, D., Vey, A. and Asmus, M., 2008entifying drought refuges in the Wakool systend assessing

status of fish populations and water quality befdiging and after the provision of environmensédck and
domestic flows. 56pp.

ISSN 1837-2112 (Industry & Investment NSW — Fishéegs Final Report Series)

No.

No.

No.
No.

No.

No.

No.

No.

No.

No.

111

112

113
114

115

116

117

118

119

120

Gray, C.A.,, Scandol. J.P., Steffe, A.S. Bedell, D.J., 2009. Australian Society for Fish By Annual
Conference & Workshop 2008: Assessing Recreatioséidfies; Current and Future Challenges. 54pp.

Otway, N.M. Storrie, M.T., Louden, B.M. a@illigan, J.J., 2009. Documentation of depth-relatggratory
movements, localised movements at critical halitas and the effects of scuba diving for the eaast grey
nurse shark population. 90pp.

Creese, R.G., Glashy, T.M., West, G. andeBal., 2009. Mapping the habitats of NSW estua@®&pp.

Macbeth, W.G., Geraghty, P.T., Peddemorb].\dnd Gray, C.A., 2009. Observer-based study mfetad
commercial fishing for large shark species in wat#f northern New South Wales. 82pp.

Scandol, J.P., Ives, M.C. and Lockett, M.RDQ9. Development of national guidelines to imgrdhe
application of risk-based methods in the scope)émpntation and interpretation of stock assessnfents
data-poor species. 186pp.

Baumgartner, L., Bettanin, M., McPherson, Jhnes, M., Zampatti, B. and Kathleen Beyer., 2009.
Assessment of an infrared fish counter (Vaki Rivechar) to quantify fish migrations in the Murray-iag
Basin. 47pp.

Astles, K., West, G., and Creese, R.G., 288€@iarine habitat mapping and geomorphic chaiaaten of
the Lower Hawkesbury river and Pittwater estua229pp.

Gilligan, D., Jess, L., McLean, G., Asmis, Wooden, I., Hartwell, D., McGregor, C., Studrt,Vey, A,
Jefferies, M., Lewis, B. and Bell, K., 2010. Idenitify and implementing targeted carp control optifanghe
Lower Lachlan Catchment. 126pp.

Montgomery, S.S., Walsh, C.T., Keshy, C.L aoldnson, D.D., 2010. Studies on the growth andatikyrof
school prawns. 90pp.

Liggins, G.W. and Upston, J., 2010. Ingsgtng and managing tieerkinsusrelated mortality of blacklip
abalone in NSW. 182pp.

Project No. 2004/084 Perkinsus-related mortalityotafcklip abalone, Liggins G.W. & Upston J.



