
 

i 
 

Pathogens and probionts of ornate spiny lobster  

(Panulirus ornatus) phyllosoma 

 

 

 

Evan F. Goulden B. Sc (Adv) (Hons) 

 

 

 

A thesis submitted for the degree of Doctor of Philosophy of the  

University of New England 

 

December 2011 

 

 

 

 

 

 

 

 



 

ii 

 

Declaration 

 

 

I certify that the substance of this thesis has not already been submitted for any other degree 

and is not currently being submitted for any other degree or qualification. 

 

 

I certify that the help received in preparing this thesis and all sources used have been 

acknowledged in this thesis. 

 

 

 

 

Evan Goulden  

 

3
rd

 December, 2011 

 

 

 

 

 

 



 

iii 

 

Acknowledgements 

I am infinitely grateful to my supervisors, Drs Lily Pereg, Lone Høj, Mike Hall and David 

Bourne, for their friendship, guidance, and support throughout this research. Their combined 

wealth of knowledge of microorganisms and aquaculture systems is quite remarkable, and all 

are thanked for their excellent critique of the thesis. I give special acknowledgment to Dr. Høj 

for her invaluable time given and insightful contributions made to all aspects of the project.   

 

I am indebted to the research and administrative staff of the Australian Institute of Marine 

Science (AIMS) and UNE for providing me with the opportunity to study at one of the true 

frontiers in marine science research. The experience will remain one of the most rewarding in 

my lifetime and will not be forgotten.  

 

Financial support for the research was jointly funded by AIMS and UNE, and living while 

studying was made possible through an Australian Postgraduate Award, for which I am truly 

grateful.  

 

None of the lobster larval experiments would have been possible without the zootechnical 

wizardry of the staff at the AIMS Tropical Aquaculture Facility, to whom I give my utmost 

appreciation. Dr. Greg Smith, Dr. David Francis, Matt Kenway, Matt Salmon, Grant Milton, 

Justin Hochen and Katie Holroyd are all thanked for their friendship, astute perspectives on 

aquaculture systems, and time invested in the culture of lobster larvae. 

 

To my friends, presently and formerly of AIMS, and in particular, Dr. Ken Wasmund, Dr. 

Heidi Luter, Rochelle Soo, Rose Cobb, Sarah Castine, Jean-Baptiste Raina, Emmanuelle 

Botte, Ana Cano-Gómez, Florita Flores, and Rachel Simister, I give you a warm-hearted thank 

you for all your intellectual discussions and above else, providing a strong social circle that 

has made this quest even more enjoyable. 

 



 

iv 

 

Dr. Mark Stafford (Carl Zeiss, Australia) is thanked for his invaluable advice on microscopy 

techniques. Kathy Liptrot, Giana Gomes, Sue Connell (Faculty of Medicine, Monash 

University) and Ulrike Schneider (Heraeus Kulzer, GmbH) are thanked for their suggestions 

on histological techniques. Tim Simmonds and Jason Doyle are also acknowledged for their 

assistance with publication images and the Multilabel Counter, respectively. 

 

Dr. John Masson is thanked for his ongoing treatment of my illness and for ensuring I was in 

good health for the completion of the thesis. 

 

I am very fortunate to have such a loving family who provide endless support and 

encouragement. Dad, Mum, Natalie and Jensen have seen me through all trials and 

tribulations and never at one stage did they cast doubt over my pursuit to complete this 

research. 

 

And lastly, I would like to thank my beautiful Ashleigh. Her lovingness and everlasting 

support and belief in my capabilities has kept me focused on what I had set out to achieve. Her 

patience and personal sacrifices made over the last four years is testament to the strength of 

her character, and I admire her dearly for it. 

 

 

 

 

 

 

 

 

 



 

v 

 

 

For  

 

 

Keith Freeman (1955- 2010) 

 

You inspired me to become a scientist. With an unrivalled enthusiasm and passion for all 

things biotic and abiotic, your teachings will resonate within me for the rest of my journey. 

 

 

And  

 

 

Max Goulden (1994-2008) 

There are now two suns in the sunset. Thanks for everything pal. 

 

 

 

 

 

 

 

 

 

 



 

vi 

 

Abstract 

Wild capture production of economically important spiny lobster (Palinuridae) fisheries has 

stagnated or declined in recent decades, and with an array of global climatic, economic and 

demographic challenges limiting the opportunities to enhance production, alternative supplies 

need to be sourced through aquaculture. Among the prospective aquacultures species is the 

ornate spiny lobster (Panulirus ornatus), however sustainable farming will only be met 

through refining larviculture technologies and the development of disease management 

strategies to counter epizootics. This study investigated bacterial pathogens causing epizootics 

in P. ornatus larviculture and examined a potential biocontrol strategy using probiotics. 

 

The type strain of V. owensii (DY05) was validated by Koch’s postulates as the aetiological 

agent of disease causing rapid and reproducible mortalities of early stage P. ornatus 

phyllosoma larvae. The pathogenicity and infection cycle of V. owensii DY05 were 

investigated using in vivo experimental infection models and a V. owensii DY05 

transconjugant expressing a fluorescent protein (FP), which showed Artemia-vectored 

challenge to be a crucial determinant in the infection process. Soon after ingestion by 

phyllosomas (6 h), fluorescently labelled cells were monodispersed in the proventriculum 

(foregut) and hepatopancreas (midgut gland), which preceded mass proliferation in the 

hepatopancreas and evacuation of planktonic cells into the ambient environment. Continued 

bacterial proliferation lead to systemic infection and the sustained presence of cells in 

phyllosoma tissues post mortem. Clinical pathologies included hepatopancreatic epithelial cell 

necrosis, and in vitro enzyme assays identified proteases, phospholipases, and haemolysins as 

potential virulence factors. The observations indicated V. owensii DY05 is a specialist 

enteropathogen of P. ornatus phyllosomas, using vector-mediated transmission and release 

from host-associations to a planktonic existence to perpetuate transfer. 

 

Over 500 bacterial isolates from natural environments associated with wild P. ornatus 

phyllosomas and culture collections were screened in vitro for antagonistic activity towards V. 

owensii DY05. Taxonomic grouping and further in vitro screening using miniaturised 

coculture and biofilm assays enabled rapid processing and selection of a two-strain probiotic 
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combination (Vibrio sp. PP05 and Pseudoalteromonas sp. PP107) which additively and 

reproducibly protected P. ornatus phyllosomas from V. owensii DY05 infection. The 

probiont-pathogen-host interactions were investigated in situ using FP-expressing 

transconjugant strains which revealed that the V. owensii DY05 infection cycle was 

intercepted during vectored transmission. It was hypothesised that probiont niche 

specialisation contributed to the additive protective benefit on phyllosomas. These results 

indicate that the ingestion of the pathogen by phyllosomas could be averted through 

administration of Artemia preemptively treated with the probiotic strains in scaled-up hatchery 

experiments. This study provides the first step towards combating epizootic pathogens in P. 

ornatus larviculture using a biocontrol strategy consisting of antagonistic bacteria. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

viii 

 

Research Publications 

Chapters 1 and 6 (excerpts) 

Goulden, E.F., Høj, L., and Hall, M.R. (submitted). Microbial management for bacterial 

pathogen control in invertebrate hatcheries. In G. Allan and G. Burnell (Eds.), Advances in 

aquaculture hatchery technology. Woodhead Publishing, Cambridge, UK. 

 

Chapters 2 and 3 (combined) 

Goulden, E.F., Hall, M.R., Bourne, D.G., Pereg, L.L., and Høj, L. (2012). Pathogenicity and 

infection cycle of Vibrio owensii in larviculture of ornate spiny lobster (Panulirus ornatus). 

Appl. Environ. Microb. 78: 2841–2849. 

 

Chapter 4 

Goulden, E.F., Hall, M.R., Pereg, L.L., and Høj, L. (accepted). Identification of an 

antagonistic probiotic combination protecting ornate spiny lobster (Panulirus ornatus) larvae 

against Vibrio owensii infection. PLoS One. 

 

Chapter 5 

Goulden, E.F., Hall, M.R., Pereg, L.L., and Høj, L. (submitted). Niche specialisation 

contributes to additive probiotic protection against Vibrio owensii infection in ornate spiny 

lobster (Panulirus ornatus) phyllosoma. Submitted to Environ. Microb. Rep. 

 

Other relevant publications 

Cano-Gómez, A., Goulden E.F., Owens, L., and Høj, L. (2010). Vibrio owensii sp. nov., 

isolated from cultured crustaceans in Australia. FEMS. Microbiol. Lett. 302: 175-181. 

Hall, M. R., Kenway, M., Salmon, M., Francis, D., Goulden, E.F., and Høj, L. (unpublished) 

Palinurid Lobster Larval Rearing. In G. Allan and G. Burnell (Eds.), Advances in aquaculture 

hatchery technology. Cambridge, UK: Woodhead Publishing. 

 

Conferences 

Goulden, E.F., Hall, M.R., Bourne, D.G., Pereg-Gerk, L.L., and Høj, L. (2008). Development 

of probiotics for use in larval rearing systems of the ornate rock lobster (Panulirus ornatus) 

Oral presentation, Australasian Aquaculture Conference 2008, 3-6 August 2008, Brisbane, 

Australia. 



 

ix 

 

Goulden, E.F., Hall, M.R., Bourne, D.G., Wietz, M., Pereg-Gerk, L.L., and Høj, L. (2008). 

Development of probiotics for use in larval rearing systems of the ornate rock lobster 

Panulirus ornatus. Poster presentation, 12th International Symposium on Microbial Ecology 

ISME-12, 22-27 August 2010, Cairns, Australia.  

Høj, L., Bourne, D.G., Payne, M.S., Goulden, E.F., Wietz, M., Sly, L., Pereg, L., Blackall, L., 

and Hall, M.R. (2008). Microbial diversity and probiotic candidates associated with mid-stage 

Palinurid phyllosoma from Great Barrier Reef waters. Poster presentation, 2nd ASM 

Conference of Beneficial Microbes, 12-16 October, 2008, San Diego, USA. 

Goulden, E.F., Hall, M.R., Bourne, D.G., Payne, M.S., Wietz M, Pereg-Gerk, L., and Høj L. 

(2009). Potential use of probiotics in ornate spiny lobster (Panulirus ornatus) larviculture. 

Oral presentation, 4th FRDC Aquatic Animal Health Subprogram Scientific Conference, 22-

24 July 2009, Cairns, Australia.  

Høj, L., Goulden, E.F., Cano Gomez, A., Dorigny, A., Owens, L., Bourne, D.G., Pereg-Gerk, 

L, and Hall MR (2009). Vibrio sp. DY05, a new pathogen of larvae of the ornate spiny lobster 

(Panulirus ornatus). Poster presentation, Vibrio 2009, 4-6 September, 2009, Rio de Janeiro, 

Brazil. 

Hall, M., Smith, G., Goulden, E., and Høj, L. (2009). Diet and microbial interactions in 

Palinurid lobster larvae. Oral presentation, 5
th

 Fish & Shellfish Larviculture Symposium, 7-10 

September, 2009, Ghent, Belgium. 

 

Høj, L., Goulden, E.F., Cano Gomez, A., Dorigny, A., Owens, L., Bourne, D.G., Pereg-Gerk, 

L., and Hall, M.R. (2009). Vibrio sp. DY05, a new Vibrio pathogen of larvae of the ornate 

spiny lobster (Panulirus ornatus). Poster presentation, BacPath 10: Molecular Analysis of 

Bacterial Pathogens, 20-23 September 2009, Barossa Valley, Australia. 

Goulden, E.F., Cano-Gomez, A., Hall, M.R., Pereg, L., and Høj, L (2010). Pathogens and 

probionts of the ornate spiny lobster (Panulirus ornatus) phyllosoma. Oral presentation, 

Australasian Aquaculture Conference 2010, 23-26 May 2010, Hobart, Australia. 

Hall, M., Smith, G., Goulden, E. and Høj, L (2010). Microbial and diet interactions in 

Palinurid lobster larvae. Oral presentation, Australasian Aquaculture Conference 2010, 23-26 

May 2010, Hobart, Australia. 

Cano Gomez, A., Goulden, E.F., Owens, L., and Høj, L. (2010). Vibrio owensii sp. nov., 

isolated from cultured crustaceans in Australia. Oral presentation, Australian Society for 

Microbiology Annual Meeting 2010, 4-8 July 2010, Sydney, Australia. 

 



 

x 

 

Goulden, E.F., Cano-Gomez, A., Cobb, R.E., Soo, R.M., Hall, M.R., Pereg, L.L., and Høj, L. 

(2010). Pathogens and probionts of the ornate spiny lobster (Panulirus ornatus) phyllosoma. 

Oral presentation, 13th International Symposium on Microbial Ecology ISME-13, 22-27 

August 2010, Seattle, Washington, USA. 

Goulden, E.F., Cano-Gomez, A., Cobb, R.E., Soo, R.M., Hall, M.R., Pereg, L.L., and Høj, L. 

(2010). Pathogens and probionts of the ornate spiny lobster (Panulirus ornatus) phyllosoma. 

Oral presentation, 9th International Marine Biotechnology Conference, 8-12 October 2010, 

Qingdao, China. 

Høj, L., Cano Gomez, A., Goulden, E.F., Owens, L., Andreakis, N., Pereg, L., and Hall, M.R. 

(2011). Vibrio owensii - a pathogen for prawn and lobster larvae. Invited presentation, Marine 

Pathogens Symposium, Annual scientific meeting 2011, Australian Society for Microbiology, 

4-8 July 2011, Hobart, Australia. 

Goulden, E.F., Hall, M.R., Pereg, L.L., and Høj, L. (2011). Probiotic protection against 

Vibrio owensii and in situ visualisation of bacterial interactions associated with the 

phyllosoma of Panulirus ornatus. Oral presentation, 1st FRDC Australasian Scientific 

Conference on Aquatic Animal Health, 5-8 July, 2011, Cairns, Australia.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

xi 

 

Table of Contents 

Declaration ................................................................................................................................ ii 

Acknowledgements .................................................................................................................. iii 

Abstract .................................................................................................................................... vi 

Research Publications ........................................................................................................... viii 

Table of Contents ..................................................................................................................... xi 

List of Figures ..........................................................................................................................xv 

List of Tables ........................................................................................................................ xviii 

 

1 Introduction .................................................................................................................... 1 

1.1 Challenges for successful spiny lobster larviculture ........................................................ 1 

1.2 Importance of aquaculture ............................................................................................... 1 

1.3 Australian aquaculture ..................................................................................................... 4 

1.4 Spiny lobster aquaculture ................................................................................................. 5 

1.4.1 Larviculture of spiny lobsters ...................................................................................... 7 

1.4.2 Microbiology of P. ornatus larviculture .................................................................... 11 

1.5 Disease management ...................................................................................................... 15 

1.6 Probiotics as a biocontrol strategy ................................................................................. 17 

1.7 Probiotic modes of action .............................................................................................. 18 

1.7.1 Antagonism ................................................................................................................ 19 

1.7.2 Competition for attachment sites and nutrients ......................................................... 21 

1.7.3 Quorum-sensing disruption ........................................................................................ 22 

1.7.4 Predation .................................................................................................................... 24 

1.8 Research aims: Pathogen identification and probiotic biocontrol for P. ornatus 

larviculture ..................................................................................................................... 24 

2 Vibrio owensii DY05: a significant pathogen of cultured ornate spiny lobster 

(Panulirus ornatus) phyllosoma .................................................................................. 27 

2.1 Abstract .......................................................................................................................... 27 

2.2 Introduction .................................................................................................................... 27 

2.3 Materials and Methods ................................................................................................... 28 

2.3.1 Larviculture ................................................................................................................ 28 



 

xii 

 

2.3.2 Isolation of pathogen.................................................................................................. 29 

2.3.3 Bacterial culture and inoculum preparation ............................................................... 29 

2.3.4 Experimental infection by immersion ........................................................................ 30 

2.3.5 Experimental infection by vectored challenge ........................................................... 30 

2.3.6 Re-isolation of Vibrio ................................................................................................ 31 

2.3.7 Histopathological analysis ......................................................................................... 31 

2.3.8 Enzymatic activities ................................................................................................... 32 

2.3.9 Statistical analysis ...................................................................................................... 33 

2.4 Results ............................................................................................................................ 33 

2.4.1 Pathogenicity of V. owensii DY05 towards P. ornatus phyllosoma .......................... 33 

2.4.2 Confirmation of Koch’s postulates and identification of phyllosoma-associated 

vibrios ........................................................................................................................ 35 

2.4.3 Histology .................................................................................................................... 37 

2.4.4 Potential virulence factors.......................................................................................... 37 

2.5 Discussion ...................................................................................................................... 39 

2.6 Conclusions .................................................................................................................... 43 

2.7 Acknowledgments .......................................................................................................... 43 

3 Infection cycle and in situ visualisation of pathogenic Vibrio owensii in ornate 

spiny lobster (Panulirus ornatus) phyllosoma using a fluorescent protein 

expressing transconjugant ........................................................................................... 44 

3.1 Abstract .......................................................................................................................... 44 

3.2 Introduction .................................................................................................................... 44 

3.3 Materials and Methods ................................................................................................... 46 

3.3.1 Bacterial strains, culture conditions and preparation of inoculums ........................... 46 

3.3.2 Transconjugation........................................................................................................ 46 

3.3.3 Expression of GFP ..................................................................................................... 47 

3.3.4 Growth of transconjugants ......................................................................................... 47 

3.3.5 Confirmation of virulence and in situ visualisation of infection process .................. 48 

3.3.6 Statistical analysis ...................................................................................................... 48 

3.4 Results ............................................................................................................................ 48 

3.4.1 GFP expression, effect on growth and confirmation of virulence ............................. 48 

3.4.2 In situ visualisation of pathogen infection process .................................................... 50 



 

xiii 

 

3.5 Discussion ...................................................................................................................... 52 

3.6 Conclusions .................................................................................................................... 55 

3.7 Acknowledgements ........................................................................................................ 55 

4 Identification of an antagonistic probiotic combination protecting ornate spiny 

lobster (Panulirus ornatus) larvae against Vibrio owensii infection ........................ 56 

4.1 Abstract .......................................................................................................................... 56 

4.2 Introduction .................................................................................................................... 56 

4.3 Materials and Methods ................................................................................................... 58 

4.3.1 Replica plate assay ..................................................................................................... 58 

4.3.2 Well-diffusion agar assay (WDAA) .......................................................................... 59 

4.3.3 Phylogenetic identification ........................................................................................ 59 

4.3.4 Inoculum preparation ................................................................................................. 60 

4.3.5 Microgrowth coculture assay ..................................................................................... 60 

4.3.6 Monostrain biofilm production .................................................................................. 61 

4.3.7 Multistrain biofilm assay ........................................................................................... 62 

4.3.8 In vivo protection against V. owensii DY05
 
infection ................................................ 63 

4.3.9 Statistical analysis ...................................................................................................... 64 

4.4 Results ............................................................................................................................ 64 

4.4.1 Antagonistic bacteria ................................................................................................. 64 

4.4.2 Identification of antagonistic isolates and probiotic candidate shortlist .................... 67 

4.4.3 Coculture assay .......................................................................................................... 68 

4.4.4 Monostrain biofilm production .................................................................................. 68 

4.4.5 Multistrain biofilm ..................................................................................................... 70 

4.4.6 Pathogenicity testing and in vivo protective benefit .................................................. 72 

4.5 Discussion ...................................................................................................................... 74 

4.6 Conclusions .................................................................................................................... 79 

4.7 Acknowledgements ........................................................................................................ 80 

5 Niche specialisation contributes to additive probiotic protection against Vibrio 

owensii infection in ornate spiny lobster (Panulirus ornatus) phyllosoma .............. 81 

5.1 Abstract .......................................................................................................................... 81 

5.2 Introduction .................................................................................................................... 81 



 

xiv 

 

5.3 Materials and Methods ................................................................................................... 83 

5.3.1 Larviculture ................................................................................................................ 83 

5.3.2 Bacterial strains, transconjugations and inoculum preparation ................................. 83 

5.3.3 Confirmation of virulence and probiotic effectiveness in vivo .................................. 85 

5.3.4 Pathogen-probiont-host interactions in situ ............................................................... 86 

5.3.5 Statistical analysis ...................................................................................................... 86 

5.4 Results ............................................................................................................................ 87 

5.4.1 Pathogen virulence and probiotic protection ............................................................. 87 

5.4.2 Pathogen-probiont-host interactions in situ ............................................................... 88 

5.5 Discussion ...................................................................................................................... 93 

5.6 Conclusions .................................................................................................................... 95 

5.7 Acknowledgements ........................................................................................................ 96 

6 Conclusions and future recommendations ................................................................ 97 

6.1 Disease management plan for P. ornatus larviculture ................................................... 97 

6.2 Future recommendations .............................................................................................. 100 

7 References ................................................................................................................... 104 

8 Appendix ..................................................................................................................... 132 

 

 

 

 

 

 

 

 

 

 

 



 

xv 

 

List of Figures 

Figure 1-1. Global production of wild capture fisheries and aquaculture since 1950 ............... 2 

 

Figure 1-2. Annual global fisheries production of marine lobster families Nephropidae 

(clawed lobsters) and Palinuridae since 1950 ............................................................................. 3 

 

Figure 1-3. Estimated maximum larval periods in natural environments of selected Palinurid 

spiny lobsters .............................................................................................................................. 7 

 

Figure 1-4. (a) Larval cycle of Panulirus ornatus and (b) ventral view of stage 1 P. ornatus 

phyllosoma illustrating major morphological features ............................................................... 9 

 

Figure 1-5. Scanning electron micrographs showing dynamic biofilm development during 

larval rearing of P. ornatus ....................................................................................................... 12 

 

Figure 1-6. Scanning electron micrographs of mouthparts of (a) day 1 cultured phyllosoma 

and (b) higher magnification of mouthparts showing severe fouling in cultured larvae .......... 14 

 

Figure 1-7. Common agar-based in vitro antagonism assays .................................................. 19 

 

Figure 2-1. Survival of P. ornatus phyllosoma experimentally infected with V. owensii DY05 

by immersion (a) or vectored challenge via Artemia nauplii (b-c) ........................................... 34 

 

Figure 2-2. Histopathological analysis of stage 3 P. ornatus phyllosoma hepatopancreas 

tubules during vectored challenge with V. owensii DY05 ........................................................ 39 

 

Figure 3-1. Stability of GFP expression and effects of transconjugation on growth and 

virulence of V. owensii DY05 ................................................................................................... 49 

 



 

xvi 

 

Figure 3-2. In situ spatiotemporal localisation of V. owensii DY05[GFP] in Artemia nauplius 

after 2 h enrichment (a) and during the infection process of vector challenged P. ornatus 

phyllosomas (b-f) ...................................................................................................................... 50 

 

Figure 3-3. Infection cycle of V. owensii DY05 in the larviculture ecosystem of early stage P. 

ornatus phyllosomas ................................................................................................................. 53 

 

Figure 4-1. Well diffusion agar assay showing wells (diameter 5mm) in marine minimal agar 

plates (MMA) embedded with V. owensii DY05. .................................................................... 66 

 

Figure 4-2. Microgrowth coculture assay ................................................................................ 69 

 

Figure 4-3. Monostrain biofilm formation............................................................................... 70 

 

Figure 4-4. Multistrain biofilm interactions ............................................................................ 71 

 

Figure 4-5. Pathogenicity testing and protective benefit of probiotic candidates on pathogen 

challenged stage 1 P. ornatus phyllosomas. ............................................................................. 72 

 

Figure 5-1. Survival of P. ornatus phyllosomas vector challenged with Artemia nauplii 

enriched with wild types and fluorescently labelled transconjugants of pathogen Vibrio 

owensii DY05 and probionts Vibrio sp. PP05 and Pseudoalteromonas PP107 singularly or in 

relevant combinations ............................................................................................................... 87 

 

Figure 5-2. Fluorescent protein labelled pathogen V. owensii DY05 and probionts Vibrio sp. 

PP05 and Pseudoalteromonas PP107 in Artemia nauplii cultures after mono- or multistrain 

enrichment (2 h) ........................................................................................................................ 89 

 

 

 



 

xvii 

 

Figure 5-3. Endobiotic localisation of FP-labelled probiont Vibrio sp. PP05[GFP or RFP] in 

stage 1 P. ornatus phyllosomas after vectored challenge via Artemia nauplii enriched with 

monostrain inoculum or in combination with probiont Pseudoalteromonas sp. PP107[GFP] 

and/or pathogen V. owensii DY05 (wild type and DY05[RFP]). ............................................. 90 

 

Figure 5-4. Ectobiotic localisation of FP-labelled probionts Vibrio sp. PP05[GFP or RFP] and 

Pseudoalteromonas sp. PP107[GFP] in stage 1 P. ornatus phyllosomas after vectored 

challenge via Artemia nauplii enriched with monostrain inoculum, in combination, or with 

pathogen V. owensii DY05 (wild type and DY05[RFP]) ......................................................... 92 

 

Figure 6-1. Flow chart of a protocol illustrating the first steps in disease management using 

antagonistic probionts for larviculture of P. ornatus ................................................................ 99 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

xviii 

 

List of Tables 

Table 1-1. Species of Palinuridae in which larval cycles have been completed in culture ..... 10 

 

Table 2-1. Phylogenetic identity of isolates recovered from stage 3 P. ornatus phyllosomas 

and Artemia in an infection experiment ................................................................................... 36 

 

Table 4-1. Frequency of bacteria antagonistic to V. owensii DY05 recovered from the 

culturable communities of wild P. ornatus phyllosomas and putative zooplankton prey ........ 64 

 

Table 4-2. Source and number of antagonistic isolates towards V. owensii DY05 confirmed in 

the well diffusion agar assay (WDAA). ................................................................................... 65 

 

Table 4-3. Source and identity of antagonistic isolates shortlisted for candidate probiotics ... 67 

 

Table 5-1. Bacterial strains used in this study ......................................................................... 84 




