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APPENDIX III 

 

Parasite taxa used in analyses in Chapter II. 
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Appendix III 

Taxa used in analyses in Chapter II      

Museum 

Voucher No. GenBank No. Monogenean species Host species  Site Locality Source 

AHC 29644 28SrRNA – FJ971962 Acanthocotyle sp. (A) Urolophus cruciatus S Tasmania L.A.C. & I.D.W. 
 H3 – FJ972078      
 EF1a – FJ972024      
AHC 29645 28SrRNA – FJ971963 Allobenedenia epinepheli (C) Epinephelus coioides G Northern Arabian Gulf J. Abdul-Salam & B.S. Sreelatha 
 H3 – FJ972079      
 EF1a – FJ972025      
AHC 29646 28SrRNA – FJ971964 Amphibdellatidae sp. (Am) Narcine tasmaniensis G Tasmania L.A.C. & I.D.W. 
 H3 – FJ972080      
 EF1a – FJ972026      
AHC 29647 28SrRNA – FJ971965 Asthenocotyle kaikourensis (M) Proscymnodon plunketi SD New Zealand C.J. Healy & E. Burreson 
 H3 – FJ972081      
 EF1a – FJ972027      
AHC 29648 28SrRNA – FJ971967 Benedenia acanthopagri (C) Sparidentex hasta S Culture cages, Kuwait A. Al-Marzouk 
 H3 – FJ972083      
 EF1a – FJ972029      
AHC 45061 28SrRNA – FJ971968 Benedenia anticavaginata (C) Acanthopagrus australis BPF Stradbroke Island, QLD M. Deveney & I.D.W. 
 H3 – FJ9872084      
AHC 29649 28SrRNA – FJ971969 Benedenia rohdei (C) Lutjanus carponotatus BM Heron Island, QLD T.H. Cribb 
 H3 – FJ972085      
 EF1a – FJ972030      
AHC 29650 28SrRNA – FJ971970 Benedenia sciaenae (C)  Argyrosomus japonicus S Port Augusta, SA I. Ernst & C. Chambers 
 H3 – FJ972086      
 EF1a – FJ972031      
AHC 29651 28SrRNA – FJ971971 Benedenia sekii (C) Chrysophrys auratus F Pisces Fish Farm, NSW A. Mooney 
 H3 – FJ972087      
 EF1a – FJ972032      
AHC 29181 28SrRNA – FJ971972 Benedenia seriolae (C) Seriola hippos S Greenly Island, SA K. Hutson 
 H3 – FJ972088      
 EF1a – FJ972033      
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Museum 

Voucher No. GenBank No. Monogenean species Host species  Site Locality Source 

AHC 29652 28SrRNA – FJ971975 Benedeniella posterocolpa (C) Rhinoptera bonasus S New York Aquarium (originally ex Virginia), 
USA 

A.M. Dove 

 H3 – FJ972091      
 EF1a – FJ972036      
AHC 29653 28SrRNA – FJ971977 Calceostomatidae sp. (Cs) Eugerres axillaris G La Paz, Mexico L.A.C. & I.D.W. 
 H3 – FJ972093      
 EF1a – FJ972038      
AHC 29654 28SrRNA – FJ971978 Calicotyle sp. (Mo) Aptychotrema rostrata C Stradbroke Island, QLD L.A.C. & I.D.W. 
 H3 – FJ972094      
 EF1a – FJ972039      
AHC 29655 28SrRNA – FJ971979 Capsala laevis (C) Tetrapterus audax G Port Stephens, NSW L.A.C. & I.D.W. 
 H3 – FJ972095      
 EF1a – FJ972040      
AHC 45062 28SrRNA – FJ971980 Capsala martinierei (C) Mola mola S Two Oceans Aquarium, South Africa K. Christison 
 H3 – FJ972096      
 EF1a – FJ972041      
AHC 29656 28SrRNA – FJ971982 Capsala pricei (C) Tetrapterus audax S Port Stephens, NSW L.A.C. & I.D.W. 
 H3 – FJ972098      
 EF1a – FJ972043      
AHC 29657 28SrRNA – FJ971983 Capsala sp. 1 (C) Tetrapterus belone S Mediterranean Sea, Italy F. Garibaldi 
 H3 – FJ972099      
AHC 29658 28SrRNA – FJ971981 Capsala sp. 2 (C) Makaira nigricans S Port Stephens, NSW L.A.C. & I.D.W. 
 H3 – FJ972097      
 EF1a – FJ972042      
MNHN 
JNC1559 B1 

28SrRNA – FJ971974 Capsalidae sp. 1  (C) Plectorhinchus chaetodonoides G Noumea, New Caledonia J.-L. Justine 

 H3 – FJ972090      
 EF1a – FJ972035      
AHC 29659 28SrRNA – FJ971976 Capsalidae sp. 2  (C) Nemadactylus valenciennesi Pf Port MacDonnell, SA K. Hutson 
 H3 – FJ972092      
 EF1a – FJ972037      
AHC 29660 28SrRNA – FJ971973 Capsalidae sp. 3  (C) Scarus ghobban S Heron Island, QLD T.H. Cribb 
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Museum 

Voucher No. GenBank No. Monogenean species Host species  Site Locality Source 

 H3 – FJ972089      
 EF1a – FJ972034      
 28SrRNA – FJ971966 Capsalidae sp. 4  (C) Paralabrax maculatofasciatus G & PT Bahia Santa Rosaliita, Mexico M. Carmen  
 H3 – FJ972082      
 EF1a – FJ972028      
AHC 29661 28SrRNA – FJ971993 Capsalidae sp. 5  (C) Triakis megalopterus S Ushaka Marine World, Durban, South Africa K. Christison 
 H3 – FJ972109      
 EF1a – FJ972052      
AHC 28913-
16 

28SrRNA – FJ971984 Capsaloides magnaspinosus (C) Tetrapterus audax N Port Stephens, NSW L.A.C. & I.D.W. 

 H3 – FJ972100      
 EF1a – FJ972044      
AHC 29662 28SrRNA – FJ971985 Dactylogyridae sp. (D) Nemadactylus valenciennesi G Port MacDonnell, SA K. Hutson 
 H3 – FJ972101      
 EF1a – FJ972045      
AHC 28777-
93 

28SrRNA – FJ971984 Dendromonocotyle bradsmithi (Mo) Myliobatis australis DS Outer Harbour, Adelaide, SA  B. Smith, K. Hutson, L.A.C. & I.D.W. 

 H3 – FJ972102      
 EF1a – FJ972046      
AHC 29663 28SrRNA – FJ971987 Dermophthirius penneri (M) Carcharhinus limbatus SD Northern Gulf of Mexico, Mississippi, USA S.A. Bullard 
 H3 – FJ972103      
 EF1a – FJ972047      
AHC 29664 28SrRNA – FJ971988 Dermophthirius sp. (M) Rhinobatos typus SD Cairns Marine Aquarium Supply, Cairns, QLD J. Caira & K. Jensen 
 H3 – FJ972104      
 EF1a – FJ972048      
MNHN 
JNC1552 A1 

28SrRNA – FJ971989 Dioncopseudobenedenia kala (C) Naso unicornis G Noumea, New Caledonia J.-L. Justine 

 H3 – FJ972105      
 EF1a – FJ972049      
AHC 29665 28SrRNA – FJ971990 Encotyllabe caranxi (C) Pseudocaranx dentex PT Heron Island, QLD M. Deveney 
 H3 – FJ972106      
AHC 29666 28SrRNA – FJ971992 Entobdella soleae (C) Solea solea S Aquarium, Univ. of East Anglia, UK G.C. Kearn 
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Museum 

Voucher No. GenBank No. Monogenean species Host species  Site Locality Source 

 H3 – FJ972108      
 EF1a – FJ972051      
AHC 45063 28SrRNA – FJ971991 Entobdella stenolepis (C) Hippoglossus stenolepis S British Columbia, Canada M. Kent 
 H3 – FJ972107      
 EF1a – FJ972050      
AHC 45064 28SrRNA – FJ971994 Gyrodactylus derjavini (G) Oncorhynchus mykiss S Experimental culture, Frederiksberg, Denmark K. Buchmann 
 H3 – FJ972110      
 EF1a – FJ972053      
AHC 45065 28SrRNA – FJ971995 Gyrodactylus macracanthus (G) Misgurnus anguillicaudatus S Uni of Melbourne, experimental fish J. Kearns 
 H3 –FJ972111      
 EF1a – FJ972054      

AHC 45066 28SrRNA – FJ971996 Gyrodactylus salaris (G) Salmo salar F Laerdalselva, Norway K. Buchmann 
 H3 – FJ972112      
 EF1a – FJ972055      
AHC 45067 28SrRNA – FJ971997 Interniloculus chilensis (C) Sebastes capensis G Aysén Channels, Chile M.T. Gonzalez 
 H3 – FJ972113      
AHC 45068 28SrRNA – FJ971998 Listrocephalos corona (C) Dasyatis sabina S Mississippi Sound, off Biloxi, Mississippi, USA S.A. Bullard 
 H3 – FJ972114      
 EF1a – FJ972056      
AHC 29667 28SrRNA – FJ971999 Listrocephalos kearni (C) Dasyatis brevis S La Paz, Mexico L.A.C. & I.D.W. 
 H3 – FJ972115      
 EF1a – FJ972057      
AHC 29668 28SrRNA – FJ972000 Macrophyllida sp. (C) Hemigaleus microstoma G Moreton Bay, QLD T. Turner 
 H3 – FJ972116      
 EF1a – FJ972058      
AHC 29669 28SrRNA – FJ972019 Mediavagina sp. (C) Nemadactylus valenciennesi G Port MacDonnell, SA K. Hutson 
 H3 – FJ972135      
 EF1a – FJ972074      
AHC 29670 28SrRNA – FJ972001 Megalobenedenia helicoleni (C) Helicolenus percoides G Port MacDonnell, SA K. Hutson 
 H3 – FJ972117      
 EF1a – FJ972059      
AHC 45069 28SrRNA – FJ972002 Microcotyloides incisa (Mi) Lutjanus argentiventris G La Paz, Mexico L.A.C. & I.D.W. 
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Museum 

Voucher No. GenBank No. Monogenean species Host species  Site Locality Source 

 H3 – FJ972118      
 EF1a – FJ972060      
AHC 28962-
67 

28SrRNA – FJ972003 Nasicola klawei (C) Thunnus albacares N Port Stephens, NSW L.A.C. & I.D.W. 

 H3 – FJ972119      
 EF1a – FJ972061      
AHC 29671 28SrRNA – FJ972004 Neobenedenia 'girellae' (C) Verasper variegatus S Aquarium, Nippon Suisan Kaisha, Oita, Japan N. Hirazawa 
 H3 – FJ972120      
 EF1a – FJ972062      
AHC 29672 28SrRNA – FJ972005 Neobenedenia 'melleni' (C) Sphoeroides annulatus S Aquaria, CIAD, Mazatlan, Sinoloa, Mexico I.D.W. 
 H3 – FJ972121      
 EF1a – FJ972063      
AHC 29673 28SrRNA – FJ972006 Neobenedenia sp. (C) Seriola rivoliana S Aquaculture, Guayaquil, Ecuador  E. Blacio 
 H3 – FJ972122      
 EF1a – FJ972064      
AHC 29555-
59 

28SrRNA – FJ972010 Neoentobdella taiwanensis (C) Taeniura meyeni S Public Aquarium, Taiwan M.H. Chen 

 H3 – FJ972126      
 EF1a – FJ972067      
AHC 29674 28SrRNA – FJ972007 Neoentobdella australis (C) Neotrygon kuhlii VS Stradbroke Island, QLD I.D.W., L.A.C. & V. Glennon 
 H3 – FJ972123       
 EF1a – FJ972065       
AHC 29675 28SrRNA – FJ972008 Neoentobdella diadema (C) Pteroplatytrygon violacea S Mediterranean Sea, off Italy A. Gustinelli  
 H3 – FJ972124      
AHC 29676 28SrRNA – FJ972009 Neoentobdella natans (C) Pastinachus sephen VS Heron Island, QLD T.H. Cribb 
 H3 – FJ972125      
 EF1a – FJ972066      
AHC 45070 28SrRNA – FJ972011 Nitzschia sturionis (C) Huso huso OC Caspian Sea near mouth of River Kuma, Dagestan M.R. Deveney 
 H3 – FJ972127      
 EF1a – FJ972068      
AHC 28917 28SrRNA – FJ972012 Pseudoleptobothrium sp. (M) Aptychotrema rostrata SD Stradbroke Island, QLD B.W. Cribb 
 H3 – FJ972128      
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Museum 

Voucher No. GenBank No. Monogenean species Host species  Site Locality Source 

 EF1a – FJ972069      
MNHN 
JNC1557 A1 

28SrRNA – FJ972013 Pseudonitzschia uku (C) Aprion virescens G Noumea, New Caledonia J.-L. Justine 

 H3 – FJ972129      
 EF1a – FJ972070      
AHC 45071 28SrRNA – FJ972014 Tristoma coccineum (C) Xiphias gladius G Mediterranean S. Mattiucci 
 H3 – FJ972130      
 EF1a – FJ972071      
AHC 45072 28SrRNA – FJ972015 Tristoma integrum (C) Xiphias gladius G Mediterranean S. Mattiucci 
 H3 – FJ972131      
AHC 45073 28SrRNA – FJ972016 Tristoma sp. (C) Xiphias gladius G Azores, Atlantic Ocean S. Mattiucci 
 H3 – FJ972132      
MNHN 
JNC1281 A5 

28SrRNA – FJ972020 Trochopodinae sp. 1 (C) Pseudobalistes fuscus G Noumea, New Caledonia J.-L. Justine 

 H3 – FJ972136      
 EF1a – FJ972075      
MNHN 
JNC1391 B1 

28SrRNA – FJ972017 Trochopodinae sp. 2 (C) Plectropomus leopardus G Noumea, New Caledonia J.-L. Justine 

 H3 – FJ972133      
 EF1a – FJ972072      
AHC 45074 28SrRNA – FJ972022 Trochopodinae sp. 3 (C) Plectropomus leopardus G Heron Island, QLD M. Deveney 
 H3 – FJ972138      
MNHN 
JNC1379 B2 

28SrRNA – FJ972018 Trochopodinae sp. 4 (C) Epinephelus fuscoguttatus G Noumea, New Caledonia J.-L. Justine 

 H3 – FJ972134      
 EF1a – FJ972073      
AHC 29677 28SrRNA – FJ972021 Trochopodinae sp. 5 (C) Chelidonichthys capensis S Two Oceans Aquarium, Cape Town, South Africa K. Christison 
 H3 – FJ972137      
 EF1a – FJ972076      
AHC 45075 28SrRNA – FJ972023 Udonella sp. (U) Urolophus halleri CCS La Paz, Mexico L.A.C. & I.D.W. 
 EF1a – FJ972077      
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Abbreviations used in Appendix III.    
Museum 

AHC = Australian Helminthological Collection of the South Australian Museum, Adelaide, South Australia, Australia 
MNHN = Muséum National d‟Histoire Naturelle, Paris, France 

 

Monogenean family    
A = Acanthocotylidae    
Am = Amphibdellatidae   
C = Capsalidae    
Cs = Calceostomatidae   
D = Dactylogyridae    
G = Gyrodactylidae    
M = Microbothriidae    
Mi = Microcotylidae    
Mo = Monocotylidae    
U = Udonellidae    
 

Collectors    

I.D.W. - I.D. Whittington    
L.A.C. - L.A. Chisholm    
 
Site Parasitised 

BM = Branchiostegal membranes 
BPF = Base of pectoral fin 
C = Cloaca 
CCS = Copepod carapace ex skin 
DS = Dorsal skin 
F = Fins 
G = Gills 
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N = Nares 
OC = Oral cavity 
Pf = Pectoral fins 
PT = Pharyngeal teeth 
S = Skin 
SD = Skin denticles 
VS = Ventral skin
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APPENDIX IV 

 
The maximum likelihood tree derived from analysis of the combined nuclear 

sequence data for the Capsalidae in Chapter II.
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Fig. 1. The maximum likelihood tree derived from analyses of the combined nuclear 

sequence data for the Capsalidae. Non-parametric bootstrap support proportions are 

indicated at each node. Log likelihood score -31045.52. Taxa in bold parasitise 

elasmobranch hosts. See Appendix III for outgroup families. 
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APPENDIX V 

 
Parasite taxa used in analyses in Chapter IV. 
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Appendix V 

Taxa used in analyses in Chapter IV      

Museum 

Voucher No. GenBank No. Monogenean species Host species  Site Locality Source 

AHC 29644 28SrRNA – FJ971962 Acanthocotyle sp. (A)1 Urolophus cruciatus S Tasmania L.A.C. & I.D.W. 
 H3 – FJ972078      
 EF1α – FJ972024      
AHC 29645 28SrRNA – FJ971963 Allobenedenia epinepheli (C) 1,2,3 Epinephelus coioides G Northern Arabian Gulf J. Abdul-Salam & B.S. Sreelatha 
 H3 – FJ972079      
 EF1α – FJ972025      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29727 28SrRNA – XXXXXXXX Allomegalocotyla johnstoni (C) 1,2 Latris lineata G Port MacDonnell, SA K. Hutson, E.M.P. & I.D.W.   
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
MNHN 
JNC2125 A7 

28SrRNA – XXXXXXXX Allometabenedeniella sp. (C) 1,2 Platax teira S Noumea, New Caledonia J.-L. Justine 

 H3 – XXXXXXXX      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29646 28SrRNA – FJ971964 Amphibdellatidae sp. (Am) 1,2 Narcine tasmaniensis G Tasmania L.A.C. & I.D.W. 
 H3 – FJ972080      
 EF1α – FJ972026      
 CYTB – XXXXXXXX      
AHC 29704 28SrRNA – XXXXXXXX Anoplodiscus sp. (An) 1,2 Chrysoblephus gibbiceps S Two Oceans Aquarium, South Africa D. Vaughan 
 H3 – XXXXXXXX      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29647 28SrRNA – FJ971965 Asthenocotyle kaikourensis (M) 1,2,3 Proscymnodon plunketi Sd New Zealand C.J. Healy & E. Burreson 
 H3 – FJ972081      
 EF1α – FJ972027      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29705 28SrRNA – XXXXXXXX Asthenocotyle taranakiensis (M) 1,2 Oxynotus bruniensis S New Zealand C.J. Healy 
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 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29648 28SrRNA – FJ971967 Benedenia acanthopagri (C) 1,2,3 Sparidentex hasta S Culture cages, Kuwait A. Al-Marzouk 
 H3 – FJ972083      
 EF1α – FJ972029      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 45061 28SrRNA – FJ971968 Benedenia anticavaginata (C) 1,2 Acanthopagrus australis Bpf Stradbroke Island, QLD M. Deveney & I.D.W. 
 H3 – FJ9872084      
AHC 29649 28SrRNA – FJ971969 Benedenia rohdei (C) 1,2,3 Lutjanus carponotatus Bm Heron Island, QLD T.H. Cribb 
 H3 – FJ972085      
 EF1α – FJ972030      
AHC 29650 28SrRNA – FJ971970 Benedenia sciaenae (C) 1,2,3  Argyrosomus japonicus S Port Augusta, SA I. Ernst & C. Chambers 
 H3 – FJ972086      
 EF1α – FJ972031      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29651 28SrRNA – FJ971971 Benedenia sekii (C) 1,2,3 Chrysophrys auratus F Pisces Fish Farm, NSW A. Mooney 
 H3 – FJ972087      
 EF1α – FJ972032      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29181 28SrRNA – FJ971972 Benedenia seriolae (C) 1,2,3 Seriola hippos S Greenly Island, SA K. Hutson 
 H3 – FJ972088      
 EF1α – FJ972033      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29652 28SrRNA – FJ971975 Benedeniella posterocolpa (C) 1,2,3 Rhinoptera bonasus S New York Aquarium (originally ex 

Virginia), USA 
A.M. Dove 

 H3 – FJ972091      
 EF1α – FJ972036      
 COX3 – XXXXXXXX      
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 CYTB – XXXXXXXX      
AHC 29653 28SrRNA – FJ971977 Calceostomatidae sp. (Cs) 1,2 Eugerres axillaris G La Paz, Mexico L.A.C. & I.D.W. 
 H3 – FJ972093      
 EF1α – FJ972038      
AHC 29736 EF1α – XXXXXXXX Calicobenedenia polyprioni (C) 2,3 Polyprion americanus Cf Port MacDonnell, SA K. Hutson, E.M.P. & I.D.W.   
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29654 28SrRNA – FJ971978 Calicotyle sp. (Mo) 1,2,3 Aptychotrema rostrata C Stradbroke Island, QLD L.A.C. & I.D.W. 
 H3 – FJ972094      
 EF1α – FJ972039      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 45376 28SrRNA – XXXXXXXX Callorhynchicola multitesticulatus (Ch) 

1,2 
Callorhinchus capensis G Two Oceans Aquarium, South Africa D. Vaughan 

 H3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29655 28SrRNA – FJ971979 Capsala laevis (C) 1,2,3 Tetrapterus audax G Port Stephens, NSW L.A.C. & I.D.W. 
 H3 – FJ972095      
 EF1α – FJ972040      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 45062 28SrRNA – FJ971980 Capsala martinierei (C) 1,2,3 Mola mola S Two Oceans Aquarium, South Africa K. Christison 
 H3 – FJ972096      
 EF1α – FJ972041      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29656 28SrRNA – FJ971982 Capsala pricei (C) 1,2,3 Tetrapterus audax S Port Stephens, NSW L.A.C. & I.D.W. 
 H3 – FJ972098      
 EF1α – FJ972043      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29657 28SrRNA – FJ971983 Capsala sp. 1 (C) 1,2 Tetrapterus belone S Mediterranean Sea, Italy F. Garibaldi 
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 H3 – FJ972099      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29658 28SrRNA – FJ971981 Capsala sp. 2 (C) 1,2,3 Makaira nigricans S Port Stephens, NSW L.A.C. & I.D.W. 
 H3 – FJ972097      
 EF1α – FJ972042      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
MNHN 
JNC1559 B1 

28SrRNA – FJ971974 Capsalidae sp. 1  (C) 1,2,3 Plectorhinchus chaetodonoides G Noumea, New Caledonia J.-L. Justine 

 H3 – FJ972090      
 EF1α – FJ972035      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29659 28SrRNA – FJ971976 Capsalidae sp. 2  (C) 1,2,3 Nemadactylus valenciennesi Pf Port MacDonnell, SA K. Hutson 
 H3 – FJ972092      
 EF1α – FJ972037      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29660 28SrRNA – FJ971973 Capsalidae sp. 3  (C) 1,2,3 Scarus ghobban S Heron Island, QLD T.H. Cribb 
 H3 – FJ972089      
 EF1α – FJ972034      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
None 28SrRNA – FJ971966 Capsalidae sp. 4  (C) 1,2,3 Paralabrax maculatofasciatus G & 

Pt 
Bahia Santa Rosaliita, Mexico M. Carmen  

 H3 – FJ972082      
 EF1α – FJ972028      
 CYTB – XXXXXXXX      
AHC 29661 28SrRNA – FJ971993 Capsalidae sp. 5  (C) 1,2,3 Triakis megalopterus S Ushaka Marine World, Durban, South Africa K. Christison 
 H3 – FJ972109      
 EF1α – FJ972052      
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 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
None 28SrRNA – XXXXXXXX Capsalidae sp. 6  (C) 1,2 Lutjanus russellii Bw Noumea, New Caledonia J.-L. Justine 
 H3 – XXXXXXXX      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29707 28SrRNA – XXXXXXXX Capsalidae sp. 7  (C) 1,2,3 Lutjanus vitta Bm Noumea, New Caledonia E.M.P., I.D.W. & J.-L. Justine 
 EF1α – XXXXXXXX      
AHC 29708 28SrRNA – XXXXXXXX Capsalidae sp. 8  (C) 1,2 Gymnocranius grandoculis Bm Noumea, New Caledonia E.M.P., I.D.W. & J.-L. Justine 
 H3 – XXXXXXXX      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 45379 28SrRNA – XXXXXXXX Capsalidae sp. 9  (C) 1,2 Naso unicornis Bm Noumea, New Caledonia E.M.P., I.D.W. & J.-L. Justine 
 H3 – XXXXXXXX      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
None 28SrRNA – XXXXXXXX Capsalidae sp. 10  (C) 1,2 Lethrinus miniatus S Noumea, New Caledonia E.M.P., I.D.W. & J.-L. Justine 
 H3 – XXXXXXXX      
AHC 29711 28SrRNA – XXXXXXXX Capsalidae sp. 11  (C) 1,2 Lethrinus rubrioperculatus H Noumea, New Caledonia E.M.P., I.D.W. & J.-L. Justine 
 H3 – XXXXXXXX      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
None 28SrRNA – XXXXXXXX Capsalidae sp. 12  (C) 1,2,3 Cephalopholis urodeta Cf Noumea, New Caledonia E.M.P., I.D.W. & J.-L. Justine 
 EF1α – XXXXXXXX      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29707 28SrRNA – XXXXXXXX Capsalidae sp. 13  (C) 1,2 Nemipterus furcosus Bm Noumea, New Caledonia E.M.P., I.D.W. & J.-L. Justine 
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 45380 28SrRNA – XXXXXXXX Capsalidae sp. 14  (C) 1,2,3 Cephalopholis urodeta G Noumea, New Caledonia E.M.P., I.D.W. & J.-L. Justine 
 H3 – XXXXXXXX      
 EF1α – XXXXXXXX      
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 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29709 28SrRNA – XXXXXXXX Capsalidae sp. 15  (C) 1,2 Cephalopholis miniata G Noumea, New Caledonia E.M.P., I.D.W. & J.-L. Justine 
 H3 – XXXXXXXX      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29715 28SrRNA – XXXXXXXX Capsalidae sp. 16  (C) 1,2,3 Lethrinus miniatus Bw Noumea, New Caledonia J.-L. Justine 
 EF1α – XXXXXXXX      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
None 28SrRNA – XXXXXXXX Capsalidae sp. 17  (C) 1,2 Pristipomoides 

argyrogrammicus 
H Noumea, New Caledonia E.M.P., I.D.W. & J.-L. Justine 

 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29710 28SrRNA – XXXXXXXX Capsalidae sp. 18  (C) 1,2 Epinephelus maculatus G Noumea, New Caledonia E.M.P., I.D.W. & J.-L. Justine 
 H3 – XXXXXXXX      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29716 28SrRNA – XXXXXXXX Capsalidae sp. 19  (C) 1,2 Latris lineata Pf Port MacDonnell, SA K. Hutson, E.M.P. & I.D.W.   
 H3 – XXXXXXXX      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 28913-
16 

28SrRNA – FJ971984 Capsaloides magnaspinosus (C) 1,2,3 Tetrapterus audax N Port Stephens, NSW L.A.C. & I.D.W. 

 H3 – FJ972100      
 EF1α – FJ972044      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 45378 28SrRNA – XXXXXXXX Capsaloides sp. 1 (C) 1,2,3 Tetraptures belone G Mediterranean F. Garibaldi 
 H3 – XXXXXXXX      
 EF1α – XXXXXXXX      
 COX3 – XXXXXXXX      
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AHC 45377 28SrRNA – XXXXXXXX Capsaloides sp. 2 (C)1,2 Tetrapterus belone N Mediterranean F. Garibaldi 
 H3 – XXXXXXXX      
AHC 29662 28SrRNA – FJ971985 Dactylogyridae sp. (D) 1,2 Nemadactylus valenciennesi G Port MacDonnell, SA K. Hutson 
 H3 – FJ972101      
 EF1α – FJ972045      
AHC 28777-
93 

28SrRNA – FJ971984 Dendromonocotyle bradsmithi (Mo) 1,2,3 Myliobatis australis Ds Outer Harbour, Adelaide, SA  B. Smith, K. Hutson, L.A.C & I.D.W 

 H3 – FJ972102      
 EF1α – FJ972046      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 45381 28SrRNA – XXXXXXXX Dendromonocotyle californica (Mo) 1,2 Myliobatis californica S New York Aquarium A. Dove 
 H3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC28577-93 28SrRNA – XXXXXXXX Dendromonocotyle lasti (Mo) 1,2 Himantura sp. S Stradbroke Island, QLD L.A.C., V. Glennon & I.D.W. 
 H3 – XXXXXXXX      
 28SrRNA – XXXXXXXX Dermophthirius maccallumi (M) 1,2 Carcharhinus leucas S Ushaka Marine World, Durban, South Africa D. Vaughan 
 H3 – XXXXXXXX      
 EF1α – XXXXXXXX      
AHC 29663 28SrRNA – FJ971987 Dermophthirius penneri (M) 1,2,3 Carcharhinus limbatus Sd Northern Gulf of Mexico, Mississippi, USA S.A. Bullard 
 H3 – FJ972103      
 EF1α – FJ972047      
 CYTB – XXXXXXXX      
AHC 29664 28SrRNA – FJ971988 Dermophthirius sp. (M) 1,2,3 Rhinobatos typus Sd Cairns Marine Aquarium Supply, Cairns, 

QLD 
J. Caira & K. Jensen 

 H3 – FJ972104      
 EF1α – FJ972048      
AHC 29718 28SrRNA – XXXXXXXX Dioncus remorae (C)1,2 Echeneis naucrates G Noumea, New Caledonia E.M.P., I.D.W. & J.-L. Justine 
 H3 – XXXXXXXX      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
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MNHN 
JNC1552 A1 

28SrRNA – FJ971989 Dioncopseudobenedenia kala (C) 1,2,3 Naso unicornis G Noumea, New Caledonia J.-L. Justine 

 H3 – FJ972105      
 EF1α – FJ972049      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29719 28SrRNA – XXXXXXXX Encotyllabe caballeroi (C) 1,2 Lethrinus miniatus Pt Noumea, New Caledonia E.M.P., I.D.W. & J.-L. Justine 
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29665 28SrRNA – FJ971990 Encotyllabe caranxi (C) 1,2 Pseudocaranx dentex Pt Heron Island, QLD M. Deveney 
 H3 – FJ972106      
AHC 29722 28SrRNA – XXXXXXXX Encotyllabe chironemi (C) 1,2,3 Nemadactylus macropterus Pt Port MacDonnell, SA K. Hutson, E.M.P. & I.D.W. 
 H3 – XXXXXXXX      
 EF1α – XXXXXXXX      
AHC 45382 28SrRNA – XXXXXXXX Encotyllabe sp. 1 (C) 1,2,3 Lethrinus rubrioperculatus Pt Noumea, New Caledonia E.M.P., I.D.W. & J.-L. Justine 
 H3 – XXXXXXXX      
 EF1α – XXXXXXXX      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29720 28SrRNA – XXXXXXXX Encotyllabe sp. 2 (C) 1,2,3 Gymnocranius grandoculis Pt Noumea, New Caledonia E.M.P., I.D.W. & J.-L. Justine 
 H3 – XXXXXXXX      
 EF1α – XXXXXXXX      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29721 28SrRNA – XXXXXXXX Encotyllabe sp. 3 (C) 1,2,3 Gymnocranius euanus Pt Noumea, New Caledonia E.M.P., I.D.W. & J.-L. Justine 
 H3 – XXXXXXXX      
 EF1α – XXXXXXXX      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29666 28SrRNA – FJ971992 Entobdella soleae (C) 1,2,3 Solea solea S Aquarium, Univ. of East Anglia, UK G.C. Kearn 
 H3 – FJ972108      
 EF1α – FJ972051      
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 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29723 28SrRNA – XXXXXXXX Entobdella squamula (C) 1,2,3 Paralichthys californicus  S Dana Point, Orange County, CA., U.S.A. J. Kalman 
 H3 – XXXXXXXX      
 EF1α – XXXXXXXX      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 45063 28SrRNA – FJ971991 Entobdella stenolepis (C) 1,2,3 Hippoglossus stenolepis S British Columbia, Canada M. Kent 
 H3 – FJ972107      
 EF1α – FJ972050      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29725 28SrRNA – XXXXXXXX Erpocotyle antarctica (H) 1,2 Mustelus antarcticus G Port MacDonnell, SA K. Hutson, E.M.P. & I.D.W. 
 H3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29730 28SrRNA – XXXXXXXX Eurysorchis manteri (Di) 1,2 Hyperoglyphe antarctica G Port MacDonnell, SA K. Hutson, E.M.P. & I.D.W. 
 H3 – XXXXXXXX      
AHC 29732 28SrRNA – XXXXXXXX Gotocotyla elagatis (Go) 1,2 Elagatis bipinnulata G Sir John Young Banks, NSW K. Hutson 
 H3 – XXXXXXXX      
AHC 45064 28SrRNA – FJ971994 Gyrodactylus derjavini (G) 1,2,3 Oncorhynchus mykiss S Experimental culture, Frederiksberg, 

Denmark 
K. Buchmann 

 H3 – FJ972110      
 EF1α – FJ972053      
AHC 45065 28SrRNA – FJ971995 Gyrodactylus macracanthus (G) 1,2,3 Misgurnus anguillicaudatus S Uni of Melbourne, experimental fish J. Kearns 
 H3 –FJ972111      
 EF1α – FJ972054      

AHC 45066 28SrRNA – FJ971996 Gyrodactylus salaris (G) 1,2,3 Salmo salar F Laerdalselva, Norway K. Buchmann 
 H3 – FJ972112      
 EF1α – FJ972055      
 COX3 – NC_008815      
 CYTB – NC_008815      
AHC 29724 28SrRNA – XXXXXXXX Heterocotyle chinensis (Mo) 1,2 Dasyatis fluviorum G Stradbroke Island, QLD L.A.C. & V. Glennon 
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 CYTB – XXXXXXXX      
AHC 45067 28SrRNA – FJ971997 Interniloculus chilensis (C) 1,2 Sebastes capensis G Aysén Channels, Chile M.T. Gonzalez 
 H3 – FJ972113      
MNHN 
JNC2448 A1 

28SrRNA – XXXXXXXX Lagenivaginopseudobenedenia sp. (C) 

1,2 
Etelis coruscans G Noumea, New Caledonia J.-L. Justine 

 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 45068 28SrRNA – FJ971998 Listrocephalos corona (C) 1,2,3 Dasyatis sabina S Mississippi Sound, off Biloxi, Mississippi, 

USA 
S.A. Bullard 

 H3 – FJ972114      
 EF1α – FJ972056      
AHC 29667 28SrRNA – FJ971999 Listrocephalos kearni (C) 1,2,3 Dasyatis brevis S La Paz, Mexico L.A.C. & I.D.W. 
 H3 – FJ972115      
 EF1α – FJ972057      
AHC 29668 28SrRNA – FJ972000 Macrophyllida sp. (C) 1,2,3 Hemigaleus microstoma G Moreton Bay, QLD T. Turner 
 H3 – FJ972116      
 EF1α – FJ972058      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29669 28SrRNA – FJ972019 Mediavagina sp. (C) 1,2,3 Nemadactylus valenciennesi G Port MacDonnell, SA K. Hutson 
 H3 – FJ972135      
 EF1α – FJ972074      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29670 28SrRNA – FJ972001 Megalobenedenia helicoleni (C) 1,2,3 Helicolenus percoides G Port MacDonnell, SA K. Hutson 
 H3 – FJ972117      
 EF1α – FJ972059      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29712 28SrRNA – XXXXXXXX Metabenedeniella parva (C) 1,2 Plectorhinchus lineatus Bm Noumea, New Caledonia E.M.P., I.D.W. & J.-L. Justine 
 H3 – XXXXXXXX      
 COX3 – XXXXXXXX      
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 CYTB – XXXXXXXX      
AHC 29714 28SrRNA – XXXXXXXX Metabenedeniella sp. (C) 1,2 Lutjanus argentimaculatus Pf Noumea, New Caledonia E.M.P., I.D.W. & J.-L. Justine 
 H3 – XXXXXXXX      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29729 28SrRNA – XXXXXXXX Microcotyle nemadactylus (Mi) 1,2 Nemadactylus macropterus G Port MacDonnell, SA K. Hutson, E.M.P. & I.D.W. 
 H3 – XXXXXXXX      
 CYTB –XXXXXXXX      
AHC 29731 28SrRNA – XXXXXXXX Microcotyle neozealanicus (Mi) 1,2 Helicolenus percoides G Port MacDonnell, SA K. Hutson, E.M.P. & I.D.W. 
 CYTB – XXXXXXXX      
AHC 45069 28SrRNA – FJ972002 Microcotyloides incisa (Mi) 1,2,3 Lutjanus argentiventris G La Paz, Mexico L.A.C. & I.D.W. 
 H3 – FJ972118      
 EF1α – FJ972060      
 CYTB – XXXXXXXX      
AHC 28962-
67 

28SrRNA – FJ972003 Nasicola klawei (C) 1,2,3 Thunnus albacares N Port Stephens, NSW L.A.C. & I.D.W. 

 H3 – FJ972119      
 EF1α – FJ972061      
AHC 29671 28SrRNA – FJ972004 Neobenedenia 'girellae' (C) 1,2,3 Verasper variegatus S Aquarium, Nippon Suisan Kaisha, Oita, 

Japan 
N. Hirazawa 

 H3 – FJ972120      
 EF1α – FJ972062      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29672 28SrRNA – FJ972005 Neobenedenia 'melleni' (C) 1,2,3 Sphoeroides annulatus S Aquaria, CIAD, Mazatlan, Sinoloa, Mexico I.D.W. 
 H3 – FJ972121      
 EF1α – FJ972063      
AHC 29673 28SrRNA – FJ972006 Neobenedenia sp. (C) 1,2,3 Seriola rivoliana S Aquaculture, Guayaquil, Ecuador  E. Blacio 
 H3 – FJ972122      
 EF1α – FJ972064      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
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AHC 29674 28SrRNA – FJ972007 Neoentobdella australis (C) 1,2,3 Neotrygon kuhlii Vs Stradbroke Island, QLD I.D.W., L.A.C. & V. Glennon 
 H3 – FJ972123       
 EF1α – FJ972065       
 COX3 – XXXXXXXX       
 CYTB – XXXXXXXX       
AHC 29675 28SrRNA – FJ972008 Neoentobdella diadema (C) 1,2 Pteroplatytrygon violacea S Mediterranean Sea, off Italy A. Gustinelli  
 H3 – FJ972124      
AHC 29676 28SrRNA – FJ972009 Neoentobdella natans (C) 1,2,3 Pastinachus sephen Vs Heron Island, QLD T.H. Cribb 
 H3 – FJ972125      
 EF1α – FJ972066      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29555-
59 

28SrRNA – FJ972010 Neoentobdella taiwanensis (C) 1,2,3 Taeniura meyeni S Public Aquarium, Taiwan M.H. Chen 

 H3 – FJ972126      
 EF1α – FJ972067      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 45070 28SrRNA – FJ972011 Nitzschia sturionis (C) 1,2,3 Huso huso Oc Caspian Sea near mouth of River Kuma, 

Dagestan 
M.R. Deveney 

 H3 – FJ972127      
 EF1α – FJ972068      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29728 28SrRNA – XXXXXXXX Nitzschia sturionis 2 (C) 1,2,3 Acipenser stellatus Gr Ramsar area, Caspian Sea, Iran S. Tavakol & B. Jalali 
 H3 – XXXXXXXX      
 EF1α – XXXXXXXX      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 28917 28SrRNA – FJ972012 Pseudoleptobothrium sp. (M) 1,2,3 Aptychotrema rostrata Sd Stradbroke Island, QLD B.W. Cribb 
 H3 – FJ972128      
 EF1α – FJ972069      
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 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
MNHN 
JNC1557 A1 

28SrRNA – FJ972013 Pseudonitzschia uku (C) 1,2,3 Aprion virescens G Noumea, New Caledonia J.-L. Justine 

 H3 – FJ972129      
 EF1α – FJ972070      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29713 28SrRNA – XXXXXXXX Trilobiodiscus lutiani (C) 1,2 Lutjanus argentimaculatus G Noumea, New Caledonia E.M.P., I.D.W. & J.-L. Justine 
 H3 – XXXXXXXX      
 EF1α – XXXXXXXX      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29733 28SrRNA – XXXXXXXX Triloculotrema japanicae (Mo) 1,2 Mustelus antarcticus N Port MacDonnell, SA K. Hutson & E.M.P. 
 H3 – XXXXXXXX      
AHC 29734 28SrRNA – XXXXXXXX Trimusculotrema sp. (C) 1,2 Trygonoptera mucosa Vs Kangaroo Island, SA E.M.P., I.D.W & T. Bertozzi 
 H3 – XXXXXXXX      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 45071 28SrRNA – FJ972014 Tristoma coccineum (C) 1,2,3 Xiphias gladius G Mediterranean S. Mattiucci 
 H3 – FJ972130      
 EF1α – FJ972071      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 45072 28SrRNA – FJ972015 Tristoma integrum (C) 1,2 Xiphias gladius G Mediterranean S. Mattiucci 
 H3 – FJ972131      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 45073 28SrRNA – FJ972016 Tristoma sp. (C) Xiphias gladius G Azores, Atlantic Ocean S. Mattiucci 
 H3 – FJ972132      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
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Museum 

Voucher No. GenBank No. Monogenean species Host species  Site Locality Source 

MNHN 
JNC1281 A5 

28SrRNA – FJ972020 Trochopodinae sp. 1 (C) 1,2,3 Pseudobalistes fuscus G Noumea, New Caledonia J.-L. Justine 

 H3 – FJ972136      
 EF1α – FJ972075      
MNHN 
JNC1379 B2 

28SrRNA – FJ972018 Trochopodinae sp. 4 (C) 1,2,3 Epinephelus fuscoguttatus G Noumea, New Caledonia J.-L. Justine 

 H3 – FJ972134      
 EF1α – FJ972073      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 29677 28SrRNA – FJ972021 Trochopodinae sp. 5 (C) 1,2,3 Chelidonichthys capensis S Two Oceans Aquarium, Cape Town, South 

Africa 
K. Christison 

 H3 – FJ972137      
 EF1α – FJ972076      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
MNHN 
JNC1391 B1 

28SrRNA – FJ972017 Trochopus plectropomi (C)* 1,2,3 Plectropomus leopardus G Noumea, New Caledonia J.-L. Justine 

 H3 – FJ972133      
 EF1α – FJ972072      
AHC 45383 28SrRNA – XXXXXXXX Troglocephalus rhinobatidis (Mo) 1,2 Rhinobatus typus G Stradbroke Island, QLD I.D.W., L.A.C. & V. Glennon 
 H3 – XXXXXXXX      
 COX3 – XXXXXXXX      
 CYTB – XXXXXXXX      
AHC 45075 28SrRNA – FJ972023 Udonella sp. (U) 1,2,3 Urolophus halleri Ccs La Paz, Mexico L.A.C. & I.D.W. 
 EF1α – FJ972077      
AHC 29735 28SrRNA – XXXXXXXX Zeuxapta seriolae (He) 1,2 Seriola lalandi G Sir John Young Banks, NSW K. Hutson 
 H3 –XXXXXXXX      

Abbreviations used in Appendix V.    
 

Museum 

AHC = Australian Helminthological Collection of the South Australian Museum, Adelaide, South Australia, Australia 
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MNHN = Muséum National d‟Histoire Naturelle, Paris, France 

 

 

Monogenean family    
A = Acanthocotylidae    
Am = Amphibdellatidae   
An = Anoplodiscidae 
C = Capsalidae    
Ch = Chimaericolidae 
Cs = Calceostomatidae   
D = Dactylogyridae    
Di = Diclidophoridae 
G = Gyrodactylidae    
Go = Gotocotylidae 
H = Hexabothriidae 
He = Heteraxinidae 
M = Microbothriidae    
Mi = Microcotylidae    
Mo = Monocotylidae    
U = Udonellidae    
 

Collectors    

E.M.P. - E.M. Perkins 
I.D.W. - I.D. Whittington    
L.A.C. - L.A. Chisholm    
 
Site Parasitised 

Bm = Branchiostegal membranes 
Bpf = Base of pectoral fin 
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Bw = Body wash 
C = Cloaca 
Ccs = Copepod carapace ex skin 
Cf = Caudal fin 
Ds = Dorsal skin 
F = Fins 
G = Gills 
Gr = Gill raker 
H = Head 
N = Nares 
Oc = Oral cavity 
Pf = Pectoral fins 
Pt = Pharyngeal teeth 
S = Skin 
Sd = Skin denticles 
Vs = Ventral skin 
 
*This species was listed as Trochopodinae sp. 2 in Perkins et al. (2009) and Chapter II 
Unless mentioned otherwise taxa cited in Perkins et al. (2009) retain the same nomenclature 
1Nuclear dataset 
2Combined dataset (nuclear and mitochondrial) 
3EF1α used in molecular dating 
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APPENDIX VI 

 

Additional Materials and Methods, Results and Discussion for analyses in Chapter 

IV.
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 Table 1. Primers developed in this study for PCR amplification of two mitochondrial 

genes. 

Gene Primer ID Sequence (5‟-3‟) Forward/Reverse 
COX3 M1129 CAYGCTAGWTGTTTTTGTAC F 
COX3 M1155 ATGACWTGRYTWCCWRTWTATAAWGC F 
COX3 M1182 TGRTAYTGRCAYTTYGTDG F 
CYTB M1156  GACATTTGRTGYCAHGGYARDATRTAMC R 
CYTB M1166 GGWAYHCTYTGWACWACMGAAG R 

CYTB M1167 GGHARDATRTAVCCYARRAACGCTTCHA
CCATCA R 

CYTB M1189 CTNGAATARTAHARNGCNCGDC R 
CYTB M1190 TGAYGYCAAGGYAAWATRTAAC R 
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MATERIALS AND METHODS 

Voucher specimens (most mounted on slides but some are specimens or part 

specimens stored in 95% AR grade ethanol) of all but five monogenean species are 

deposited in the Australian Helminthological Collection (AHC) of the South 

Australian Museum (SAMA), Parasitology Section, North Terrace, Adelaide, 5000, 

Australia or in the Muséum National d‟Histoire Naturelle (MNHN), Paris, France 

(see Appendix V). 

 

RESULTS 

(a) DNA sequence characteristics 

Sequences from 77 ingroup and 30 outgroup taxa were available. There were no 

premature stop codons within the protein encoding regions of the sequences. A total 

alignment length of 1537 characters of sequence was produced from the 

concatenation of the 3 genes which included: 430 characters 28S rDNA, 291 

characters H3 and 816 characters EF1α. The five genes, for 78 ingroup taxa and 29 

outgroup taxa, were concatenated for a total alignment of 2410 characters of 

sequence including: 430 characters 28S rDNA, 291 characters H3, 816 characters 

EF1α, 573 characters COX3 and 300 characters CYTB. This included 104 parsimony 

informative sites for 28S rDNA, 141 parsimony informative sites for H3, 348 

parsimony informative sites for EF1α, 414 parsimony informative sites for COX3 

and 236 parsimony informative sites for CYTB. We were unable to obtain sequence 

data for some taxa for certain genes (see Appendix V) and these taxa were included 

in analyses as missing data for those genes. The EF1α sequence spanned an intron of 

variable length (50 to 100 bp), which we excluded from our analyses because it could 

not be aligned unambiguously due to high variability. Some primer pairs for 28S 

rDNA generated larger sequence fragments (approximately 800 bp) but because 

alignment at the 3‟ end of this sequence was ambiguous, only approximately 400 bp 

were included in analyses. Other areas of 28S rDNA and EF1α sequence, where 

alignment was also ambiguous, were excluded from analyses reducing the final 

number of characters used in our analyses to 2153 bp. Indels occurred at 29 sites in 

the 28S rDNA sequence data (20 of which occurred only in Udonella), 14 sites in the 

EF1 sequence data and 15 sites in the COX3 sequence data. Sequencing of some 

28S rDNA, H3 and EF1 sequences revealed heterozygotes, indicated by 
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overlapping signals for two kinds of bases in the sequence chromatograms data. 

These sites were scored with the IUPAC ambiguity codes for dimorphic sites.  

 

(b) Phylogenetic analyses 

The preliminary Bayesian analyses and AIC showed that four partitions for nuclear 

genes (28S rDNA, H3 and EF1α 1st codon position, H3 and EF1α 2nd codon position, 

and H3 and EF1α 3rd codon position) and seven partitions for all five genes (28S 

rDNA, H3 and EF1α 1st codon position, H3 and EF1α 2nd codon position, H3 and 

EF1α 3rd codon position, COX3 and CYTB 1st codon position, COX3 and CYTB 2nd 

codon position, COX3 and CYTB 3rd codon position) were optimal for the data. 

 

DISCUSSION 

(a) Monophyly of the Capsalidae and sister group 

Given the comprehensive taxon sampling (78 capsalid taxa in 28 genera) and the 

inclusion of taxa from all subfamilies, monophyly for the family has been tested. In 

analyses by Perkins et al. (2009) which included 47 capsalid taxa in 20 genera, a 

representative from the Dioncinae was unavailable and as this is the subfamily most 

recently united into the Capsalidae (see Whittington 2004), monophyly could not be 

tested. One species from the Dioncinae, Dioncus remorae, was included in present 

analyses and the family is monophyletic. The presence of accessory sclerites on the 

haptor, the perforated bead shape of the spermatid mitochondrion and the progressive 

disappearance of the microtubules of the zone of differentiation are morphological 

synapomorphies for the family (Justine & Mattei 1987; Whittington 2004). The 

absence of accessory sclerites appears to be an independent secondary loss in adults 

of two taxa, Pseudonitzschia uku (Appendix VIII, clade 1D) and Calicobenedenia 

polyprioni (Appendix VIII, clade 2C). 

 Two groupings have been proposed as the sister group to the Capsalidae and 

our analyses have been unable to resolve the sister to the family. Morphological 

phylogenetic analyses of the Monogenea have supported the Loimoidae and 

Monocotylidae as sister (Boeger & Kritsky 2001) but molecular phylogenetic 

analyses have typically supported the grouping of Udonellidae and Gyrodactylidae 

(see Olson & Littlewood 2002). The present analyses have included more 

monopithocotylean outgroups but the sister group remains unresolved. There are two 
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groupings that are the most likely sister groups: Gyrodactylidae and Udonellidae or 

Microbothriidae and Monocotylidae (Appendix VIII). To finally resolve 

relationships between the Capsalidae and other monogenean families, comprehensive 

phylogenetic analyses using multiple unlinked nuclear genes and representatives 

from all monopisthocotylean families are required. 

 

(b) The subfamily and generic classifications 

Perkins et al. (2009) found the Benedeniinae, Entobdellinae and Trochopodinae to be 

polyphyletic and this is supported further in our extended analyses. Taxa from the 

Benedeniinae and Trochopodinae are spread more widely throughout the phylogeny 

with representatives occurring in clades 1 and 2 (Appendix VIII). These large and 

diverse subfamilies need extensive morphological re-examination, appraisal and 

taxonomic revision in light of our results. The Entobdellinae remains polyphyletic 

with the inclusion of more taxa from other subfamilies. Calicobenedenia polyprioni 

is considered a member of the Benedeniinae but in our analyses grouped with 

entobdellines (Appendix VIII, clade 2C). While C. polyprioni (from the perciform 

Polyprion americanus) does not share a similar host association to the other 

entobdellines (i.e. Chondrichthyes and flatfish teleosts), it does have similar anterior 

attachment organ morphology (Kritsky & Fennessy 1999; Deveney 2002). With 

additional taxon representation to Perkins et al. (2009), monophyly was tested for the 

Encotyllabinae and was strongly supported (Appendix VIII, PP 100%, BS 100%). 

Many relationships from the analyses by Perkins et al. (2009) have changed with the 

addition of taxa but some have remained stable. Relationships between the capsalines 

remain largely unchanged and together with the Encotyllabinae are strongly 

monophyletic. Capsaline species have a restricted host range (exclusively pelagic 

fishes, predominantly Istiophoridae and Scombridae) and encotyllabine species have 

a restricted site range (predominately parasitise the pharyngeal tooth pads). In 

contrast species in Benedeniinae and Trochopodinae are polyphyletic and exhibit 

broad host and site ranges. Correlations between site specificity, host specificity, host 

associations and morphology warrant further examination as possible constraints on, 

or drivers of, radiation. 

Members of the Dioncinae predominantly parasitise remora hosts, which 

attach to and are carried by larger fish such as sharks and rays. It has been proposed 

that, due to this behaviour, remoras may have acted as a vector for transmission of a 
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parasite from one host species to another (Whittington 2004). For example 

Whittington (2004) proposed that capsalids from elasmobranch hosts could have 

been transferred to a diversity of teleost hosts by remoras facilitating the radiation of 

the family (Whittington 2004) but this hypothesis is not supported by our analyses. 

Our present phylogenetic hypotheses provide the most detailed examination of the 

Capsalidae to date and frameworks for future studies to take into account the 

phylogenetic relationships of the family. 
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APPENDIX VII 

 

Additional taxa used in molecular clock dating analyses in Chapter IV. 
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Table 1. Additional taxa used in molecular dating analyses in Chapter IV. 

GenBank No. Species Taxonomy 
AF360167 Arabidopsis thaliana Viridiplantae 
AY582824 Monosiga ovata Choanoflagellida 
AY580191 Ephydatia cooperensis Demospongiae 
DQ087497 Trochospongilla pennsylvanica Demospongiae 
AY580246 Metridium senile Cnidaria 
AY580239 Obelia sp. Cnidaria 
AY580170 Antedon mediterranea Echinodermata 
AY580177 Asterina miniata Echinodermata 
AY580197 Dendraster excentricus Echinodermata 
AY580204 Encope michelini Echinodermata   
AY580218 Eucidaris tribuloides Echinodermata   
AY580285 Strongylocentrotus purpuratus Echinodermata   
AY580280 Saccoglossus kowalevskii Hemichordata 
AY580292 Ptychodera flava Hemichordata 
NM_206593 Drosophila melanogastor Insecta 
AY580211 Enallagma aspersum Arthropoda 
AY580225 Lestes congener Arthropoda 
AY580299 Priapulus caudatus Priapulida 
AY580184 Chaetopterus sp. Polychaeta 
AY580265 Modiolus americanus Bivalvia 
AY580262 Mytilus californianus Bivalvia 
AY580270 Mytilus edulis Bivalvia 
AY580232 Nucula proxima Bivalvia 
AJ250908 Leptoplana tremellaris „Turbellaria‟ 
AF288068 Microstomum lineare „Turbellaria‟ 
AY580253 Stylochus sp. „Turbellaria‟ 
AY519355 Clonorchis sinensis Trematoda 
Y08487 Schistosoma mansoni Trematoda 
AB306938 Echinococcus vogeli Cestoda 
AF288066 Grillotia erinaceus Cestoda 
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APPENDIX VIII 

 

A 50% majority rule consensus tree produced from Bayesian inference analyses of 

the combined nuclear and mitochondrial sequence data for 78 capsalid taxa and 29 

outgroup taxa in Chapter IV. 
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Figure 1. A 50% majority rule consensus tree produced from Bayesian inference analyses of the 

combined nuclear and mitochondrial sequence data for 78 capsalid taxa and 29 outgroup taxa 

representing 14 monogenean families and 2 subclasses. Half circles above nodes indicate posterior 

probabilities above 90% and half circles below nodes indicate Maximum Likelihood bootstrap 

proportions above 70%. Complete circles indicate nodes with posterior probabilities above 90% and 

Maximum Likelihood bootstrap proportions above 70%. Taxa in bold parasitise elasmobranch hosts. 

See Appendix V for outgroup families. 
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APPENDIX IX 

 

A 50% majority rule consensus tree produced from Bayesian inferences analyses of 

the combined nuclear sequence data for 77 capsalid taxa and 30 outgroup taxa in 

Chapter IV. 
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Figure 1. A 50% majority rule consensus tree produced from Bayesian inference 

analyses of the combined nuclear sequence data for 77 capsalid taxa and 30 outgroup 

taxa representing 14 monogenean families and 2 subclasses. Posterior probabilities 

above 90% are indicated by circles at those nodes. Taxa in bold parasitise 

elasmobranch hosts. See Appendix V for outgroup families. 
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APPENDIX X 

 

The maximum likelihood tree derived from analyses of the combined nuclear and 

mitochondrial sequence data for the Capsalidae in Chapter IV.
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Figure 1. The maximum likelihood tree derived from analysis of the combined 

nuclear and mitochondrial sequence data for the Capsalidae. Non-parametric 

bootstrap support proportions above 70% are indicated by circles at those nodes. Log 

likelihood score -55078.47. Taxa in bold parasitise elasmobranch hosts. See 

Appendix V for outgroup families. 
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APPENDIX XI 

 

GenBank numbers for sequences of fish taxa used in analyses in Chapter V.
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Appendix XI. GenBank numbers for sequences used in analyses in Chapter V       
 COX1 CYTB H3 IRBP MLL ND4 RAG1 RAG2 Rhod RNF213 
Acanthopagrus australis1 DQ107856 AM265581 DQ533360 EU638155  XXXXXX2   EU090914 EU638265 
Acipenser stellatus1 NC_005795 NC_005795    NC_005795 AF369056 AF369073 AF137206   
Adrianichthyidae NC_004387 NC_004387 AY655594 DQ168094  NC_004387 EF095641  AB001605   
Albulidae NC_005800 NC_005796    NC_005800 AY430202     
Alepocephalidae NC_011012 NC_011012    NC_011012   EU637933   
Alestiidae NC_004699 NC_004699    NC_004699 DQ912097 AY804099    
Alopiidae EU398646 L08031    XXXXXX2 AF135482     
Amiiformes NC_004742 NC_004742    NC_004742 AY430199 AF369079 AF137208   
Anguillidae NC_006531 NC_006531    NC_006531   AJ249202   
Anomalopidae NC_008128 NC_008128 DQ533450 DQ168101 AY362268 NC_008128 AY430223  AY141264 EU638242 
Anura NC_006839 NC_006839 X03104 NM_001089168  NC_006839 EF535914 NM_00109790

0 
NM_00108704
8   

Aphredoderidae NC_004372 NC_004372 DQ028082 DQ168038  NC_004372   DQ021403   
Aplocheilidae NC_011176 NC_011176 DQ533424   NC_011176       
Apteronotidae NC_004692 NC_004692    NC_004692 DQ492427 DQ492315    
Aptychotrema rostrata1      EU795620      
Argyrosomus japonicus1 EU523923 AY225662 DQ533357 EU638107 EU638030 DQ357206 EF095660 DQ874789 EU637942 EU638172 
Ateleopodiformes NC_003179 NC_003179    NC_003179 EU366725     
Atherinidae NC_004386 NC_004386 AY655579 EU638137 EU638067 NC_004386 AY430225  EU637977   
Aulopidae NC_002674 NC_002674 DQ028077 DQ168042  NC_002674 EU366705 DQ874791 EF439259   
Balitoridae NC_001727 NC_001727 BC165500 X80802                  NC_001727 EU711107 DQ366997 EU409636   
Batrachoidiformes NC_006920 NC_006920 DQ533332 DQ168069 AY362246 NC_006920   DQ874822 EU638205 
Belonidae NC_011180 NC_011180 DQ533351 DQ168044 AY362273 NC_011180 AY308771 AY693520 EU036529 EU638184 
Berycidae NC_003188 NC_003188 DQ028088 DQ168045 AY362238 NC_003188 EF095636  DQ197831 EU638174 
Blenniidae NC_004412 NC_004412 AY539279 DQ168097 AY362255 NC_004412   AY141271 EU638237 
Bythitidae NC_004375 NC_004375  EU638130 EU638035 NC_004375   EU637947   
Callorhinchus capensis1 DQ108141     XXXXXX2   EF565167   
Caproidae NC_003191 NC_003191 DQ533343 DQ168048 AY362233 NC_003191 AY308785  AY141262 EU638178 
Carapidae NC_004373 NC_004373 AY539176  EU638058 XXXXXX2 AY308782  DQ021402   
Carcharhinus leucas1 EF609311 L08032     XXXXXX2 U62645  Y17586   
Carcharhinus limbatus1 DQ884979     XXXXXX2 AY462152     
Cephalopholis miniata1 DQ107925 EF213724    XXXXXX2   EF456040   
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 COX1 CYTB H3 IRBP MLL ND4 RAG1 RAG2 Rhod RNF213 
Cephalopholis urodeta1  AY786426   EU638036                  XXXXXX2      
Ceratodontiformes NC_003127 NC_003127    NC_003127  AY442929 EF526298   
Cetomimidae NC_003185 NC_003185    NC_003185      
Chanidae NC_004693 NC_004693    NC_004693 AY430207  AF148142   
Characidae NC_004700 NC_004700    NC_004700 AY430212 AY804053 EU409633   
Chaunacidae NC_004381 NC_004381 DQ533350   NC_004381      
Chelidonichthys capensis1 DQ108041 AB326975 AY539210 DQ168053                   XXXXXX2   EF439099 EU638186                  
Chimaeridae NC_003136 NC_003136    NC_003136      
Chirocentridae NC_006913 NC_006913    NC_006913 DQ912127 DQ912153 AY158051   
Chlorophthalmidae NC_003160 NC_003160 DQ028078  AY362219 NC_003160      
Chrysoblephus gibbiceps1  AF240719          
Chrysophrys auratus1  EF439217    AB124801 EU182627  DQ197878   
Clupeidae NC_009575 NC_009575    NC_009575 DQ912117 DQ912151 EU224142   
Coelacanthiformes NC_006921 NC_006921    NC_006921 AF369069 AF369087 AF131256   
Cottidae NC_004404 NC_004404 AY539227 DQ168121 AY362217 NC_004404   AJ430489 EU638167 
Cyclopteridae NC_008129 NC_008129 AY539251 EU638116 AY362218 NC_008129   EU492176   
Dactylopteridae NC_003194 NC_003194 DQ533358 DQ168059 AY362243 NC_003194   AY141282   
Dasyatis brevis1      XXXXXX2 ABTC89931     
Dasyatis fluviorum1      XXXXXX2 XXXXXX2     
Diplophidae NC_002647 NC_002647    NC_002647 EU366724     
Echeneis naucrates1  AY050763 DQ533366 DQ168062 AY362245 XXXXXX2   AY141315 EU638197 
Elagatis bipinnulata1 EF609345 AY050734   AY362263 XXXXXX2 XXXXXX2   EU638187 
Eleotridae NC_004415 NC_004415 DQ533447   NC_004415      
Elopidae NC_005803 NC005803    NC005803      
Emmelichthyidae EF609348 EF456004 DQ533371   NC_004407 EU182623  EF456054   
Epinephelus coioides1 DQ107873 DQ354156 AY539258 DQ168064 EU638049 EU043376  AY279869 FJ426122 EU638201 
Epinephelus fuscoguttatus1 EU600140 DQ372725    EU043377      
Epinephelus maculatus1      FJ472837      
Esocidae NC_004593 NC_004593    NC_004593 AY380541  AY158044   
Etelis coruscans1  U26961    XXXXXX2 XXXXXX2     
Eugerres axillaris1 AY541643  DQ533372   XXXXXX2 EF095665  EF095623   
Eurypharyngidae NC_005299 NC_005299    NC_005299      
Gadidae NC_002081 NC_002081 DQ028083 DQ168066 EU638050 NC_002081 AF369064  EU492245   
Galaxiidae NC_004594 NC_004594    NC_004594 AY430218  AY158043   
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 COX1 CYTB H3 IRBP MLL ND4 RAG1 RAG2 Rhod RNF213 
Gasterosteidae NC_003174 NC_003174 DQ028089  EU638052 NC_003174 EF033039  EU637962 EU638264 
Gobiesocidae NC_008130 NC_008130 DQ533377  EU638031 NC_008130 XXXXXX2  EU637943   
Gonorynchidae NC_011018 NC_011018    NC_011018 EU409606  EU409632   
Gonostomatidae NC_002574 NC_002574    NC_002574 AY438703  AY141256   
Gymnocranius euanus1      XXXXXX2      
Gymnocranius grandoculis1  AF381275    XXXXXX2      
Helicolenus percoides1 EF609370 NC_003195 AY539184 EU638146 EU638081 NC_003195 XXXXXX2 DQ874787 DQ197858 EU638257 
Hemigaleus microstoma1 EF609372 DQ422075    DQ422044      
Heterodontiformes NC_003137 NC_003137    NC_003137 AY949030     
Hexanchidae EU398837 M91186    XXXXXX2      
Himantura sp.1 EU398859 AB021498    XXXXXX2 ABTC79232      
Hiodontiformes NC_005145 NC_005145    NC_005145 AY430200 AY504841    
Hippoglossus stenolepis1 NC_009710 NC_009710 DQ533442   NC_009710 AF369067 FJ870481 AF156264   
Huso huso1 NC_005252 NC_005252    NC_005252      
Hyperoglyphe antartica1 DQ107611 AB205458 DQ533381 EU638151 AY362269 XXXXXX2 EF095677  EF439348 EU638248 
Hypoptychidae NC_004400 NC_004400 AY539179   NC_004400 AB445176     
Indostomidae NC_004401 NC_004401 DQ533383  EU638057 NC_004401   EU637967 EU638209 
Labridae AP006018 AP006018 AY662886 EU638164 AY362222 AP006018 AY208617 AY279908 EF439121 EU638211 
Lampridae NC_003165 NC_003165  DQ168077  NC_003165 AY308764  DQ197861   
Latris lineata1 AF156246 AF156235    XXXXXX2 XXXXXX2     
Lepidosirenidae NC_003342 NC_003342    NC_003342 AF369058 AY442930 AF137207   
Lepisosteiformes_1 NC_008104 NC_008104    NC_008104  AF369077    
Lepisosteiformes_2 NC_004744 NC_004744     NC_004744      
Lethrinus miniatus1 EF609388 AF381266          
Lethrinus rubrioperculatus1  AF240752 DQ533393         
Lophiidae NC_004383 NC_004383 DQ028085 DQ168037 AY362215 NC_004383 AY308786 FJ219616 AY368324 EU638217 
Lutjanus argentimaculatus1 DQ885025 DQ900672 DQ533398 EU638134 EU638064 AY600305 EU627659 EU627658 EF095620 EU638219 
Lutjanus argentiventris1      XXXXXX2  EU627674    
Lutjanus carponotatus1 EF609395 DQ784754    XXXXXX2      
Lutjanus russellii1 EF609400 DQ784761    EF514208 EU627667     
Lutjanus vitta1 EF609402 DQ900677     EU627669 EU556712    
Makaira nigricans1  EF392595    DQ872418  DQ874778 DQ874810   
Mammalia FJ979865 FJ979865 X57128 M22453 NM_0045

29 
FJ979865 NM_000448 NM_000536 NM_000539 NM020914 



 192 
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Mastacembelidae NC_003193 NC_003193 DQ533401 DQ168084 AY362249 NC_003193   AY141275   
Megalopidae NC_005804 NC_005804    NC_005804 AY430204  AY158050   
Melanotaeniidae NC_004385 NC_004385 AY655547  AY362271 NC_004385 EF095640  AY141267   
Merlucciidae EF609408 DQ197962 DQ533406 DQ168124 EU638068 NC_004377  AY308787  EF427485 EU638227 
Misgurnus anguillicaudatus1 NC_011209  NC_011209      NC_011209  EU711122  AY804103 EU409642   
Mitsukurinidae NC_011825 NC_011825    NC_011825 AF135477     
Mola mola1 NC_005836 NC_005836 DQ533408 DQ168087 AY362251 NC_005836 AY700329  AF137215 EU638225 
Moronidae AY662754 AF240746 AY539255 EU638140 EU638072  AY308767  EU637981 EU638228 
Mugiliformes NC_003182 NC_003182 AY655593 DQ168082 AY362248 NC_003182 EF095639  Y18668   
Muraenidae NC_004417 NC_004417    NC_004417 AY430203  AY862118   
Mustelus antarcticus1 DQ108315 NC_000890    NC_000890 AY462188     
Myctophidae NC_003164 NC_003164 DQ533395  AY362201 NC_003163 AY430221  AY141258   
Myliobatis australis1      XXXXXX2 ABTC82333     
Myliobatis californica1      XXXXXX2 FJ235624     
Myxiniformes_1 NC_002807 NC_002807    NC_002807      
Myxiniformes_2 NC_002639 NC_002639    NC_002639      
Narcine tasmaniensis1 EU398929       AF369084    
Naso unicornis1 NC_009853 AY264660 DQ533412 EU638141 EU638074 NC_009853 EF530093  EU637984 EU638190 
Nemadactylus macropterus1 AF156243 AF067091 AY539269 EU638142 EU638075 XXXXXX2   EU637985 EU638231 
Nemadactylus valenciennesi1  AF067089    XXXXXX2      
Nemipterus furcosus1 EF609413 AB264298 DQ533430   XXXXXX2      
Neoscopelidae NC_003180 NC_003180 DQ533413   NC_003180 EU366727     
Neotrygon kuhlii1 EU398745 EU870496    XXXXXX2 ABTC79231      
Notacanthoidei NC_005144 NC_005144    NC_005144      
Notopteroidei EF609328 AF201602    XXXXXX2 AF369063 AF201653    
Oncorhynchus mykiss1 NC_001717 NC_001717 X01064   NC_001717 U15663 U31670 AF425074   
Orectolobiformes EU398934 EU363745    XXXXXX2 AY949032     
Osteoglossidae NC_010570 NC_010570    NC_010570 AY430201 AY504838 AF137210   
Paralabrax maculatofasciatus1   DQ533427         
Paralichthys californicus1 NC_002386 NC_002386 DQ533428 DQ168119 AY362262   DQ874762 DQ874794 EU638266 
Pastinachus sephen1 DQ108159 AB021505    XXXXXX2 ABTC82862     
Percopsidae NC_003168 NC_003168    NC_003168 AY308766     
Petromyzontiformes NC_001626 NC_001626    NC_001626   AB116382   
Pholidae NC_004410 NC_004410  DQ168100 AY362285 NC_004410   AY141298 EU638241 
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 COX1 CYTB H3 IRBP MLL ND4 RAG1 RAG2 Rhod RNF213 
Platax teira1 DQ107756  DQ533348    EF530083 AY279871    
Plectorhinchus 
chaetodonoides1  

DQ197979 AY539266 
 

AY362230  EF095661 AY279872 DQ197881 EU638246 

Plectropomus leopardus1 DQ107921 AY963556   EU638078  DQ101270 XXXXXX2     
Poeciliidae NC_009125 NC_009125 DQ533385 DQ168102 AY362203 NC_009125 EF017411  AY296735 EU638243 
Polymixiiformes_1 NC_002648 NC_002648 DQ533436 DQ168104 AY362208 NC_002648 AY308765  AY368320   
Polymixiiformes_2 NC_003181 NC_003181 AY539175   NC_003181      
Polyodontidae       AF369057 AF369075 AF369050   
Polyprion americanus1 DQ107914 EF392605 DQ533437   XXXXXX2 XXXXXX2  EF427493   
Polypteriformes NC_001778 NC_001778    NC_001778 AF369055 AF369072    
Pristidae EU398986 D50024          
Pristiophoriformes DQ108204  D50025    XXXXXX2      
Pristipomoides 
argyrogrammicus1 

DQ885044  DQ533440 
  

XXXXXX2 XXXXXX2 
    

Proscymnodon plunketi1 DQ108219 EF090945    XXXXXX2      
Pseudobalistes fuscus1 NC_011939 NC_011939 DQ533342 DQ168095  NC_011939 AY700314 DQ874786 EU108856 EU638233 
Pseudocaranx dentex1 EF609442 EF392607 DQ533344   XXXXXX2 EU477492  DQ197887   
Pteroplatytrygon violacea1      XXXXXX2 XXXXXX2     
Ptotopteridae NC_001708 NC_001708    NC_001708 AF369070 AF369086 AF369054   
Rajidae NC_00893 NC_000893    NC_000893   U81514   
Regalecidae NC_009948 NC_009948 DQ533448 DQ168109 AY362266 NC_009948 EF107625  AY368328 EU638252 
Rhinobatos typus1 EU398997 D50023    EU282427 ABTC79227     
Rhinoptera bonasus1 DQ108133     XXXXXX2 AY949029     
Rhyacichthyidae NC_004414 AB021257    NC_004414      
Saccopharyngidae NC_005298 NC_005298    NC_005298      
Salmo salar1 NC_001960 NC_001960 BT043630   NC_001960 XXXXXX2  AY214132   
Scarus ghobban1 NC_011599 NC_011599 AY662883 DQ168112 AY362212 NC_011599 EF095675 AY279952 EF095633 EU638254 
Sebastes capensis1 NC_005450 DQ678420 AY539185 DQ168114  NC_005450 EF095642 DQ678722 EF212410 EU638258 
Seriola hippos1 EF609459 EF439585     XXXXXX2      
Seriola lalandi1 EF609460 AB269267    XXXXXX2   EF439319   
Seriola rivoliana1  EF439235    XXXXXX2   EF427513   
Siluriformes NC_004697 NC_004697    NC_004697 DQ492458 DQ492389 AF028016   
Solea solea1 NC_008327 DQ198003  DQ168117 AY362275  EF095644  EU638009 EU638223 
Sparidentex hasta1  AF240734          
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Sphoeroides annulatus1 NC_010960 NC_010960  DQ168076 AY362221 NC_010960 AY308795  EF427517 EU638212 
Squalidae NC_002012 NC_002012 AF112370   NC_002012      
Squatiniformes DQ108193  D50020    XXXXXX2      
Stephanoberyciformes_2 NC_012046 NC_012046 DQ028087 DQ168041 EU638087 NC_012046   AY368327   
Sternopygidae NC_004701 NC_004701    NC_004701 DQ492426 DQ492314    
Synbranchidae NC_003192 NC_003192 DQ533410 DQ168088 AY362252 NC_003192   AY141276 EU638226 
Syngnathidae NC_010272 NC_010272  EU638126 AY362216 NC_010272 FJ905776  AY368330 EU638232 
Taeniura meyeni1  AF110630    XXXXXX2 XXXXXX2     
Tetrapterus audax1 DQ107617 DQ882017    DQ872421   DQ080346   
Tetrapterus belone1  DQ882010    DQ872422      
Thunnus albacares1 DQ835945 NC_005317  DQ168113  NC_005317  DQ874771 DQ874803   
Triakis megalopterus1  DQ422089    DQ422058 AY462191     
Trygonoptera mucosa1 EU399061     EU795632      
Umbridae NC_004592 NC_004592    NC_004592 AY380549  AY158047   
Urobatis halleri1  AF110624    XXXXXX2      
Urolophus cruciatus1 DQ108142 U27265    XXXXXX2 ABTC69572     
Verasper variegatus1 NC_007939 NC_007939    NC_007939      
Xiphias gladius1 DQ107623 EU224088 DQ533480 EU638163 EU638098  XXXXXX2 DQ874779 DQ874811 EU638276 
Zeidae NC_003190 NC_003190 DQ028086 DQ168128 AY362287 NC_003190 AY308778  Y14484 EU638279 
Zeniontidae NC_004397 NC_004397  EU638124                  EU638054 NC_004397      
Zoarcidae NC_004409 NC_004409 AY539271 EU638136 EU638066 NC_004409   EU491979   

1Fish species that host capsalid parasites studied 
2Sequenced in this study 
COX1 – Cytochrome Oxidase 1 
CYTB – Cytochrome Oxidase B 
H3 – Histone 3 
IRBP – Interphotoreceptor retinoid-binding Protein 
MLL – Mixed lineage leukemia 
ND4 – NADH dehydrogenase subunit 4 
RAG1 – Recombination Activating Gene 1 
RAG2 – Recombination Activating Gene 2 
Rhod – Rhodopsin 
RNF213 – anonymous nuclear protein coding gene 
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APPENDIX XII 

 

Table of fossil calibrations, cladogram of phylogenetic relationships presented in 

Nelson (2006) and justification for constraints used in molecular phylogenetic 

anlyses of fish data in Chapter V. 



 196 

Table 1. Fossil Calibrations dates for molecular dating analyses of RAG-1 fish 

data 

Node Constraint (mya) 
Upper Lower 

1  L4182 
2  L1832 
3  L1672 
4  L1552 
5  L1512 
6  L1252 
7 U350 L3302 
8 U392 L3451 
9  L2841 
10  L1511 
11  L1301 
12  L1361 
13  L1461 
14  L1121 
15  L901 
16  L571 
17  L501 
18  L741 
19  L941 
20  L981 

1See Table 2 of Azuma et al. 2008. 
2See Appendix of Underwood et al. 2006. 

 

 

Justification for constraints used in molecular phylogenetic analyses of the fish 

data: 

Cyclostome is the term used for the living jawless fishes (hagfishes and lampreys) 

however many paleontologists and morphologists consider this to be a paraphyletic 

group (Lovtrup 1977; Janvier 1996b; Gursoy et al. 2000). However, molecular 

evidence has supported monophyly (Kuraku et al. 1999; Mallatt et al. 2001; Delarbre 

et al. 2002; Takezaki et al. 2003). The purpose of this study was not to explore this 

issue and so our constraint supports paraphyly as presented in Nelson (2006). Further 

information on this debate can be found in Janvier (2008). 

Characters supporting monophyly of the Chondrichthyes are numerous 

(Jamieson 1991; Didier 1995; Janvier 1996b; Maisey 2001) with two key 

synapomorphies being the prismatic endoskeletal calcification and pelvic claspers 

(Grogan and Lund 2004). The Batoidea has traditionally been considered a derived 
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crown group of the Selachii (de Carvalho 1996; McEachran et al. 1996; Shirai 1996). 

However, recent molecular phylogenies differ placing the origins of the Batoidea 

from stem neoselachians and having no close relationship with the Selachii (Douady 

et al. 2003; Maisey et al. 2004; McEachran and Aschliman 2004; Winchell et al. 

2004) and it has been concluded that this fits more closely the known neoselachian 

fossil record than do morphological phylogenies. Monophyly of the two subdivisions 

is also considered well established (Nelson 2006). Therefore, we constrain the 

Batoidea and Selachii to be sister groups and each monophyletic.  

We have used the term Sarcopterygii to describe a monophyletic group that 

includes the tetrapods and have constrained it to be monophyletic and sister to the 

Actinopterygii following Wiley (1979), Rosen et al. (1981), Nelson (1994), Cloutier 

and Ahlberg (2001) and Nelson (2006). There has been extensive examination of this 

group in Long (1995), Janvier (1996b), Maisey (1996), Schultze and Cloutier (1996), 

Ahlberg (2001) and Clack (2002). While not diagnosed by a strong set of derived 

characters, the Actinopterygii is still considered to be monophyletic. Diversification 

of this group has been reviewed by Lauder and Liem (1983) and also revised by 

Cloutier and Arratia (2004). A monograph with anatomical drawings with an 

emphasis on the Actinopterygii is provided by Springer and Johnson (2004). As 

such, we constrain the Actinopterygii to be monophyletic. The Acipenseriformes and 

Polypteriformes are constrained as sister to the neopterygii based on work by 

Venkatesh et al. (2001) and recent support from Britz and Bartsch (2003) and Nelson 

(2006). There is general agreement that the Neopterygian fishes are monophyletic 

but much uncertainty remains on relationships with the group (Grande and Bemis 

1998; Arratia 2004; Nelson 2006) and so we have constrained monophyly in our 

analyses. The Teleostei is also considered to be a monophyletic group but there is 

disagreement over its boundaries. de Pinna (1996) described 27 anatomical 

synapomorphies to support monophyly of the group to the exclusion of the 

Amiiformes and Lepisosteiformes. Summaries of recent works are available in 

Arratia (1997, 1999, 2004). We have therefore constrained the Teleostei to be 

monophyletic to the exclusion of the Amiiformes and Lepisosteiformes.  
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Figure 1. Cladogram representing relationships of the 62 orders of fishes and 

including the Tetrapoda as presented in Nelson (2006). 
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