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Abstract Two new species of Phyllodistomum Braun, 1899 are described from the urinary bladder of fishes of the Great Barrier Reef. Phyllodistomum hoggettae n. sp. is described from Plectropomus leopardus (leopard coralgrouper) (Serranidae) and P. vaili n. sp. is described from Mulloidichthys vanicolensis (yellowfin goatfish) and M. flavolineatus (yellowstripe goatfish) (Mullidae). These species are compared with 26 previously described marine Phyllodistomum species and found to be distinct in combinations of body shape, sucker ratio and shape of the gonads. Preliminary molecular data also demonstrate that they are distinct from each other and for those other species for which data are available. Key words: Gorgoderidae, Serranidae, Mullidae, Great Barrier Reef, Phyllodistomum hoggettae, Phyllodistomum vaili, Plectropomus, Mulloidichthys



Introduction The recent molecular phylogenetic analysis of the Gorgoderidae Looss, 1899 by Cutmore et al. (2013) recognised three subfamilies, the Anapporrhutinae Looss, 1901 which infect marine elasmobranchs and turtles, the Degeneriinae Cutmore, Miller, Curran, Bennett & Cribb, 2013 which infect deep-sea teleosts, and the Gorgoderinae Looss, 1899 which infect amphibians and marine and freshwater teleost fishes. Within the Gorgoderinae, Phyllodistomum Braun, 1899 is by far the largest genus, containing over 110 species (Kudinova 1994). Indeed, according to Cribb et al. (2002), Phyllodistomum is one of the two largest genera of trematodes. Species of Phyllodistomum are usually parasites of the urinary bladder of fishes but they occasionally infect amphibians and reptiles (Wanson & Larson 1972) and have also been reported from the swim bladder (Bashirullah & Islam 1970) and ovary (Lebedev 1970). As recently reviewed by Campbell (2008), species of the genus are characterised by having a more-or-less foliate hindbody, blind caeca, two testes, the uterus strongly developed in the hindbody but not in the forebody, and a slender excretory vesicle. Species of Phyllodistomum occur in a wide range of both marine and freshwater fishes. Only one Phyllodistomum species has been described in Australian waters; Phyllodistomum magnificum Cribb, 1987 was found in three families of Australian and New Zealand freshwater fishes (Cribb 1987a). Formally identified species of just two genera of gorgoderines have been reported from marine fishes in Australian waters. Cetiotrema crassum Manter, 1970 was reported from the southern bluefin tuna, Thunnus maccoyii (Castelnau), by Manter (1970) and three species of Xystretrum Linton, 1910 have been reported from triggerfishes and sailfish (Manter 1972; Speare 1995). Cutmore et al. (2013) incorporated five unnamed marine species of Phyllodistomum in a molecular phylogenetic analysis of the Gorgoderidae. Here we describe two of these species from the urinary bladders of fishes of the Great Barrier Reef for which there is sufficient morphological material to enable a description.
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Material and methods Fish were collected by line or spear from waters off Lizard Island on the northern Great Barrier Reef. The fish were killed by neural pithing and examined for trematodes. Trematodes were collected, fixed and preserved as described by Cribb & Bray (2010). Specimens were stained with Mayer’s haematoxylin, destained in HCl, neutralized in ammonia solution, dehydrated through a graded series of alcohols (including straightening of the body under light coverslip pressure once 70% alcohol was reached), cleared in methyl salicylate and mounted on slides in Canada balsam. Drawings were completed using an Olympus BH-2 compound microscope and a drawing tube. Measurements were made using a SPOT Insight™ digital camera (Diagnostic Instruments, Inc) mounted on an Olympus BH-2 compound microscope using SPOT™ imaging software. All measurements are in micrometres and are given as the range followed by the mean in parentheses. Where length is followed by breadth, the two measurements are separated by ‘×’. Fish identities follow current, recognised names based on FishBase (Froese & Pauly 2013). Type specimens have been deposited in the Queensland Museum (QM), South Brisbane, Queensland 4101, Australia.



Results Phyllodistomum Braun, 1899 Phyllodistomum hoggettae n. sp. (Fig. 1, 3) Syn. Phyllodistomum sp. 1 of Cutmore et al. (2013)



Type-locality: Off Lizard Island, northern Great Barrier Reef (14°40'S 145°27'E). Type-host: Plectropomus leopardus (Lacepède), Leopard coralgrouper (Perciformes: Serranidae). Site in host: Urinary bladder. Prevalence: 4 of 5 (80%). Type material: Holotype QM G234189; Paratypes QM G234190–234203. Etymology: This species is named for Dr Anne Hoggett, Co-Director, with Dr Lyle Vail, of the Lizard Island Research Station and a strong supporter of our work over many years. Description: (Measurements are of 17 gravid, unflattened specimens) Body spatulate, 3,483–4,765 (4,140) × 968–1,855 (1,506). Forebody narrow and tapering, 862–1,552 (1,064) long, occupying 20.9–33.3 (25.7)% of total body length. Hindbody discoid, with 7–9 pronounced marginal undulations on each side of hindbody; marginal undulations produced by distinct lateral muscular loops, most pronounced in largest specimens. Body length to width ratio 1: 2.39–3.60 (2.79). Oral sucker opening subterminally, 280–445 (330) × 280–411 (305). Pharynx absent. Intestinal bifurcation midway between oral and ventral suckers. Ventral sucker distinctly larger than oral sucker, 368–554 (433) × 364–518 (440). Oral sucker to ventral sucker width ratio 1: 1.12–1.71 (1.46). Oesophagus 101–485 (264) long. Caeca simple, blind tubes terminating 395–812 (589) from posterior extremity. Testes slightly lobed, oblique, in mid-body; anterior testis 155–341 (276) × 91–390 (256); posterior testis 179–457 (308) × 152– 544 (284). Genital pore median, 39–376 (142) anterior to ventral sucker. Seminal vesicle bipartite, extends from slightly posterior to anterior margin of ventral sucker to about midway between intestinal bifurcation and ventral sucker, directly dorsal to genital pore; posterior chamber large, running anteriorly then constricting to smaller ventral anterior chamber. Prostatic chamber and surrounding cells ventral to anterior chamber of seminal vesicle. Ovary entire, sub-circular, sinistrally posterior to ventral sucker and anterior to testes, 78–331 (205) × 65–230 (160). Vitelline lobes entire and almost round; left lobe immediately anterior to ovary, posterior to ventral sucker, 124–275 (175) × 72–214 (124); right lobe 107–286 (191) × 55–224 (126). Laurer’s canal not detected. Uterus intracaecal in hindbody, in extensive coils extending just posterior to ends of intestinal caeca. Eggs 36–57 (49) × 21–33 (29). Excretory vesicle tubular; anterior extent obscured by uterus in all specimens. Excretory pore dorsal, midway between posterior extremity and ends of caeca.
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FIGURES 1–2. 1. Phyllodistomum hoggettae n. sp. from Plectropomus leopardus, ventral (Holotype QM G234189). 2. Phyllodistomum vaili n. sp. from Mulloidichthys vanicolensis, ventral (Holotype QM G234219). Scale bars: 1, 1 mm; 2, 500 µm.
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FIGURES 3–4. 3. Phyllodistomum hoggettae n. sp. from Plectropomus leopardus, terminal genitalia (Paratype QM G234194). 4. Phyllodistomum vaili n. sp. from Mulloidichthys vanicolensis, terminal genitalia (Paratype QM G234221). ACSV—anterior chamber seminal vesicle; GP—genital pore; PCSV—posterior chamber seminal vesicle; PP—pars prostatica; U—uterus. Scale bars: 1,2 100 µm.



Phyllodistomum vaili n. sp. (Fig. 2, 4) Syn. Phyllodistomum sp. 3 of Cutmore et al. (2013)



Type-locality: Off Lizard Island, northern Great Barrier Reef (14°40'S 145°27'E). Type-host: Mulloidichthys vanicolensis (Valenciennes), Yellowfin goatfish (Perciformes: Mullidae). Other host: Mulloidichthys flavolineatus (Lacepède), Yellowstripe goatfish (Perciformes: Mullidae). Site in host: Urinary bladder. Prevalence: M. vanicolensis 2 of 2 (100%); M. flavolineatus 10 of 11 (91%). Type material: Holotype QM G234219; Paratypes QM G234220–234233. Etymology: This species is named for Dr Lyle Vail, Co-Director, with Dr Anne Hoggett, of the Lizard Island Research Station and a strong supporter of our work over many years. Description: (Measurements are of 14 gravid, unflattened specimens) Body spatulate, 1,498–2,303 (1,841) × 409–681 (549). Forebody narrow and tapering, 515–881 (686) long, occupying 35.1–39.3 (37.2)% of body length. Hindbody with 4–6 relatively weak marginal undulations on each side; marginal undulations produced by distinct lateral muscular loops, most pronounced in largest specimens. Body length to width ratio 1: 2.85–3.85 (3.37). Oral sucker opening subterminally, 137–208 (164) × 128–201 (155). Intestinal bifurcation midway between oral and ventral suckers. Ventral sucker usually slightly smaller than oral sucker, 119–183 (145) × 95–175 (141). Oral sucker width to ventral sucker width ratio 1: 0.74–1.12 (0.91). Pharynx absent. Oesophagus 147–376 (234) long. Caeca simple, blind tubes terminating 124–516 (225) from posterior extremity. Testes almost entire and smooth but with occasional slight indentations, oblique, in mid-body; anterior testis 80–192 (143) × 60–183 (122); posterior testis 67–211 (150) × 61–175 (127). Genital pore median, 49–191 (103) anterior to ventral sucker. Seminal vesicle saccular, bipartite, extends from dorsal to ventral sucker to directly dorsal to genital pore; posterior chamber large, running anteriorly then constricting to smaller more ventral anterior chamber. Prostatic chamber and surrounding cells ventral to anterior chamber of seminal vesicle. Ovary subcircular, almost entire but with occasional small indentations, postero-sinistral to ventral sucker and anterior-sinistral to testes, 51–155 (101) × 49–132 (81). Vitelline lobes entire with slightly irregular outline; left lobe immediately posterior to and occasionally overlapped by ovary, 52–93 (74) × 51–83 (54); right lobe 49–125 (78) × 33–81 (53). Laurer’s canal not detected. Uterus almost entirely intracaecal in hindbody, in extensive coils extending just posterior to ends of intestinal caeca. Eggs 27–50 (41) × 14–29 (22). Excretory vesicle tubular; anterior extent obscured by uterus in all specimens. Excretory pore dorsally subterminal, close to posterior end of body.
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Discussion From comprehensive examination of the described species of Phyllodistomum we found 26 that can be considered parasites of marine fishes. The status of marine or freshwater is generally obvious on the basis of where the parasites were found, but in the case of a few species the distinction is not entirely clear. Long & Wai (1958) described P. bai Long & Wai, 1958 as a freshwater species but from a tetraodontid fish (Takifugu ocellatus (Linnaeus)), a family whose species are usually marine but include brackish and freshwater species. Cribb (1987b) noted that this species resembles species of Pseudophyllodistomum Cribb, 1987, a genus known only as parasites of freshwater fishes, and it thus appears likely that this is a freshwater species in a marine host rather than a marine species in freshwater. Phyllodistomum lewisi Srivastava, 1938 is also problematic having been reported from freshwater but partly in families (Belonidae and Mugilidae) that are predominantly marine (Srivastava 1938; Fotedar 1969; Rekharani & Madhavi 1985). For completeness, this species has been included in our comparisons. Finally, P. pearsei Holl, 1929 was described from and subsequently re-reported from North American freshwater centrarchids (Holl 1929; Fiorillo & Font 1996) but also from marine belonids from China (Ku & Shen 1965; Shen 1990); we do not consider the marine records credible for this species because of the ecological and habitat discrepancy and exclude them from this comparison. Given the clear ecological distinction between the marine and the freshwater habitat and the fact that Cutmore et al. (2013) have shown that marine species of Phyllodistomum form a distinct clade relative to several clades of freshwater species, it is with these apparently marine species that the present species are compared. The 26 species of Phyllodistomum that can presently be considered marine are listed in Table 1. We recognise three distinct groups of marine species of Phyllodistomum. Group A comprises just P. psettodi Parukhin, 1966 which is distinctive in having the forebody occupy over half the body length; in no other species does the size of the forebody approach such proportions. Group B comprises six strikingly elongate species in which the length/width ratio reaches or exceeds 4.00—P. marinum Layman, 1930, P. mugilis Knoff & Amato, 1992, P. notosinicum Lebedev, 1970, P. sampaioi Travassos, Kohn & Silva Motta, 1963, P. strictum Oshmarin, 1965 and P. thunni Baudin-Laurencin & Richard, 1973. Group C comprises 19 species in which the forebody is relatively short and the length width ratio of adults does not exceed 4.00. The two new species described here both belong to Group C. Key morphological features of the 19 existing and two proposed new species of this group are listed in Table 2. Phyllodistomum hoggettae n. sp. is far smaller than P. acceptum, P. lancea, P. leilae, P. marinae, P. parukhini, P. sobolevi, P. thalassomum and P. unicum which all have minimum recorded lengths of at least 5.4 mm. It is far more elongate than P. borisbychowskyi, P. centropomi, P. lewisi, P. mamaevi, P. mirandai, P. scrippsi, P. sobolevi, P. tongaatense, P. trinectes and P. unicum which all have length/width ratios of 
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