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Abstract 

Osteology, Phylogeny and Biogeography of Parioglossus 

(Perciformes, Gobioidei) 

Rui Wang, Department of Zoology, M. Sc., 200 1, University of Toronto 

Pariogiossus (Percifoms, Gobioidei) is a group of small fishes that inhabits warm 

temperate to tropical regions of the western Pacific and Indian Oceans. Sixteen species 

and one undescribed species (P. sp A) were identified during this study. The taxonomy, 

extemal characters, osteology, phylogeny and biogeography of the genus were 

investigated. A panimony analysis of the 17 species generated three most parsimonious 

trees. AI1 trees support the following relationships between species: (((((P. dotui, P. 

neocaledonicus) P. nudus) P. marginalis) P. lineatus) P. triguetrus); which is the sister 

group of ((P. nudus, P. sp A) P. philippinus); the grouping of ((P. inferruptus. P. 

palus~ris) P. taeniatus); their relationship with P. raoi and P. sinensis is unresolved; P. 

verticaiis is the sister species of al1 other ingroup taxa. A biogeographical analysis of the 

genus suggests that western-Pacific was not the centre of origin, but rather has 

overlapping biotas fkom di fferent areas. 
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CHAPTER 1. INTRODUCTION: 

The gobioid fish genus Parioglossus (Teleostei: Gobioidea) was erected by Regan 

(1 9 1 2) for the type species P. taeniatus, and now has 16 recognized species. Most of 

these species inhabit w m  temperate to tropical regions of the western Pacific and Indian 

Oceans, north to southem Korea (Kim and Han, 1993), south to southem Australia, West 

to Madagascar and east to Fiji (Rennis and Hoese, 1985). Only P. taeniatus, P. 

philippinus and P. moi are distnbuted in both the western Pacific and the Indian Oceans. 

Members of the genus are normally found around the roots of mangroves, or around 

algae in estuaries and coastal coral reefs. Seven of the 16 species (P. formosur, P. nudus, 

P. palustris, P. philippinus, P. rainfordi, P. raoi and P. taeniatus) appear to be 

geographically widespread (Rennis and Hoese, 1985). One species seems to be confined 

to fresh water (P. neocaledonicus; Dingerkus and Séret, 1992). 

Tomiyama (1958, 1959) reviewed the genus and recognized four species (P. 

taeniatus Regan 1 9 1 2, P. rain fordi McCulloch, 1 92 1, P. borneensis Koumans, 1 95 3 and 

P. ddui Tomiyama, 1958). Miller (1971) studied the systematic position and occurrence 

of Parioglossus in Lndian waters and recognized the same four species as Tomiyama. He 

also found that the number of soft rays of the second dorsal fin and anal fin had little 

value for species definition. He pointed out the possibility that al1 the four nominal 

species could be color phases of a single species, perhaps linked with sexual dimorphism 

in nuchal ridge and degree of elongation of first dorsal fin developrnent. Remis and 

Hoese (1985) revisited the genus, recognized 14 species (including six new species and 

one undescnbed as P. sp), detailed the synonyms, general morphology of the genus and 

osteology of some species, including the diagnoses, descriptions, distributions, 



cornparisons, and photographs of each species, and provided a key to the species. 

Parioglossus borneensis Koumans 1953 as viewed by Tomiyama (1 958,1959) and 

Miller (1 97 1 ) was regarded by Rennis and Hoese (1 985) as a synonym of P. palustris. 

Rennis and Hoese (1 985) also discussed the similarities between Parioglossus and related 

genera in the subfamily Ptereleotrinae. Since then, two additional new species have been 

described: P. neocdedonicus Dingerkus and Séret, 1992 and P. sinensis Zhong, 1994. 

The P. sp of Rennis and Hoese was subsequently described as P. interruptur by Suzuki 

and Senou (1994). They compared their new species with other described species, and 

also provided a key to the genus. Suzuki et al. (1 994) reviewed the species of 

Purioglossus in Japan (including their distribution), and provided a key to the Japanese 

species. They also reported another untiescribed species found in Iriomote, Japan, which 

diffen from al1 other species in the genus by having three fin rays in the pelvic fin (al1 

other species have four fin rays). No specimens of this undescribed species were 

available for this study, and it was not included in the ingroup taxa. Another undescribed 

species came to light as a result of this study, which was also found in Japan. To avoid 

confusion with the P. sp of Rennis and Hoese (1985) and that of Su& et al. (1994), it 

will be referred to as P. sp A. 

Parioglossus belongs to the suborder Gobioidei, order Perciformes. Most gobies 

are small in size and exhibit numerous specializations, ofien through degeneration of 

osteological structures (Miller, 1986; Akihito et al., 2000b). The systematics of Gobioidei 

has long proved problematical. The suborder contains about 270 genera and some 2,500 

species (Winterbottom, per. comm.) and was fint adequately defined by Regan (191 1). 

Regan used osteological features and recognized three families: Eleotridae, Gobiidae 



(include two subfamilies: Gobiinae and Periophthalminae) and Psamrnichthyidae. In the 

last 30 years, gobioids have been variously classified into farnilies and subfarnilies 

(Miller, 1973; Hoese, 1984; Akihito et al., 1984; Hoese and Gill, 1993; Pezold, 1993; 

Nelson, 1994; Akihito et al., 2000b, see Table 1). Over the years, numerous taxa were 

proposed as potential sister group of Gobioidei. Winterbottom (1 993) studied the 

osteology and extemal morphology of both gobioid fishes and non-gobioid fishes. He 

stated that the monophyly of Gobioidei was supported by more than 20 apomorphies, and 

noted that more characten might prove to be gobioid apomorphies once successive sister 

groups for the group had been established. The study suggested that there were three taxa 

that might serve as the potential sister groups of the Gobioidei (the gobiesocids, the 

trachinoids and hoplichthyids). However, the study did not propose an appropriate sister 

group for Gobioidei. 

The taxonomie position of Purioglossuî within gobioids has also been 

problematical. It was Arst placed in the family Elcotridae, because of the separate pelvic 

fins (Regan, 191 1). Miller (1 97 1) studied the systematic position of the genus and, based 

on the following characters, placed it in the Gobiidae: unossified suspensonal foramen 

(bounded by s ymplectic, quadrate, and preopercular); upper and lower caudal radials 

(dorsal and ventral procurrent cartilages); single pterygoid element in the palatoquadrate 

arch (however, in fact, as most gobiids, they have both an ecto- and a meta-pterygoid, 

Miller's drawing (1971, figure 1 A) also shows they have two pterygoid elements); 

markedly T-shaped palatine head; rduced coracoid; five branchiostegal rays; and only 

one epural in the caudal skeleton. He also pointed out that Porioglossus was most closely 

related to Ptereleotris Gill, Oxymetopon Bleeker, and Ioglossus Goode and Bean. Later 



(Miller, 1973), he posited that the genus belonged to the subfamily of Gobiinae. Akihito 

et al. (1984) supported this classification. Hoese (1984), in contrast, placed the genus in 

the family Microdesmidae, subfamily Ptereleotrinae. He stated that the family 

Microdesmidae consisted of two subfamilies, Microdesminae and Ptereleotrinae. The 

ptereleotnnes possessed the following plesiomorphic features: maxilla more or less L- 

shaped, with a very short imer process articulating medially with lateral ethmoid; usually 

separate pelvic fins, without an interspinal membrane. A synapomorphy of this group is 

that they have a very long posterior pelvic process. Other specializations (not unique) 

included the strongly compressed head and body, with lateral eyes; 5 branchiostegal rays; 

one epural; dorsal postcleithrum and mesopterygoid absent. Trends in the group included 

reduction of pelvic rays, the tendency for the scales to become nonimbricate, and the 

development of a very long-based second dorsal fin. Hoese (1984) hypothesized that this 

group was monophyletic based on the following supposedly derived characters: mouth 

almost vertical; articular process of premaxilla absent or fùsed with ascending process; 

and a single pterygiophore preceding the fint hemal spine. 

Hoese's classification was challenged by Harrison (1989), Smith and Thacker 

(2000) and Thacker (2000). Hamison (1989) studied the specialization of the gobioid 

palatoquadrate complex and its relevance to gobioid systematics. He also discovered that 

one of Hoese's most important characters, the "very long posterior pelvic process" does 

not, in fact, occw in the microdesmine genera Cerdale and Microdesrnus. He pmposed 

M e r  distinctions between the two supposed subfamilies based on the form of the 

maxilla and the palatoquadrate complex. Smith and Thacker (2000) studied late-stage 

larvae and the systematics of the Microdesmidae (excluding the Ptereleotrinae). They 



recognized five genera of  microdesmids, including only the genera in the traditional 

subfamily Microdesminae, Cerdule, Cfarkichthys, Microdesmus, Gunnellichthys and 

Parngunnellichthys. Thacker (2000) studied the phylogeny of this group (the wormfishes 

or Microdesmidae). She found that the chanicters previously used as evidence for a sister- 

taxon relationship between Microdesminae and Ptereleotrinae (also including five 

genera) in an expanded Microdesrnidae were invalid and that there were no new 

characters to indicate a relationship between Hoese's microdesrnid subfarnilies. Therefore 

she stated that the Ptereleotrinae wananted a separate farnily (Ptereleotridae) and because 

it did not share a cornmon ancestor with the now restmcted Microdesmidae. Akihito et al. 

(2000a), used mitochondrial DNA cytochrome b gene sequences to study the phylogeny 

of gobioid fishes among the gobioid genera they examined. They discovered that 

Ptereleotris (representing the Ptereleotnnae) and Gunnellichthys (representing the 

Microdesminae) are most closely related to each other (with Kraemeriu representing the 

family Kraemeriidae, as their sister group). This supports the classification of Hoese 

(1984). Thus, the taxonomie position of both the Microdesminae and the Ptereleotrinae is 

still problematical. Because these issues have little to do with the validity of the 

monophyly of Ptereleotrinae, they are beyond the focus of this thesis. 

Pariogfossus is diagnosed by: separate pelvic fins, somewhat compressed head 

and long, terete body; oblique, protractile mouth, small body scales (except P. nudus, 

which has no scales), ventral margin of gill opening to just below pectoral fin base, and 

spinous portion of second dorsal and the anal fins consisting of one spine. The genus 

shows aflïnity with Ptereleohis Gill, Oxyntefopon Bleeker, Ioglossus Bean and 

Nemateleofris Fowler, with the closest relative being Ptereleotris (Miller, 197 1 ;  Rennis 



and Hoese, 1985, 1987). Thus, Pterefeotris and Nentateleohis were selected as outgroup 

taxa, including three species: Ptereleotris hanae, Ptereleotris microlepis and 

Nematefeotris magnijca. 

To date, no hypothesis of phylogeny has been proposed for the species of 

Parioglossw. The members of the group are very similar in meristic and morphological 

values. Some featwes, such as the number of head pores, differ drarnatically between 

individuals within species. One of the most important characters used to distinguish 

between the species is body coloration. Since these fishes are very small in size (with a 

maximum reported standard length of 40 mm for P. marginalis), they are usually 

neglected both as a potential fishery source and by collectors (Smith, 1958; Miller et al., 

1980). Hence. the rarity of these fishes in collections has made even their routine 

taxonomy difficult. It has been suggested that osteological characters of gobioid fishes 

may be useful in classification (Regan, 191 l), as these characters tend to be more stable 

than extemal morphology and coloration. The usehilness of gobioid osteology in 

classification was readily accepted and subsequently amplifieci (Springer, 1983; 

Birdsong, 1975; Birdsong et al., 1988; Winterbottom, 1993), and has been applied to the 

classification of many other groups of fishes (e.g. Doyle, 1998b; Yang and Winterbottom, 

1998). The main thrust of this thesis is the comparative of the osieology of the species of 

Parioglossw to denve a hypothesis of their interrelationships. 



Table 1. Classification of families and subfamilies in Gobioidei in the last 30 years: 

Miller (1973) 

Hoese (1984) 

Akihito et al. 

(1984) 

Hoese and Gill 

(1 993) 

Pezo Id ( 2 993) 

Nelson ( 1 994) 

2 families (7 subfamilies) 

Gobiidae (Eleotrinae, Pirskeninae, Xenisthminae, Gobionellinae, 

Tridentigerinae, Gobiinae, Kraemeninae), Rhyacichthyidae 

6 families (6 subfmilies) 

Gobiidae (Oxudercinae, Arnblyopinae, Sicydiinae, Gobiinae,) 

Eleotrididae, Kraemenidae, Microdesmidae (Microdesminae, 

Ptereleotrinae), Rhyacichthyidae, Xenisthmidae 

3 fiunilies (2 subfmilies) 

Gobiidae (Eleotridinae, Gobiinae), Gunnellichthyidae, 

Rh yacichthyidae 

6 families (5 subfamilies) 

Gobiidae (Butinae, Eleotrinae, Gobiinae), Kraemeriidae, 

Microdesmidae (Microdesminae, Ptereleotrinae), Odontobutidae, 

Rhyacichthyidae, Xenisthmidae 

2 superfamilies (6 families (5 subfamilies)) 

Rhyacichthyoidea ( Rhyacichthyidae) 

Gobioidea {Eleotrididae, Gobiidae (Amblyopinae, Gobiinae, 

Gobionellinae, Oxudercinae, Sicydiinae), Kraemenidae, 

Microdesmidae, Xenisthrnidae) 

8 families (9 subfamilies) 

Eleotridae (Butinae, Eleotrinae), Gobiidae (Oxudercinae, 

Arnblyopinae, Sicydiinae, Gobionellinae, Gobiinae), Kraemenidae, 



Microdesrnidae (Microdesminae, Ptereleotrinae), Odontobutidae, 

Akihito et al. 

(2000b) 

Rhyacichthyidae, Schindleriidae, Xenisthmidae 

8 families (4 subfamilies) 

Eleotridae (Butinae, Eleotrinae), Gobiidae, Kraemeriidae, 

Microdesmidae (Microdesminae, Ptereleotrinae), Odontobutidae, 

Rhyacichthyidae, Schindleriidae, Xenisthmidae 



CHAPTER 2. MATERIALS 

Materials exarnined are listed alphabetically by species for the ingroup, followed 

by the outgroup species, also listed alphabetically. Abbreviations for collections follow 

Leviton et al. (1985). For each species, the following order i s  followed: catalogue 

number, type status (where applicable), number of specimens and standard length (S L) in 

millimeters (in parentheses), number of specimens cleared and stained and their standard 

length in millirneters (in parentheses), latitude, longitude, depth (where available), 

collection date and collector. Most specimens were cleared, stained and counter-stained 

(Dingerkus and Uhler, 1977; Taylor and Van Dyke, 1985) for demonstration of both bone 

z d  cartilage. These are listed as "C&S'. Sppecimens were dissected following the 

techniques of Weitman (1974). Figures 1-8 and 10- 19 were drawn with the aid of a 

camera lucida on a Wild M5A dissecting microscope. X-ray photos were taken for some 

rare specimens in order to obtain more information about intraspecific osteological 

variation. One species (P. verticalis) was not available; another species (P. lineatus,) was 

so rare that the only available specimen was a C&S paratype and permission to dissect 

was not granted. Most information about these two species was taken fiom the 

description of Remis and Hoese (1984) and fiom the single C&S specimen of P. 

lineafus. Previous studies have show that intraspecific variation exists in the osteology 

of fishes (e.g. Schlueter and Thornerson, 1971 ; Bruner, 1976; Arratia, 1983; Doyle, 

1 998 a). Thus, specimens of Parioglossus rainfordi collec ted fiom di fferent geographic 

areas were used to examine the intraspecific variation of this species, and this information 

was extrapolated to eliminate the highly variable characters. 

Ingroup : 



P. aporos: USNM 260326, Paratypes, 4 (10.5-15.& 1 C&S (2). Tandjung 

Paprekama, Teluk Buton, Indonesia. 5°24'30"S, 1 Z037'28"E. 1-8 m. 25 Mar. 1974, 

Springer et al. AMS 1.243 19001. Paratype, 1 C&S (2 1). Data as above. 

P. dotui: OMNH-P 4381.50 (1 7.8-28.2), Mouth of Urauchi River, nght bank, 

under Urauchi Bridge, north-west of Iriomote Island, Ryukyu Islands. 2 Jan. 1991, 

Suzuki et al. OMNH-P 13849.2 C&S (17.2-26.6). Data as above. 

P. formosus: ROM 68849. 1 1 (9.6-25.2), 2 C&S (22-25 -ROM 1728CS). 150 m 

south of turtle holding tank at Phuket Marine Biological Center, Cape Phanwa, Phuket, 

Andaman Sea, Malacca Strait, Thailand. 07°48'03"N, 98O24'58"E. 0-0 m. 9 Nov. 1993. 

Winterbottom et al. 

P. interrupus: USNM 26 155 1. 9 (8.3-23.2), 3 C&S (16.4-2 1.4). On mainland in 

lee of Samei Island, Irian Jaya, Indonesia. USNM 26 1554. 1 (1 3.9). Cape Ward Hunt, 

Papua New Guinea. USNM 261556.3 (16.5-18.4). Batanta Island, Irian Jaya. OMNH-P 

43 14. 1 (10.0). Mouth of Ohmija River, north of Iriornote Island, Ryukyu Islands, 29 

Dec. 1990. Suzuki et al. OMNH-P 13849. 1 C&S (9.2). Data as for preceding. 

P. lineatus: CAS 52779. Paratype. 1 C&S (31). Mangrove zone, ca. 3.4 km SE of 

Ngarekeai village, Aracktaoch Stream, Babelthuap 1. Airai Munic, Palau, West Pacific, O- 

0.91 m. 7'23 '24"N, i 34'3 1 ' 17"E. 30 Oct. 1956. Sumang et al. 

P. marginalis: AMS 1.25022-001.2 C&S (26.55-30.22). Bobbin head, Cowan 

Creek, NSW, Australia. 33'45' S, 1 S 1 15' E. 1984. Bell. 

P. neocaledonicus: MNHN 199 1-6860.2 (1 3.1 - 13.4), 1 C&S (1 3.4). Northeast 

Coast, Riviere Tite, Province Nord, New Caledonia. 23 Sept. 1991. Lamarque et al. 



MNHN 1992.1 7. Paratypes. 5 (1 5.8-26.0), 1 C&S (2 1.8). Füviere La Dumbea, southwest 

Coast, Province Sud, New Caledonia. 30 Sept. 199 1. Dingerkus et al. 

P. nudus: ROM 42576. Paratypes. 8 (10.1-18.7), 11.7 km northwest of Honiara, 

Guadalacanal Island, Solomon Islands. 0g020' S, 1 59'45' E. 18-22 m. 14 Mar. 1983. 

Winterbottom et al. ROM 53 193.25 (10.5-19.8), 3 C&S (1 5.5- 16 -ROM 173 1CS). Nonh 

side of mouth of Baits Bay near main charnel, Tanon Suait, Negros Island, Negros 

Oriental, Philippines. 09'36'54" N, 123'1 1'06" E. 18.3-35.1 m. 19 May 1987. 

Winterbottom et al. 

P. palustris: AMS 1.23936002, 2 C&S (23.5-23.7). Darwin, Island off east arm, 

boat ramp, NT Province, Australia. 12'29' S, 130°54' E. 0-2 m. 3 Aug. 1983. Rennis et 

al. 

P. philippinus: CAS36941.20 of 60 (15.3-22.2), 2 C&S (21.5-25.0). Prond Bay, 

at southwest corner of Goh Samed, Gulf of Thailand, Chumphon Prov, Thailand. 

10°24'4" N, 99O1733" E. 0-3 m, 17 May 1960. Fehlmann et al. CAS 36942.20 of 68 

(1 l.4-24.5), 2 C&S (22.5-24.5). Fnnging coral reef on northwest side of Goh Maprao, 

Gulf of Thailand, Chumphon Prov, Thailand. 10°23'24"N, 99' 1 7'45"E. 1 - 3.7 m, 1 8 May 

1960. Fehlmann et al. CAS 36950.20 of 158 (12.5-25.2), 2 C&S (25.3-39.1). West side 

of Goh Luem, ca. 4.8 km southeast of Prachuap Khiri Khan town, fiinging coral reef & 

rocky shoreline, Gulf of Thailand, Prachuap Khin Khan, Thailand. 1 1°45'30" N, 

99'49'52" E. 0-4.6 m, 16 June 1961. Pairojana et al. AMS 1.24322001.2 C&S (24.01- 

27.14). Data same as CAS 36950. 

P. rainfordi: ROM 53202.7 (10.3-27.6), 1 C&S (17 -ROM 1730CS). Mangrove, 

Tanon strait, Negros Island, Negros Oriental, Philippines. 09'33' N, 1 23 '09' E. 0- 1 .5 m. 



16 May 1987. Winterbottom. AMS IA.23 1.9(25.7-32.1). 2 C&S (26-33). Bowen, Qld, 

Australia. 20'01' S, 148'1 5' E. 192 1, Rainford. AMS IA 6325. g(22.6-30.0), 2 C&S ( 

30.6-3 1.5). Lindeman Island, Qld, Australia. 20'27' S, 149'02' E. 1934, Ward. AMS 

1.1754 1004. 1 C&S (23.8). Konedobu, Port Moresby, New ~uinea .  9'30' S, l4i0O7' E. O- 

1 .O m. 21 Aug. 1973. Allen et al. AMS 1.22849001. 1 C&S (33.1). Great Kepoel Island. 

Qld. 23'1 0' S, 1 50°57' E. 0-1 .O m. 2 May 1982. Remis. 

P. raoi: ROM 53 194. 105 (8.2-21.2), 5 C&S (16.5-2 1 -ROM 1657CS). 

Mangrove, Tanon strait, Negros Island, Negros Oriental, Philippines. 0-1.5 m. 09'33' N, 

123°09' E. 16 May 1987. Winterbottom et al. 

P. sinensis: ROM 72243.5 (21.5-27.7), 1 C&S (22.3 -ROM 1727CS). Songao, 

Fenghua city, Zhejiang Prov, China. 29'33'N. 12 1 OWE. 5 Oct. 1993. 

P. faeniafus: ROM 42979.6 (1 7.0-24.0 ), 1 C&S (23.5 -ROM 1729CS). Creek 

about 1 Skm West of Larni, Viti Levu, Fiji. 1 8°0!J'20" S, 178'1 5'40" E. 0- 1 m. 2 1 Apr. 

1983, Winterbottom et al. 

P. friquetrus: ROM 43042. Paratypes. 6 (1 0.2-21.8), 1 C&S (1 8 -ROM 1 733CS). 

Creek about 15km West of Larni, Viti Levu, Fiji. 1 8'09'20'' S, l78O 15'40" E. 0- 1 m. 2 1 

Apr. 1983. Winterbottom et al. 

P. verticalis: No specimen available. All the information from the original 

description of the holotype (male). 

P. sp A: NSMT-P 30652. 5 (20.2-22.8), 1 C&S (22.8). Ipponrnatsu, Usa, Shikoku, 

Japan. 33O3 1' N, 13 1'22' E. 17 May 1988. Okarnura. 

Outgroups: 



Ptereleotris hunue: ROM 71 875. 1 1 (73.0-93.9). 1 C&S (73.0 -ROM 1659CS), 

Gulf of Tongking, Haiphong, Vietnam. 20°45'30" N, 107°04'25" E. 2.7-6.7 m. 2 June 

1997. Winterbottom et al. 

Ptereleotris microlepis: ROM 70497. 10 (32.247.23, 1 C&S (6 1 -ROM l658CS). 

lndian Ocean, Diego Garcia Atoll, lagoon reef about 1.2 km southeast of east point 

village. Chagos Arch. 7O21'35" S, 72O28'17" E. 0-2.1 m. 23 June 1967. Fehlmann. 

Nemateleotris magnifcu: ROM 60872. 5 (2 1.8-38.6), 1 C&S (32.0 -ROM 

l732CS). Moorea, Society Islands, Paci fic Ocean. l7O28'29" S, 1 4g049'l 7" W. 3.1 - 12.2 
m. 12 Dec. t 989. Winterbottom et al. 



CHAPTER 3. METHODS AND TERMINOLOGY 

Measurements and counts follow those described by Rennis & Hoese (1985) 

except as noted othewise. Tenninology for skeletal structures follows those of Springer 

(1983) and Pattenon and Johnson (1995). A key to the species of Pm=ioglossus is 

included, excluding the P. sp reported by Suzuki et al. (1994), which, according to the 

authors, is sirnilar to P. aporos in lacking head pores and in dorsal- and anal-fin ray 

count; but differs in that P. sp, uniquely arnong Parioglossus species, has three pelvic fin 

rays. This undescnbed species was based on a single female specimen; thus its taxonomie 

position still remained to be detennined. The key is adapted From that given by Remis 

and Hoese (1985). Information on the distribution of the species was derived fkom 

various source (Remis and Hoese, 1985; Dingerkus and Séret, 1992; Swuki and Senou, 

1992, 1994; Kim and Han, 1993; Suniki et al., 1994,1996; Zhong, 1994; Allen, 1 996; 

Thollot, 1996; Chen et al., 1997; Randall and Hoese, 1985; Randall et al., 1997; and Ng 

et al.. 1999). The data were analyzed with PAUP* 4.0b8 for Macintosh (PPC) (Swofford, 

1997), using the maximum parsimony criterion: al1 the characters are equally weighted; 

al1 are unordered and "?" is used ta indicate missing data in the matrix. Missing data may 

indicate one or more of the following: the character is interna1 and I was not dowed to 

C&S the specimen; I did not receive permission to dissect the C&S specimen; the 

character could not be resolved by radiography; specimens of that species were 

unavailable for examination. MacClade 3.07 (Maddison and Maddison, 1992) was used 

to assemble the data matrix and to visualize character change on the cladograms through 

optimization on the strict consensus W. 

Theory and Criteria Used for the Construction of Data Matrix: 



Estimation of phylogeny involves several independent steps. The first, and in fact 

the most important, step is the selection of taxa and characters. The second step involves 

the data collection and organization (e. g., chamcter polarization). The third step is the 

analysis of the available data matrix (Poe and Wiens, 2000). 1 am going to discuss how 

each step was perfonned and what criterion was used. 

Character selection: No explicit cnterion for character selection is available, 

although quite a number of authon have realized the need of such a cnterion (Pimentel 

and Riggins, 1987; Stevens, 1991; Kesner, 1994). Poe and Wiens (2000) found that 

characters were selected differently, and the inconsistency of character selection criteria 

can occur even within a single study. Afier a reevaluation of some most commonly used 

criteria, they suggested that more characters should be included, even characters that 

exhibit high intraspecific variability (Poe and Wiens, op. cil.). Some other studies (Wiens 

and Servedio, 1997; Wiens, 1998) also suggested that "analyses that include polymorphic 

characters are consistently more accurate than those that exclude them, even when the 

data sets show a strong positive relationship between levels of homoplasy and 

intraspecific variability and that even though intraspecifically variable characters do seem 

to be more homoplastic, they still contain information that more than compensates for 

their homoplasy" (Poe and Wiens, 2000: 28). However, this is probably only true when a 

large number of specimens are available (not the case in the present study, where fewer 

than five specimens of most species were available for dissection), otherwise, it would 

only increase the "noise". Thus, in cases such as the current study, it seems more 

productive to simply exclude those characters which show a consistently high 



intraspecific variability. 1 used the osteology of one wide-spread species (P. ruinfordi) to 

find the most variable characters, and these characters were excluded firom the data set. 

Characters polarkation: There are currently three ways to polarize characters, 

narnely: the outgroup method (Watrous and Wheeler, 1981; Maddison et al., 1984), the 

paleontological method (see below) and the ontogenetic method (Nelson 1973, 1978). 

The outgroup method requires a priori hypotheses of higher level phylogenetic 

relationship to determine the derived conditions. The paleontological method requires the 

cornparison of older and younger fossils; because of incomplete sarnpling and the 

possibility of incorrect age of the fossils, this method is rarely used (Wiley, 198 1). The 

ontogenetic method rests on two assumptions: one is that ancestral ontogenies are 

retained in descendants (thus, ancestral characters are always more general); the other is 

that derived characters are added temiinally (Mabee, 2000). There is no fossil record 

available for the group, and ontogeny has been little studied. Thus the only (and best) 

way to polarize the characters was the outgroup method. 

Coding of polyrnorphic characters: Polymorphic characten are those that Vary 

intraspecifically between individuals of the same species of comparable age and sex. 

Characten that Vary only between sexes are not considered to be polyrnorphic. There are 

several parsimony-based methods to treat polyrnorphic characters (Wiens, 2000). One 

uses fixed characters only (Nixon and Wheeler, 1990). The character is excluded if it 

exhibits any variation within any species. The any instance (Campbell and Frost, 1993; 

Murphy, 1993) method treats the derived character state as present regardless of whether 

or not it is fixed, and regardless of the fkequency of the trait within the species. Majority 

coding (Wiens, 2000) considers the most cornmon polymorphic trait among sampled 



individuals. Missing (Swofford 1993) treats the species having the polymorphic 

character as unknown ("9 and is uninfonnative in tree-building. (5) Polymorphic 

(Swo fford 1 993, 1997). The character coded as polymorphic will be assigned one of the 

observed states a posteriori, depending on how the species is placed on the tree by other 

characters. So it is actually an interpretation of characters other than a treatment of 

character. (6) Scaled (Campbell and Frost 1993; Mabee and Humphries, 1993). The 

derived character state is coded as being either absent ("O"), polymorphic (Y"), or fixed 

("2"). These states are then ordered with the assumption that traits pass through a 

polymorphic stage between absence and fixed presence. (7) Unscaled (Wiens, 2000). 

This method is almost the sarne as the scaled rnethod, except that the character in which 

no polymorphism is observed is coded as "l", not as "2". (8) Frequency (Wiens, 2000). 

This method weights the character based on the fiequency of the trait within the species. 

It has been suggested that fkequency-coded polymorphic characters still contain 

significant phylogenetic information (Wiens, 1995) and that the exclusion of those 

characters would be subjective (Swofford and Berlocher, 1987). Many authors (e. g. 

Mickevich and Johnson. 1976; Cmther, 1990; Campbell and Frost, 1993; Mabee and 

Humphries, 1993; Murphy, 1993; Siddall and Kluge, 1997; Murphy and Doyle, 1998) 

think that fiequencies may not be phylogenetically informative because it is not a trait, 

nor could it be inherited fiom generation to generation; it is the product of natural 

selection, inbreeding and other variables associated with Hardy-Weinberg equilibrium. In 

order to use the frequency data, large number of specimens must be available, otherwise 

the data is biased. Thus, fkequency data were excluded fiom current study. For 

polymorphic character states that could be polarized by outgroup method, then the any 



instance method (Campbell and Frost, 1993) was used; otherwise, the character States 

were coded as "or" (Le.. 'Y'). 



CHAPTER 4. RESULTS 

Key for the species of Purioglossus: 

....................................................................................................... No head pores.. .2 

Head pores present ................................................................................................... 3 

Branched caudal rays 7+6; body scaled; anal 1 13- 1 4 (usually 1 14) (Indonesia).. .. 

..................................................................................................................... aporos 

Branched caudal rays 6+5; body naked; anal 1 16-17 (Fiji, Solomon Islands, 

.................................. Papua New Guinea, Palau, Philippines). ........P. nudus 

12- 14 vertical bars on side below second dorsal fin .............................................. ..4 

No vertical bars on body.. ...................................................................................... S 

Scales non-imbricate; black coloration around the anus of female, but not on 

males, fiesh water (New Caledonia) ........................................ P. neocaledonicus 

Scales imbricate; dark ring around anus of male holotype - only known specirnen, 

.................................................................... marine (Caroline Islands). P. verticalis 

Distinct, dark lateral stripe present on body ............................................................ 6 

Lateral stripe absent or diffuse stripe present without distinct dorsal and ventral 

margins .....................+...............O ..*.Do****oDo*..D*D****D*.**..***..D*.*..... ................................ 1 1 

Posterior nasal pore absent; scales imbricate or non-imbncate ............................... 7 

............................................. Posterior nasal pore present; scales non-imbricate.. . l  O 

Dorsal and anal fins usually 1 17-18 (rarely I 16); posterior dorsal and anal rays 

unbranched; preopercular pores present in specimens greater than 17rnm; large 

round to oblong spot at base of middle to ventral caudal rays (Papua New Guinea, 

........................................................... Irian Jaya, Japan). .P. intemrpius 



Second dorsal fin usually 1 14-1 5 (rarely I 16); posterior dorsal and anal rays 

branched. ..................................................................................... -8 

8. Dorsal edge of lateral stripe below midline of side of body; black spot at base of 

dorsal spines 5 and 6; circumorbital pom 2-4; preopercular pores present or 

absent (Fiji, Caroline Islands, Irian Jaya, Indonesia, Philippines, Japan, Andaman 

Islands, Singapore). ........................................................................... P. raoi 

Dorsal edge of lateral stripe along midline; no black spot at base of dorsal spines 

................. 5 and 6; four circumorbital pores, preopercular pores present or absent 9 

9. Preopercular pores absent; scales non-imbricate; longitudinal scale count 97407 

(China). ............................................................................... P. sinensis 

Preopercular pores present; scales imbncate; longitudinal scale count 76-86 (Fiji, 

Palau, Philippines, Aldabra, Japan, Ryukyu Islands). ...................... P. taeniatus 

10. Dorsal stripe on caudal fin present, extending obliquely downward to tips of rays 

above middle of fin; no dark vertical bar at base of caudal fin; preopercular pores 

present in specimens greater than 20 mm; dorsal and anal fins 1 13-15, usually 1 

14; pectoral fin 15-17; dorsal spines 3 and 4 longest in males; anterior nasal 

opening a short tube (Fiji, Palau, lapan, Ryukyu Islands, Taiwan, Gulf of 

Thailand, Australia, Papua New Guinea, Indonesia, Philippines). ........ 9. fonnosuî 

No dark stripe on caudal fin; dark vertical bar at base of caudal rays; preopercular 

pores absent; dorsal and anal fin 1 15-16; pectoral fin 18-20; dorsal spines 4 and 5 

longest in males; anterior nasal opening a simple pore (Palau, Solomon Islands, 

Japan) .............................................................................. .P. 1ineatu.s 

............................................................... 1 1. Branched caudal rays 6+5.. 12 



Branched caudal rays usually 7+6, rarely 6+6.. ........................................ 13 

12. Scales imbricate; dorsal spine 5 elongate in males over 20 mm; no elongation in 

females; gill opening narrow, ending ventrally just below lower pectoral base; 

posterior dorsal and anal rays usually unbranched, occasionally branched but 

rarely are al1 rays branched (Australia, Papua New Guinea, Philippines. Gulf of 

Thail and, India, Madagascar, Japan). ............................................ P. philippinus 

Scales non-imbricate; no dorsal spine elongate in either sexes; gill opening 

moderate; males and females with black triangular spot at middle of dorsal fin; 

dorsal, anal and pelvic fins yellow and with brown rnargin; dusky patch 

sometimes present posterior to eye just below infiaorbital pore; anus pale to 

brown, second dorsal fin rays and anal fin rays usually 16- 1 8 (Japan) ......... P. sp A 

13. Large, round spot on base of ventral caudal rays (usually rays 9-15); postenor 

dorsal and anal rays unbranched; preopercular pores present in specimens greater 

than 20 mm (Australia, Papua New Guinea, Bomeo, Philippines, Japan). .......... 
.P. palustris ...................................................................................... 

No large round spot confined to base of ventral caudal rays (if spot present, 

extending above midline); postenor dorsal and anal rays branched in specimens 

greater than 22 mm; preopercular pores present or absent .................................... 14 

1 4. Gill opening narrow; lower attachment of branchiostegal membrane just below 

pectoral base; preopercular pores present (sometime absent in specirnens less than 

19 mm); five circumorbital pores; mouth angle 85-90' to longitudinal axis of 

body; anterior nasal opening a simple pore; males with a vertical bar at base of 

caudal rays, ventral portion of bar extending postenorly towards tips; females 



with a round spot on rays 4-12 (Australia, Papua New Guinea, Irian Jaya 

........................ Caroline Islands, Palau, Indonesia, Philippines, Japan) .P. ruin fordi 

Gill opening moderate; lower attachent of branchiostegal membrane below 

middle of operculum; preopercular pores absent ................................................... 15 

15. Antenor nasal opening a simple pore; females with pale anus; caudal fin with a 

triangular to rectangular spot on base of caudal rays, ofien with 1-2 smaller spots 

on caudal peduncle anterior to caudal-fin spot; caudal fin truncate, males larger 

than 20 mm with rays 13- 14 elongate (Fiji) ............................... .2 triquetm 

Anterior nasal opening a short tube; females with black ring around anus, caudal 

fin with a stripe, round to elongate spot, or several vertical bars; caudal fin 

truncate to emarginate, males larger than 20 mm without rays 13-14 elongate or, 

if rays elongate, some donal caudal rays elonpe as well .................................... 16 

16. No dark strip posterior to eye; dorsal spine 5 elongate in males; males and females 

without distinct round to horizontally elongate spot on middle caudal rays, males 

with stipe on middle rays of caudal fin extending to tips of rays, females with 3-4 

vertical bars on middle rays; second dorsal and anal fins usually 1 17-1 8 (New 

....................................................................... South Wales, Australia) morginalis 

Dark stripe posterior to eye; no dorsal spines elongate in males; males and 

females with distinct round to horizontally elongate spot on middle caudal rays, 

sometimes extending to tips of middle caudal rays; second dorsal and anal fins 

usually 1 16- 17 (Japan, Korea). ................................................... .P. dotui 

The osteology of Parioglossus rainfordi: 



The Cranium (Figs. 1-3): Ai bones paired (bilateral) d e s s  othemise stated. 

Vomer (rnedial) toothless; anterior portion enlarged and broader ventrally than dorsally; 

narow posterior process of vomer inserts into groove on anteroventral surface of 

parasphenoid (medial). Ventral portion of mesethmoid (medial) joined with anterodorsal 

surface of parasphenoid; dorsoposterior aspect of mesethmoid overlapped by Frontal 

bones; ventral postenor portion of mesethmoid cartilaginous, which unites mesethmoid 

with parasphenoid; anterolaterally, mesethmoid joined with lateral ethmoids which are 

separated by ethmoid cartilage. Lateral ethmoid fonns most of antenor walls of orbit, has 

a cartilaginously-tipped ventrolateral process, to which the thin, poorly ossified lacrimal 

attaches; a foramen for the olfactory neive lies between the lateral etlunoid and 

mesethrnoid. Frontal large, narrows anteriorly and bifurcates around posterior portion of 

mesethmoid; in the post orbital region, frontal bean a descending lateral wing, which 

joins the sphenotic and prootic; in the supraorbital region, frontal bears a groove, along 

which the supraorbital canal courses (Springer, 1983); posterior end of frontal foms a 

large portion of roof of braincase; at dorsoposterior wall of orbit, frontal joins 

pterosphenoid; posterolaterally and laterally, frontal overlaps sphenotic; it partially 

overlaps supraoccipital posterolaterally. Sphenotic joins pterotic and supraoccipital 

posteriorly and prootic ventromedially; sphenotic smaller than pterotic, and articulates 

with antenormost dorsal condyle of hyomandibular. Pterotic joins epioccipital 

posterolaterally and exoccipital posterodorsally; anteroventrally, pterotic articulates with 

posterodorsal condyle of hyomandibular, and is partially overlapped by epioccipital 

donolaterally. Epioccipital occupies posterolateral corner of cranial roof; bears a process 

for attachent to dorsal am of posttemporal; it is overlapped by supraoccipikl dorsally, 



- 
Fig 1 . Porioglossus rointwdi, craoium, dorsol view (scale b a r  = 1 mm) 



Vomer 

Fig 2. Purioglossus ruinfordi, cranium, ventral view (scale bar = 1 mm] 
- ,  





partially overlaps pterotic anterolatedy. joins its antimere beneath overlapping 

supraoccipital (medial) posteromedially, and is synchondrally joined with exoccipital 

posteriorly. Laterally on pterotic and exoccipital is a long, deep trough which cames 

lateral sensory canal. Supraoccipital situated posteromedially on cranial roof, forked 

anterolaterally with a rounded median anterior projection; small portion of its anterior 

process overlapped by frontal; extreme posterior aspect of supraoccipital slightly overlaps 

exoccipitals; posterior portion with prominent median posterodo~l flange. Exoccipital 

forrns most of posterior surface of cranium, forming lateral and dorsal margins of 

foramen magnum; exoccipital possesses condyle which articulates with first vertebra; 

exoccipitals synchondrally united along dorsal midline; epioccipital meets 

dorsoanteriorly and is slightly overlapped by supraoccipital; joins pterotic laterally and 

partly ventrolaterally; ventrolaterally, exoccipital may join intercalar; ventromedially thin 

projections of exoccipital join with similar projections of basioccipital. Exoccipital has 

two foramina, the anterior of which (according to Springer, 1983), is the vagal foramen; 

the more posterior is possibly a passage for a spinal nerve. Basioccipital is posterior 

terminus of cranium, articulating with the first vertebra; it also occupies 

ventroposteriomost aspect of cranium; basioccipital forks anteriorly with most of its 

portion overlapped by parasphenoid medially and joins with posterior portion of prootic 

anteriorly; anterolaterally, basioccipital was overlapped by intercalar; posterolaterally, 

thin projections of basioccipital mesh with sirnilar projections of exoccipitals. Intercalar 

small, overlaps basioccipital, sometimes, may meet with exoccipital. 

Prootic (with a large trigemino-facial foramen) makes up the lateral region of 

posterior orbit and the side of braincase postenor to this. It joins with sphenotic 



anterolaterally, basioccipital posteriorly, joins pterotic latediy. overlapped by 

parasphenoid ventromedially. 

Pterosphenoid small, occupies portions of posterolateral wall of orbits. 

Synchondrally joins to frontal dorsally and meets prootic and sphenoid ventrally. 

Parasphenoid (medial) constitutes large portion of ventromedial aspect of 

cranium; anteriorly, groove in parasphenoid receives posterior process of vorner 

anteriorly; overlaps prootics laterally and basioccipital posteriorly. Foramen occurs at 

base of each parasphenoid dorsal projection, near area of overlap with prootic. 

Jaws, Suspensorium, Superficial Bones of Head (Fig. 4): Al1 bones 

bilateral unless othewise stated. Premaxilla with two rows of caninoid teeth, outer row 

larger than imer row; a short medial ascending process adjoins large, rounded, extemally 

concave articular process; postenor process is lateral to, but much smaller in size than 

articular process. Rostral cartilage (medial) replaced at l e s t  partially by bone, flattened 

laterally and attached to the upper tip of the ascending process of the premaxilla as well 

as to the anterodorsal end of the maxilla, overlies the vomer. 

Maxilla with long, flat postenor portion and convoluted anterior head which 

articulates with articular process of premaxilla posteromedially and maxi l lq  process of 

palatine anterolaterally. 

Dentary with two rows of caninoid teeth, outer row enlarged. Adjacent to last 

tooth is large coronoid process. Posteriorly on its intemal surface, dentary receives dorsal 

rarnus of anguloarticular. Meckel's cartilage long, rod-like; extending anteriorly fiom the 

endosteal process on the medial surface of the anguloarticular to a point in the hollow end 

of dentary, just antenor to the level of a forarnen that completely perforates the dentary. 





Posterodorsally, anguloarticular articulates with quadraîe. There is no coronomeckelian 

(sesamoid articular). Retroarticular a small bone joined to the ventropostenor end of the 

anguloarticular, and is connected by a ligament to the anterior end of the interopercle. 

Hyomandibular with three articular condyles. Anterodorsally, hyomandibular 

articulates with sphenotic, posterodorsally with the pterotic, and postenorly with the 

opercle. Groove in anterior surface of hyomandibular receives metapterygoid; ventral 

projecting surface synchondrally joins with posterior head of symplectic. Metapterygoid 

overlaps symplectic which is synchondrally joined to the cartilaginous tip of 

ventroposterior portion of hyomandibular. Most of posterolateral surface of 

hyomandibular overlain by preopercle, which fits into large groove formed by wide, thin 

posterolateral projection of hyomandibular. At approximate centre of media1 surface lies 

large foramen which leads to canal exiting anteroventrally on lateral surface, the canal 

carries the hyomandibular branch of the facial nerve (Birdsong, 1975; Freihofer, 1978). 

Metapterygoid slender and elongate, not reaching quadrate; broadly overlaps, and 

tightly joined to, the posterolateral surface of the symplectic ventrally, and anterodorsal 

surface of h yomandibular postenorl y. No mesopterygoid. 

Anterior portion of symplectic attaches to the groove on the medial surface of 

quaârate and is overlapped by metapterygoid dorsally; postenor portion delicately joined 

by cartilage to hyomandibular. 

Posterodorsal surface of quadrate rimmed with cartilage; antenor portion 

overlapped by ectopterygoid, a broad groove in the media1 surface of quadrate receives 



anterior portion of symplectic. Short anteroventral condyle unites quadrate with 

anguloarticular, and very long, blade-like ventropostenor extension joins preopercle in 

shallow ventral groove. 

Ectopterygoid very well ossified, plate-like, overlaps quadrate postenorly and 

synchondrally joins palatine along its antenor surface. 

Palatine toothless, "T" shaped, ventroposterior portion joins ectopterygoid; 

anterior portion of palatine bears two arms: antenor-most tipped with cartilage and 

articulating with maxilla and ligamentously joins ascending process of premaxilla; 

postenor process articulates with lateral ethmoid and ligarnentously joins mesethmoid. 

Opercle with a strong, concave condyle that articulates with the posterior condyle 

of the hyomandibular, overlaps subqercle ventrolaterally. 

Preopercle "Y'-shaped; fits into broad shelf of hyomandibular dorsally and into 

narrow shelf of quadrate anterodorsally; posterior portion of preopercle with trough (not 

show) which carries preopercular portion of laterosensory canal system (Murdy, 1985); 

interhyal attaches firmly to medial surface of preopercle; a media1 tnmgular process 

meets the syrnplectic and hyomandibular to fom a large foramen. Preopercle overlies 

thin, blade-like interopercle; antenorly , the long and flat interopercle attaches 

ligarnentously to the anguloarticular; postenorly, attaches ligamentously to posterior tip 

of postenor ceratohyal. 

Hyoid Arch (Fig 5): Al1 bones bilateral, unless otherwise stated: Interhyal 

ventrally ligamentously bound to, and articulates with, the posterior ceratohyal. 

Dorsolateral surface of interhyal strongly attaches to preopercle; dorsal tip cartilaginous. 



Brant hiostegals 

Fig. 5. Medial view of urohyol and left hyoid arch of Parioglossus rainfordi 
rotated counterclockwise 90' (scale bar = 1 mm). 
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Ceratohyal divided into anterior and postenor sections which join synchondrdy. 

Posterior ceratohyal articulated with interhyal posterodorsally, whereas anterior 

ceratohyal overlapped by hypohyals. Antenor ceratohyal has a cartilaginous rim 

ventrolaterally and posteriorly; postenor ceratohyal has a cartilaginous rim antenorly. 

This is the synchondral joint already mentioned above. 

Four branchiostegal rays extend ventrally flom anterior ceratohyal, one from 

postenor ceratohyal; anteriormost branchiostegal, the one found on the slender portion of 

anterior ceratohyal, thin and rib-like, smallest; other branchiostegals al1 blade-like, with 

one on posterior ceratohyal being the largest. 

Hypohyals overlaps antenor ceratohyal laterally, and ligarnentously join dorsal 

head of urohyal (medial) and posterior portion of basihyal (medial). Dorsal hypohyal has 

long ligamentous co~ect ion with the hypobranchial 1, and is bound to its antimere via a 

long medial ligament. Ventral hypohyal ligamentously comected to blade of urohyal 

posteroventrally, and to base of urohyal and posterior basihyal posterodorsally. 

Urohyal (medial) consists of dorsal head and posteroventrally projecting broad 

blade. Dorsal part forked; situated within concavity urohyal base is the small 

cartilaginous basibranchial 1. 

Branchial Apparatus (Fig. 6): Al1 bones bilateral unless otherwise stated: 

Basihyal (medial) long, anterior broader than posterior; anteriorly tipped with cartilage, 

ligamentously joins hypohyals and urohyal postenorly. 

Postenor to basihyal, in straight line, are basibranchials 1-4 (medial). 

Basibranchials 2 and 3 are relatively well ossified with only the tips cartilaginous, 

whereas basibranchials 1 and 4 are cartilaginous. Basibranchial2 articulates with medial 



Fig . 6. Dorsal view of gill arches and basihyal of PriogIossus rahfordi, 
epi- and infrapharyngo-branchials of right side reflected 
(scale bar = 1 mm). 



surface of hypobranchial 1. Basibranchial3 synchondrally joins basibranchial2 

anteriorly; articulates with hypobranchial2; anterolaterally tipped with cartilage; and 

joined by long ligament to hypobranchial3 postenorly. Basibranchial4 ligamentously 

bound to third hypobranchial; lies above anterior cartilaginous tip of ceratobranchial4. 

Hypobranchials (1 -3) ligamentously and sequentially to each other joined and 

articulate with their respective ceratobranchial posteriorly. Each hypobranchial is 

cartilaginously tipped. 

Five pairs of ceratobranchials present. Ceratobranchials 1-3 join their respective 

hypobranchials as above; ceratobranchial4 joins hypobranchial3 and basibranchial4; 

ceratobranchial 5 ligarnentously bound to ceratobranchial4 and basibranchial4. 

Ceratobranchial 1 with 13 to 15 outer gill rakers; ceratobranchials 2-4 with long, bifid- 

tipped gill rakers suspended in comective tissue; ceratobranchial5 with large triangular 

tooth plate. 

Each of the four epibranchials (1 -4) articulates with posterodorsal tip of its 

respective ceratobranchial. Epibranchial 1 has 4-5 gill rakers; epibranchials 1 and 3 have 

cartilaginous-tipped uncinate processes. The uncinate process of epibranchial 1 

articulates with its respective intermual cartilage. Interarcual cartilage and epibranchials 

2-4 articulate with infrapharyngobranchids 2-4 respectively. Inhpharyngobranchial 1 

absent. Infrapharyngobranchials 2-4 have tooth plates fùsed to bone, which bear 

cartilaginous processes for articulation with respective epibranchial. 

Infrapharyngobranchials 3 and 4 tightly fùsed. 



Pec tord and Pelvic Fins and Girdles ( ~ i p  7-81: Aîi eiements ppited except 

where otherwise stated: Postternporal cornposed of central body, with a longer dorsal arm 

connected to epioccipital and shorier ventral a m  joined to intercalar. 

Supracleithnun extends posteriorly fkom media surface of central body of 

posttemporal; the ventromedial surface joins dorsolateral portion of cleithrum 

ligamentousl y. 

Cleithnim forked dorsally. Posteroventrally, cleithrum is cartilage-tipped and 

articulates with pelvis through pelvic intercleithral cartilage (medial). Central portion of 

cleithnun anteriorly flattened with posterior surface bearing groove. 

Cartilaginous scapula possesses large foramen dorsally and synchondrally joins 

cleithrum anteriorly and dorsally, the four pectoral radials posteriorly, and the coracoid 

ventrally . 

Coracoid well-ossified, joins cleitluum antenorly and scapula dorsally. 

Margin of pectoral radials are cartilage, and 16- 1 8 fin rays insert on posterior 

margins of the radials. 

Single, sickle-like ventral postcleithnun present. No dorsal postcleithnun. 

Large, pelvic intercleithral cartilage (medial) joins media1 surface of two 

posteriorly directed processes of cleithra. Postenorly, this cartilage continuous with 

pelvic girdle. 

Antenor margins of pelvic bone join pelvic intercleithral cartilage antenorly. 

Media1 portion of pelvic bone dorsally convex; pockmarked with small, irregular 

openings and not as well ossified nor as substantial as dorsally concave and well-ossified 

lateral margins. Posterolateral edge of pelvic bone has a cartilaginous radial which is 





PeMc intercleithral cartilage 

Pelvis 

Radial 

Fig. 8. Purioglossus ruinfordi, dorsal view of pelvic girdle (scale bar = 1 mm). 



straddied by four segmentai pelvic fin r a y ~  Single pelvic fin spine attaches to peluic 

bone ventroanteriorly to lateralmost pelvic ray. An antenna-like process arises posteriorly 

on ventromedial surface of pelvic bone. Postenor process of pelvic is very long (a 

synapomorphy of the subfamily). 

Vertebrae and Unpaired Fins (Figs. 9- 10): Vertebral colurnn made up of 26 

vertebrae and divided into 10 precaudal and 16 caudal vertebrae; vertebrae 3- 10 possess 

ribs; epineurals presents on vertebrae 1 - 10; no epicentrals or epipleurals. First precaudal 

vertebra (first vertebra) bears condyles for articulation with exoccipitals anteriorly. Al1 

vertebrae, except compound ural centnun, possess neural spines, and each possesses at 

least one foramen. 

Vertebrae 24 and 25 possess modified hemal and neural spines. These spines of 

vertebra 24 are more distally broadened and flattened than those of preceding vertebrae, 

reach anterornedial margins of procurrent cartilages, and the tips are sometimes bihircate 

or trihucate. Vertebra 25 has a short and broad neural spine; whereas the hemal spine is 

elongate and expanded. Hemal spine of vertebra 25 has broad, flat anterior margin 

distally which articulate with posterornedial margin of ventral procurrent cartilage, and 

cylindrical posterior margin which articulates with two caudal rays. 

Posterionnost vertebral centmm (representing the fusion of preural centra 1, and 

ural centra 1 and 2). and hypurds 3-4 hised together. Posterodorsal to this element is a 

much reduced hypural5. Dorsoantcrior to hypural5 is a single, large epural which 

possesses a cylindrical core near its posterior margin. Donal to the epural is the dorsal 

procurrent cartilage. 



Fig. 9. Diagrammatic left lateral view of Poriogbssus showing 
vertebrae, ribs, epineurals and pterygiophores of first dorsal fin. 



I haemai spine. 
Ventral procurent cartilage 

Fige 1 0. Left lateral view of caudal skeleton of Pbrioglossur roinfordi 
[scale bar = 1 mm). 



Inserting in groove on ventral side of ural centnun is large element representing 

fused hypurals 1-2. Ventral to hypurals 1-2 is the parhypural, which is well separated 

from the vertebral centrum. Parhypural with slender cylindrical core. Ventroanterior to 

parhypural lies enlarged hemal spine of vertebra 25. 

There are typically seven to eight dorsal and seven to eight ventral procurrent rays 

(unsegmented); one simple, segmented ray inserting on epural and another on hypural 5; 

7 branched rays on hypurals 3-4; 5 branched rays on hypurals 1-2; one branched ray on 

parhypural; and one simple, segmented ray on last hemal spine (sometimes branched at 

tip). 

First dorsal fin with six spines. Pterygiophores of dorsal spines I+II insert in third 

interneural space, those of III+IV in fourth, V in fiffli, and VI in sixth; pterygiophore 

formula (as defined by Birdsong, 1975) 3 (22 1 10). 

Second dorsal fin nonnally consists of one spine and 14-1 7 rays, each element 

supponed by its own pterygiophore except for the last two rays. Usually, the last two rays 

are counted as one because they are close together and arise fmm the sarne 

pterygiophore. Two anteriormost pterygiophores with proximal and media1 radials fùsed 

and distal radials absent, remaining elements separate. Posteriormost media1 radial with 

posteromedially directed flange attached to wedge-shaped piece of cartilage which last 

ray straddles. Ail other rays straddle distal radial. Interneural space 8 receives the fint 

pterygiophore of the spine of the second dorsal; space 9 the second pterygiophore; space 

10 the third; 1 1 the fourth; 12 the fifth and sixth; 13 the seventh; 14 the eighth and ninth; 

15 the tenth; position of posterior part of the pterygiophore may vary. 



The first pterygiophore of the anal fin inserts anterior to the first hernal arch; 

second pterygiophore in the first interhemal space posterior to first hemal arch; third and 

fourth in space between hemal spines 2 and 3; fifth in third; sixth and seventh in fourth; 

proximal tips of al1 pterygiophores of media1 fins cartilaginous. 

Intraspecific Variation of Osteology in P. rainfordi: The structure of the 

caudal complex, the shape of the first dorsal fin pterygiophores and of the pectoral fin 

girdle exhibit considerable intraspecific variation in fishes (Schlueter and Thornerson, 

1971; Bmner, 1976; Arratia, 1983; Doyle, 1998a). Because it is very difficult (next to 

impossible) to judge a character on the hasis of a small number of specimens (only one or 

two specimens of some species were available), 1 decided to study the intraspecific 

variation of one common species, and use it as a reference for character selection. Doyle 

(1 998a) showed that sorne characters were inappropnate for use as indicators of 

phylogenetic relationship in dactyloscopids because of their high intraspecific variability. 

My study also demonstrates that the shape of the caudal skeleton varies within a species: 

tips of the spines of vertebra 24 are sometimes bifurcated or trifûrcated (Fig. 1 1). The 

position of the posterior second dorsal-fin pterygiophores and posterior anal-fin 

pterygiophores may Vary, as may the length of premaxilla ascending process - it can be 

either long or short (Fig. 12). These characten are, therefore, deemed unsuitable for the 

study of phylogeny in Parioglossus. It is very important to know how "robust" a 

character is for the study of phylogeny befon one begins to select any given characters. 

However, due to a limited sarnple size and lack of detailed ontogenetic data, sources of 

the observed variation with P. rainfordi rternain speculative. It's possible that either some 



Fig. 1 1. Left lateral view of caudal cornplex of PariogIlossus rolnfordi, 
showing intraspecific variation (scab bat = 1 mm). 



Fig 1 2. Premoxilb variation (PwiogIossus rahfordi, scale b a r  = 1 mm). 



potentially informative characters have been excluded because of overestimated 

variation, or some potentially variable characters were included because of an 

underestimated variation. 

Variation of Osteology and General Morphology Between Species 

The vertebral count of the genus: Al1 species in the genus have 10416 vertebrae 

with rare exceptions (e.g. Kim and Han, 1993, Table 1). According to the original 

description, P. neocaledonicur has 10+ 1 5 vertebrae in males and 1 1 + 14 in females, 

although one female had a vertebrae count of 1 1+ 15. The vertebral count was used to 

distinguish P. neocaledonicus from other species in the genus especiall y P. vertic~lis 

(which also has 13 vertical bars on the body --Dingerkus and Séret, 1992; Suzuki et al., 

1994). However, it appears that, for males, the variation owes to different counting 

methods (Séret, per. comm.) as the compound ural centnim was excluded from the count 

by those authors. If true, then females should have a vertebral count of 11+1S (a total of 

26). However, radiographs of the available specimens (4 adults, 3 males and 1 female) 

show that both females and males have 10+16 vertebrae, although the number of female 

vertebrae remains to be verified. This recount coincides with the statement by Birdsong et 

al. (1988) in that the vertebral number and distribution between precaudal and caudal 

vertebrae is constant at the "generic" level, and hirther, appears to be useful in the 

characterizations of larger groups. 

Character List: 

The characters listed below correspond to the nurnbenng in the data matrix 

(Appendix 1). For each character, the plesiomorphic and apomorphic state or states are 

described, and the consistency index (CI), retention index (RI) and rescaled consistency 



index (RC) (Farris, 1989% 1989b) generated by PAUP* (Swofford, 1997) are included. 

Because no ontogenetic or fossil data available to justify the ordering of rnultistate 

characters, al1 such characters (characters 1,2,4,5,9,18 and 19) were run unordered so 

as to avoid imposing unjustified models of evolution on them. For the same reason, al1 

characters are equally weighted (but see Famis, 1969). For more information about 

character evolution, see Appendix 3. 

(1). Number of branched caudal fin rays: (0) - branched caudal fin rays 7+6; (1) - 

branched caudal fin rays 6+6; (2) - branched caudal fin rays 6+5. Nemateleotris 

magniPcu has branched caudal fin rays 6+6; P. nudus, P. philippinus and P. sp A have 

branched caudal fin rays 6+5; the character state was ambiguous for P. dotui, P. 

interruptt~s and P. neocaledonims, they have branched caudal fin rays 6-7+6; based on 

the any instance coding method (Campbell and Frost, 1993), they were assigned state 1. 

Character state 2 evolved once for P. philippinus group; character state I evolved twice 

for the ingroup: once for P. intewuptus and once for P. dotui and P. neocaledonicus; and 

once independentl y for Nemateleotris magnijca. CI=0.5 0; iü=0.60; RC=0.30. 

(2). Scales: (O) - Scales imbncate; (1) - scales non-imbncate; (2) - no scales. Al1 

species except Parioglossus nudus have scales; Nemateleotris magn if CU. Ptereleofris 

microlepis, Parioglossus intemcpius, P. palustris. P. taeniatus, and P. verticali. have 

imbricate scales, conditions for Ptereleotris hanae, P. niargina lis, P. rain fordi, P. raoi 

and P. triquetw are ambiguous, they may have both non-imbricated scales and 

imbricated scales in given specimens, based on the any instance coding method 

(Campbell and Frost, 1993), they were assigned state 1; whereas the remaining species of 

Parioglossus have non-imbncate scales; Although it was suggested that the group has a 



tendency towards nonimbncate scales (Hoese, 1984). optimization suggests that some of 

the more derived species have reversed to imbricate scales. Character state 1 evolved 

once for the ingroup taxa and once independently for Ptereleotris hanae; there is one 

reversa1 to imbricated scales in the ancestor of P. taeniatus. CI=O.SO; RI=0.60; RC=0.30. 

(3). Gill opening: (0) - moderate; (1) - narrow (Fig. 13). A moderate gill opening 

appears to be the plesiomorphic character state. Al1 outgroup taxa as well as P. aporos, P. 

do fui, P. marginalis, P. neocaledonias, P. triguetrus, P. ver ticulis and P. sp A have a 

moderate gill opening. The other ingroup taxa have a nmow gill opening. It appears that 

either character state 1 evolved three times in this group: P. lineatus and the ancestor of 

P. philippinus (then reversed ta state O for P. sp A) and the ancestor of the ingroup after 

P. aporos had separated (ACCTRAN); or that character state I evolved four times: once 

for P. nudus, once for P. philippinus, once for P. lineutus and once for the ancestor of P. 

rainfordi group (DELTRAN). CI4.25; RI=0.67; RC=0.17. 

(4). Number of circumorbital pores (see Fig. 14 for teminology): (0) - 3 

circumorbital pores (no postenor nasal pore or antenor interorbital pore); (1) - 4 

circumorbital pores (no posterior nasal pore); (2) - 5 circumorbital pores; (3) - no 

circumorbital pore; (4) - 2 circurnorbital pores (with only supraocular pore and 

infraocular pore present). Ptereleotris hanae and P. microlepis have three circurnorbital 

pores, Nemateleotris magnrfico, Purirg~ossus intemptus, P. sinensis, and P. rueniutus 

have four circurnorbital pores; P. raoi has two to four circumorbital pores (varies 

intraspecifically); P. aporos and P. nudus do not have any circumorbital pores. Al1 other 

species of Parioglossuî have five cucurnorbital pores. It seems fiom optimization that P. 



Fig. 13. Extent of gill openings in PoriogIossus. Arrow indicates position 
of lower attachment of gill membrane to isthmus: a moderate opening 
of F! dotui(A) and a narrow opening of F! philppinus (8). 



Fig. 14. Head pore terminology for the Parioglossus: anterior interorbital pore 
(AIP]; anterior nasal opening (AN); infraorbital pore (IFP]; posterior 
interorbital pore (PIP); posterior nasal opening (PN); posterior 
nosal pore (PNP); preopercular pores [PP]; supraocular pore (SOP). 



aporos and P. nudus lost head pores independently, character state 2 evolved only once 

for the ingroup, and is a potential synapomorphy for Parioglossus; but is reversed to state 

1 in the ancestor of P. sinensis and then evolved to state 2 for P. palustris. Head pores 

usually exhibit a constant pattern within a species, and are used as an important character 

to distinguish species in other gobioids (Miller, 1973). However, in P. raoi. head pore 

pattem is variable. Individuals ascribed to this species (105 specimens) have been taken 

in a single collection. They are identical in al1 character States except the pattem of head 

pores (see also character 9, and they have therefore considered to be the sarne species 

(Remis and Hoese, 1985). Thus head pores in this species are considered to be 

intraspecifically variable. CI=0.50; RI=0.50; RC=0.25. 

(5). Nurnber of preopercular pores: (O) - 3 preopercular pores; (1) - 2 preopercular 

pores; (2) - no preopercular pores (Fig. 14). Al1 outgroup taxa have 3 preopercular pores, 

Parioglossus formosus. P. intemptus. P. puhstris. P. rainfordi and P. taeniatus have 2 

preopercular pores; the character state for P. raoi is ambiguous as it  may have no or 2 

preopercular pores; other ingroup taxa have no preopercular pores. When optimized on 

the cladogram, character state 2 evolved twice in the ingroup taxa. It is one of the 

characters that support the monophyly of Parioglossus. Character state 1 evolved once 

for the ingroup taxa afier P. aporos separated and then evolved to state 2 for P. sinensis. 

CI=0.67; RI=0.83; RC=O.56. 

(6). Rostral cartilage ossification: (0) - rostral cartilaginous; (1) - rostral cartilage 

replaced (at least in part) by bone (Fig. 15). Outgroup taxa and Porioglossus dorui, P. 

lineatus, P. marginalis, P. neocaledonicus, P. philippinus, P. sinensis, P. triguetrus and 

P. sp A possess a cartilaginous rostral. The character state for P. verticalis is unknown, 



Fig. 1 5. Oegree of ossification of rostrai cortiloge of P U ~ ~ O ~ ~ O S S U S .  
Ossified rostral cartilage of P roiniordi (A) and cortiiaginous 
rostral of P nudus (01 [scale b a r  = 1 mm]. 



based on the optimization, it probably has a cartilaginous roseal; other ingroup taxa have 

the rostral partially ossified. Character state 1 evolved twice independently for the 

ingroup: once for P. nudus and once for the ancestor of P. aporos group (then reversed to 

a cartilaginous rostral for P. sinensis). C1=0.33; RI=0.71; RC=0.24. 

(7). Ventral postcleithnun: (0) - ventral postcleithrum present; (1) - ventral 

postcleithm absent. Character state 1 evolved twice independently for the ingroup: once 

for the ancestor of the clade Parioglossus triguetrus to P. dotui (Fig. 20) and once for the 

ancestor of P. nitdus. The presence of a ventral postcleithnim appears to be the 

plesiomorphic character state, since al1 outgroup taxa and the m t  of the ingroup taxa 

have a ventral postcleithrum. CI=0.50; Fü=0.80; RC=0.40. 

(8). Color surrounding female anus: (0) - anal region pale; (1) - a dark ring 

around the anus. Parioglossus dotui, P. neocaledonicus and P. marginalis have a dark 

ring around the anus of female. It seems that character state 1 evolved only once for the 

ingroup taxa and it is a synapomorphy that unarnbiguously supports the grouping of these 

three species. Character state for P. veriicalis is unknown, based on the optimization, it 

probably has character state zero. CI=l; RI=l; RC=l . 

(9). Number of gill rakers on ceratobranchial 1 and epibranchial 1 : (0) - the 

nurnber of gill raken more than 21; ( 1 )  - gill rakers range fiom 15 to 20; (2) - gill rakers 

range fiom 12 to 1 5 (1 5 gill rakers could be coded as 1 or 2, depending on those numbers 

of other specimens of the species). Outgroup taxa have more gill rakers than ingroup 

taxa, with more than 2 1 gill raken (no species has 2 1 gill rakers); Parioglossus nudus and 

P. aporos have 12 - 15 gill rakers; other ingroup taxa have 15-20 gill rakers. 

Optimization of this character suggests that character state 2 evolved twice independently 



for P. aporos and P. nudus; character state 1 is optimized as a potential autapomorphy for 

Parioglossus (DELTRAN), or, character state zero could be a potential autapomorphy for 

Nemateleotris magnijcu and Ptereleotris (ACCTRAN), next outgroup is needed to 

decide which character state is the denved state. CI=0.67; RI=0.67; RC=0.44 

(1 0). Ossification of pelvis: (0) - bone; (1) - cartilage (Fig. 16). Parz'oglossus 

do fui, P. interruptus, P. neocaledonicus, P. nudus, P. philippinus, P. sinensis and P. sp A 

have a cartilaginous pelvis (condition for P. verticalis is unknown. Based on the 

optimization, it probably has the plesiomorphic character state). In al1 the outgroup taxa 

and the other ingroup taxa it is ossified. Optimization of this character suggests that 

character state 1 evolved four times for the ingroup taxa: P. interruptus, P. sinensis, the 

ancestor of P. philippinus groups and the ancestor of P. dofui and P. neocaledonicus. 

CI=0.25; lü=0.50; RC=O. 13, 

(1 1). Shape of anterior nasal opening: (0) - short tube; (1) - simple pore. The 

anterior nasal opening of Parioglossus aporos, P. lineutus, P. nudus, P. philippinus, P. 

rainfordi, P. triqueîrus, and P. verticalis is a simple pore whereas al1 outgroup taxa and 

the other ingroup taxa have a tubular anterior nasal opening. Optimization of this 

character suggests there is 1 acquisition of the pores, with three revenals in members of 

Parioglossus. Character state 1 is one of the potential synapomorphies for Parioglossus. 

CI=O.25; Iü=O.50; RC=O. 1 3. 

(1 2). Shape of procunent cartilage: (0) - cylindncal; (1) - more or less irregular in 

shape (Fig. 17). Nemuteleoiris magnifcu, Ptereleotris hanae, Parioglossus aporos, P. 

nudus, P. philippinw, P. triguetrus and P. sp A have a cylindrical procurrent cartilage 



Fig. 1 6. Ossification of peMs, A: cartilaginous peMs of PcriogIosus ssinensis. 
and B: ossified pehns of i! minfordi (scde bar = 1 mm). 



Fig. 1 7 .  Procurrent cartilage shape. (A: Porioglossus rainfordi, 0: P nudus] 
(not to scale). 



(condition for P. verticalis is unknown. Based on the optimizatioa, it probably has 

character state 0); the remaining ingroup taxa and Ptereleotris microlepis have an 

irregular one. Character state t evolved once in Ptereleotris microlepis and twice 

independently in the ingroup: once for the ancestor of ingroup taxa afier P. triguetrus 

separated, and once for the ancestor of the ingroup taxa after P. aporos separated. 

CI=0.33; Rk0.67; RC=0.22. 

(1 3). Presence of lateral stripe: (0) - no lateral stripe; (1) - distinct lateral stripe 

present (Fig. 1 8). Parioglossus fonnosuî, P. interruptus, P. lineatus, P. neocaledonicus, 

P. raoi, P. sinensis and P. taeniutw posses a distinct lateral stripe. The outgroup taxa and 

other ingroup taxa do not have such a stripe. Character state 1 evolved three times 

independently among members of the i cpup :  once for the ancestor of P. fornrtosus 

group (then experienced a reversal for P. palustris); once for P. neocaledonicus; once for 

P. lineatus. Ck0.25; RI=O.SO; RC=O. 13. 

(1 4). Presence of black spot or strip on caudal fin: (0) - no black spot or strip on 

the caudal fin; (1) - black strip on caudal fin; (2) - a black spot on caudal fin (Fig. 18). 

Al1 the outgroup taxa and P. nudus lack a black spot on caudal fin; P. aporos, P. dotui, P. 

formosus, P. raoi, P. sinensis, P. tueniatus and P. verticalis have a black sîrip on the 

caudal fin, while in other ingroup taxa a black spot is present. Condition for P. marginalis 

is uncertain: females have a black spot while males have a black strip present, coded as 

"or" ('T'). Character state 1 evolved once among the ingroup taxa. Character state 2 

evolved three times among the ingroup taxa: once for the ancestor of P. intemrptus and 

P. palustris; once for P. rainfordi and once for the ancestor of P. philippinur group, with 

one reversa1 to character state 1 for P. dotui and one reversa1 to state zero for P. nudus. 



Character state 1 is a poteniid synapomozphy for Purioglossus. This interpretation of this 

character may be amenable to ontogenetic analysis, since the juveniles of at least 

Ptereleotris evides (not examined here) have a black spot on the caudal fin. Next 

outgroup is needed to properly polarize the character States. CI=0.33; Rb0.56; RC=O.lg. 

(15). Salinity of the habitat: (0) - marine; (1) - fiesh water. Only P. 

neocaledonicus lives in freshwater. It is an autapomorphic character for this species. 

CI=1; RI=RC=O. 

(16). Elongation of spines of male spiny dorsal fin: (O) - dorsal An elongate; (1) - 

no elongation (Fig. 18). Parioglossw dotui, P. neocaledonicus, P. nudus. P. verticalis, P. 

sp A and Ptereleotris hanae do not have the first donal fin elongated, while al1 other taxa 

have state O. Character state 1 evolved three times in the ingroup taxa, and evolved 

independently in Ptereleotris bnae. CI=O.ZS; RI=0.40; RC=O. 10. 

(1 7). Number of soR rays in pelvic fin: (0) - S rays in pelvic fin; (1) - 4 rays in 

pelvic fin. Only Nemateleotris nragnifica has 5 pelvic fin rays. CI=1; RI=RC=O. 

( 18). Number of second dorsal-fin rays: (0) - more than 20; (1) - 1 5- 19; (2) - 15 or 

fewer (1 5 rays could be coded as either 1 or 2, depending on the number of other 

specimens of the same species). Al1 the outgroup taxa have more than 20 so ft fin rays. 

Ingroup taxa, Parioglossus aporos, P. formosus and P. sinensis have character state 2; 

character state for P. neocaledoninrî. P. rainîrdi. P. raoi and P. taeniatu is ambiguous 

(they may have character state 1 or 2), other taxa have character state 1. It is possible that 

character state 1 evolved once in this gmup and it is optimized as a potential 

synapomorphy for Parioglossus. Character state 2 evolved once for this group 



F ig . 1 8. Extemal morphoiogicd c harac ters of PO~ioglossus [not t 0  %ale]. 
A: P lineafvs, 0: f? vertïca/is. C: P taeniatus, D: P nudus. 



and expenenced a reversal to state 1 for P. intemptus and P. palustris. CI=0.67; 

Ri=0.75; RC=0.50. 

(19). Number of anal-fin rays: (0) - over 20; (1) - 15-20; (2) - 15 or fewer. (1 5 

rays could be coded as either 1 or 2, depending on the number of other specimens of the 

sarne species). Outgroup taxa have more rays (more than 20), P. oporos, P. formosus and 

P. sinensis have the fewest fin rays (state 2), while the character States for P. rainfordi 

and P. rad are ambiguous (it could be either state t or 2). Al1 other ingroup taxa have 

character state 1. Character state 2 evolved once in the ingroup taxa with a reversa1 to 

state 1 in the P. taeniatus group, while character state 1 was optimized as the potential 

synapomorphy for the ingroup taxa. CI=0.67; RI=0.75; RC=0.50. 

(20). Number of pectoral-fin rays: (0) - 21 or more; (1) - 20 or fewer. Ptereleotris 

hanae and P. microlepis tend to have more rays (state O), while Nemateleotris rnagnifica 

and al1 ingroup taxa with character state 1. Thus the next outgroup is needed to tell which 

character siate is more derived. Character state zero could be an autapomorphy for 

Ptereleotris or character state 1 to be the derived state for Parioglossus and 

Nemateleotris. CI=RI=RC= 1 .  

(2 1). Presence of black spot on first dorsal fin: (O) - no black spot; (1) - black spot 

present. Parioglossus raoi is the only taxon that has a black spot on first dorsal fin. 

Character state 1 is an autapomorphic condition for P. moi. CI=l; RI=RC=O. 

(22). Presence of vertical body bars on male: (0) - none; (1) - 12-14 vertical bars 

present. Purioglossus neocaledonicus and P. verticaiis are the only two species that have 

the vertical bars on males, however, it seems that this character state evolved 

independently in these two species. CI=0.5; RI=CI=O. 



(23). Dorsal fin pterygiophore formula: (O) - 3 (3201 0); (1) - 3 (22 1 10). Only the 

species in Ptereleotn's have pterygiophore formula of 3 (320 10). It could be a 

presumptive synapomorphy shared by mernbers of the genus Piereleotris. CI=Ri=RC=l . 

(24). Ossification of pterygiophores of the first dorsal fin: (O) - pterygiophores are 

ossified; (1) - pterygiophores cartilaginous. Parioglossus dotui, P. neocaledonicus, P. 

nudus and P. sp A have cartilaginous pterygiophores; al1 the outgroup taxa and other 

ingroup taxa have ossified pterygiophores (condition for P. verticalis is unknown. Based 

on optimization, it has character state zero). Character state 1 evolved twice for the 

ingroup taxa: once for the ancestor of P. dotui and P. neocaledonicus and once for the 

ancestor of P. nudus and P. sp A. CI-0.50; RI=0.67; XC=0.33. 

(25). Ossi fication of pterygiophores of second dorsal fin: (0) - pterygiophores 

ossified; (1) - pterygiophores cartilaginous. Al1 species except Parioglossus 

neocaledonicus and P. nudus have the pterygiophores of the second dorsal fin ossi fied. 

Character state 1 evolved twice for these two species. CI=0.50; RI=RC=O. 

(26). Ossification of pterygiophores of the anal fin: (0) - pterygiophores ossified. 

(1) - pterygiophores cartilaginous. Al1 species except P. neocaledoninrs and P. nudus 

have the pterygiophores of anal fin ossified. Character state 1 evolved twice 

independently for these two species. CI=0.50; RI=RC=O. 

(27). Proximal radials of pectoral fin: (0) - ossified; (1) - cartilaginous. 

Parioglossus dotui, P. neocaledonincs, P. nudus and P. sp A have cartilaginous radials; 

character state for P. philippinus is ambiguous, it could be O or 1, based on the any 

instance coding method (Campbell and Frost, 1993), it was assigned state 1, condition for 

P. verticalis is unloiown, based on optimization, it probably has character state zero. Al1 



outgroup taxa and other ingroup taxa have ossified proximal radials. Character state 1 

evolved twice arnong the ingroup taxa: once for the ancestor of P. doiui and P. 

neocaledonicuî; once for the ancestor of P. philippinus groups. CI=O.SO; RI=0.75; 

RC=0.38. 

(28). Scapula: (0) - ossified; (1) - cartilaginous. Only Nemateleotris magriifica has 

an ossified scapula (condition for P. veriicalis unknown. Based on optimization, it 

probably has character state l), thus it is probably an autapomorphic condition. CI=1; 

RI=RC=O. 

(29). Ctenoid scales: (0) - present; (1) - absent. Again, only Nemateleotris 

magnifica has ctenoid scales, which is assumed to be a plesiornorphic character state by 

Remis and Hoese (1 985). CI=l; RC=RI=O. 

(30). Elongation of anterodorsal process of preopercle (Fig. 19): (0) - does not 

reach symplectic; (1) - reaches the anteroventral process of symplectic. Four species have 

an elongated anterodorsal process of preopercle, Le. Ptereleotris hanae, Parioglossus 

philippinus, P. ruinfordi and P. sp A. Other ingroup and outgroup taxa share the 

plesiomorphic condition (condition for P. veriicalis unknown. Based on optimization, it 

probably has character state 0). Optimization suggests that the elongated process evolved 

three times for the ingroup and once independently for P. hanae (DELTRAN) or that 

character statel evolved twice for the ingroup taxa with one reversa1 (to character state 

zero) for P. nudus (ACCTRAN). Ck0.25; RI=RC=O. 

(3 1). Length of the posterior process of pelvic fin (expressed as percentage of the 

total length of pelvic fin): (0) - more than 20%; (1) - less than 20%. Al1 outgroup taxa 



Fig . 1 9. Variation of preopercle process. (A: Pariogosus papalustris, 
0: P roinfordfl [not to scale). 



and P. neocaledonicus, P. nudus, P. philippinus, and P. triquetrus have character state 

zero; while al1 other ingroup taxa have character state 1 (conditions for P. Iineatw and P. 

verticalis unknown). Optimization suggests that either character state 1 evolved three 

times independently with one revend back to character state zero for P. neocaledonicus 

(ACCTRAN) or that character state 1 evolved four times independently for the ingroup 

taxa (DELTRAN). CI=0.25; RI=0.50; RC=O. 13. 

(32). Branching of posterior dorsal-fin rays: (0) - about 10 rays branched; (1) - 

unbranched. Parioglossus aporos, P. interrupus, P. palustris, P. nudus and P. sp A with 

their postenor 10 dorsal fin rays unbranched (state 1); while al1 outgroup taxa and other 

ingroup taxa with branched postenor dorsal fin rays. Optimization suggests that charac ter 

state 1 evolved three times independently for the ingroup taxa: once for P. aporos, once 

for the ancestor of P. interruptus and P. pulustris; and once for the ancestor of P. nudus 

and P. sp A. CI=0.33; RI=O.SO; RC=O. 17. 

(33). Branching of posterior anal-fin rays: (0) - about 10 rays branched; (1 ) - 

unbranched. Parioglossus aporos, P. internrptus, P. nudus, P. palustris, P. philippinus 

and P. sp A with character state 1, while al1 outgroup taxa and the remaining ingroup taxa 

with character state zero. Optimization suggests that character state 1 evolved three times 

independently for the ingroup taxa: once for P. aporos, once for the ancestor of P. 

interrupus and P. palustris; and once for the ancestor of P. philippinus group. CI=0.33; 

RI=0.60; RC=0.20. 

Systematics of Parioglossus: 

Three most parsimonious trees were generated with a tree length of 92 steps with 

a CI = 0.46; CI excluding uninformative chanicten = 0.43; Retention Index (RI) = 0.60; 



Rescaled Consistency Index (RC) = 0.27. The results supported the mowphyly of 

Parioglossus. Strict consensus of the three most parsimonious trees shows the following 

relationships among species: ((((P. h i ,  P. neocaledonicus) P. marginalis) P. lineutus) 

P. triquetrus); which is the sister group of ((P. nudus, P. sp A) P. philippinus); the 

grouping of ((P. interrupttcs, P. palustris) P. taeniatus); with P. raoi and P. sinensis form 

a polytomy; with P. fornosus as their sister species and P. rainfordi as the sister species 

of the aforementioned group; P. aporos is the sister species of the P. fonnosus group; this 

group and the P. philippinus group are sister groups with P. verticalis being the sister 

species of al1 other ingroup taxa (Fig. 20). Ptereleotris microlepis and P. hunae are most 

closely related to each other among the outgroup taxa; however their relationship with 

Nemateleotris magnijka and the genus Parioglossus was not resolved. The monophyly of 

Parioglossus was supported by the following character States: 4(2), 5(2), 9(1), 11(1), 

14(1), 18(1), and 19(1). Al1 these characters exhibited some degree of homoplasy. 

Confidence and Accurac y of the Topology : Several met hods are curren t 1 y 

used to estimate the confidence and accuracy of tree topology. It is impossible to test the 

accuracy of tree topology directly over the scale of evolutionary time, and the methods 

discussed below may not be the best ones. However, they may be good indicators of 

hierarchical structure, support, or ranked confidence. 

Distribution of cladogram lengths @CL, Kitching et al., 1998): The method 

suggests that the shape of a tree-length distribution provides a good indication of the 

presence of a phylogenetic signal in a data set (Fitch, 1984; Hillis, 1985, 199 1 ; 

Huelsenbeck, 199 1 ; Le Quesne, 1989). This test was performed using PAUP* (Swofford, 

1997). Ten thousand random trees were generated, with a mean of 147 steps, skewness 





(gl index) of -0.50. The result showed that the distribution of the tree-length has a stxong 

left skew, gl much less than the critical gl value (which is about -0.20, according to 

Hillis and Huelsenbeck, 1992), which suggested that the data set contains more sûuctured 

information than a random data set would have. Whether the skewness of the fiequency 

of tree lengths can suggest a phylogenetic signal or not is still a question (Kallersjo et al., 

1992), because it  is: (1) sensitive to the fiequency of states within each character, and (2) 

insensitive to the addition of characters exhibiting similar distributions. It is unclear how 

modifications to the calculation of a skewness index could overcome these drawbacks. 

Bremer Support Indices: These are similar to skewness of the distribution of tree 

lengths. They had been variously referred to as "length difference" (Faith, 199 1 ), 

"Bremer support" (Kallersjd et al., 1992), "decay index" (Donoghue et al., 1 992), "clade 

stability" (Davis, 1993) and 'branch support" (Bremer, 1994). The Bremer Support 

Indices calculates "the number of extra steps required before a clade is lost from the strict 

consensus tree of near-minimum-length cladogams" (Kitching et aL, 1998: 127). The 

more steps required to collapse a particular node, the more relative confidence of that 

node. The BSI value was calculated using PAUP*. Nodal support showed that one more 

step would collapse al1 branches except for the monophyly of Purioglossu~. The Bremer 

support indices suggest that the cladograrn for the ingroup is not a robust one. There are 

several reasons for this. One is that it was not always easy to identiQ morphological 

characters which contained phylogenetic information, since "gobioid fishes have 

undergone both morphological specialization and degeneration" (Akihito et al., 2000a: 

14). Character optimization also suggests that subsequent character evolution and 

reversal occur cornrnonly. The current study has a fairly low Consistency Index, which 



suggests there is a lot of homoplasy present, Other possible reasons include that species 

may have evolved very early in geological time, which makes the tracing of their 

relationship very difficult (Murphy, per. comm.); or they may have evolved 

simultaneously or within a short time, which would usually result in a polytomy. The 

study of Akihito et al. (2000a) suggests that the gobioid fish may have evolved rapidly 

and relatively recently. The current study demonstrated that the osteology of 

Parioglossus is relatively conservative, except the caudal skeleton, and many informative 

characters show homoplasy. This makes it more dimcult to interpret relationships; other 

methods may have to be employed to satisfactorily solve the phylogeny of the genus. 

Bootstrap: Nodal consistency was assessed using bootstrap proportions (BSP, 

Felsenstein, 1985). The basic idea of BSP is to resample characters with duplication to 

construct a pseudomatrix of the same size as the original one, the most parsimonious tree 

is consmicted (this comprises a single bootstrap replicate). The process is repeated n 

times (usually 100 or 1000), each replicate is then subject to some clustering protocol 

(Sanderson, 1989). The number of times a particular node in the most parsimonious 

solution is replicated among the trees produced fiom the pseudomatrices is referred to as 

the bootstrap proportion (Hillis and Bull, 1993). Figure 2 1 is the 50% majority rule 

consensus tree denved fiom bootstrapping my data set with PAUP* (Swofford, 1997). It 

involved 1000 random replicates of the data, using maximum parsimony as the optirnality 

cnterion. If these values are indicaton of nodal consistency indices (as suggested by 

Hillis and Bull, 1993 and Sanderson, 1995), then it indicates that the monophyly of 

Purioglossw is strongly supported (99%), and that the relationship between Ptereleotris 

hanae and P. microlepis is also well supported (84%). There is no support for the 
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structure of ingroup taxa. The result is similar to ihat of Bremer support However, 

employing bootstrap violates the assumption of element independence and identical 

distribution (Jones et al., 1993), because characters are not randomly sarnpled (Le. 

characters are typically sarnpled from different character systems, e. g. osteology, 

extemal morphology). Thus this assumption was systematically violated in the 

construction of the data matrix, a violation which is probably hue of most data sets 

(Sanderson, 1995). Truman (1993) cancluded that BSP is quite useless in assessing 

confidence. The relationship of the bootstrap to phylogenetic accuracy is still under 

question. 

Permutation Tai1 Probabilities (PTP, Archie, 1989; Faith and Cranston, 199 1) was 

also analyzed using PAUP* (Swofford, 1997). The PTP method of Faith and Cranston 

(1 99 1 ) involves the permutation of character States among taxa, the analysis of the 

permuted matrices, and a calculation of the number of times permuted matrices generated 

shorter solutions than the original data. The PTP value is the ratio of the times the 

permuted matrices generated shorter solutions @lus 1 for the original matrix) over the 

number of times permuted matrices did not generate shorter solutions. The following 

criteria were used: only ingroup taxa randomized, optimality critenon = maximum 

parsimony, starting tree(s) obtained via stepwise addition, branch-swapping algorithm: 

tree-bisection-reconnection (TBR); steepest descent option not in effect; branches 

collapsed if maximum branch length is zero; 'MulTrees' option in effect, topological 

constraints not enforced, trees are unrooted; 1000 permutation test replicates showed that 

the p = 0.001. If, as suggested by Bryant (1992), the PTP value could be interpreted as 

the overall confidence of a data set, then, it indicates that the topology is not a random 



one. However, since there is no structure for the ingroup taxa, in this case, there is little 

value in doing a PTP test. 

Weighting of characters: The idea that characters must be, or need to be, weighted 

is persistent in cladistics (Kitching et al., 1998). The first approaches to character 

weighting were largely subjective. For morphological characters, criteria such as their 

structural complexity, constancy among taxa, the "Darwin principal" (characters of low 

adaptive value should be weighted higher) and character correlation were considered 

appropriate (Kitching et al., 1998). nie first cladistic approach to character weighing was 

proposed by Fanis (1969). There are currently two types of character weighting, Le. the a 

priori and a posteriori weighting. For a priori weighting, there are two different 

approaches: character analysis and character compatibility. There are also two 

approaches to a posteriori weighting, both based on the notions of consistency of 

cladistic and the reliability of characters: successive weighting (Farris, 1969, 1989a) and 

implied weighting (Goloboff, 1993). However, the weighting of characters is actually 

equivalent to excluding some charactea and non-randomly replicating others. Thus, the 

new data set does not necessarily give the same topology as the equally weighted one. 

When using successive weighting (generated by PAUP*, based on Rescaled Consistency 

Index), PAUP* generates 17 equally most parsimonious trees, none of which are among 

the three equally weighted trees. It was suggested that character weighting might be able 

to produce more consistent c ladograms (Kitching el al., 1 998). Without an explicit idea 

about the evolutionary track of the genus it might be wise to weight al1 the characters 

equally . 

Description of a New Species: ~oriog~ossus sp. A: 



Material: NSMT-P 30652.5 (202-22.8). 1 C&S (2î.8). ipponmatsu, Usa, 

Shikoku, Japan. 33'3 1' N, 131°22' E. 17 May, 1988, Okamura. 

Diagnosis: Dorsal fins VI, 1 16-1 8; anal fin 1 16-1 7; pectoral fin 16-18; branched 

caudal rays 6+5; longitudinal scale count 76-82, scales non-imbricate; gill opening 

moderate, extending forward to below and just behind middle of operculum; gill rakers 

3+14; 5 circumorbital pores; no preopercular pores; dorsal spines not elongated in either 

sex; second dorsal and anal rays branched; caudal fin truncate to slightly emarginated; 

blackish lateral stripe absent or difhse anteriorly; triangular black spot at base of middle 

caudal rays with apex pointing postenorly. 

Description: Rostral cartilage not ossified; ventral postcleithnim present; mouth 

inclined upward at angle of 60-70' to longitudinal axis of body; anterior nasal opening a 

short tube; head pores: posterior nasal pore, antenor interorbital pore, posterior 

interorbital pore, supraocular pore and infiaorbital pore present (no preopercular pores); 

dorsal spines increasing in length to spine 5,  which is the longest and may reach to the 

origin of second dorsal fin; spine 6 shorter than spine 5 ;  no dorsal spin elongating in 

either sex; second dorsal and anal fins with 3-5 branched rays, others usually unbranched. 

Pectoral-fin margin oblong, fin slightly less than head length; innemost and outerrnost 

pelvic rays unbranched; middle two rays branched; pelvic ray 3 longest but not prolonged 

in either sex and does not reach to anus. Cylindrical pmcurrent cartilage; pelvis cartilage 

not replaced by bone. 

Color in alcohol: head dusky; body yellow with black, triangular spot at middle 

of caudal rays; dorsal, anal and pelvic fins yellow, with brown margin; dusky patch 



sometimes present posterior to eye just beluw infiaorbital pore; pectoral fui base d u e ;  

anus pale to brown. 

Distribution: This species has been collected only at Ipponmatsu, Usa, Shikoku, 

Japan. 

Comments: This species looks similar to P. palustris in body color and pigment 

pattern. However, P. palustris has two preopercular pores (vs. none); imbricate scales 

(vs. nonimbricate); P. palustris has 7+6 branched caudal rays (vs. 6+5). 



CHAPTER 5. BIOGEOGRAPHY OF PARIOCLOSSUS: 

It is assumed that there is a recognizable, close relationship between a species and 

the space it occupies (Hennig, 1966). However, the question of why certain species are 

present in certain areas has intrigued many researchers for the last two centuries. There 

are currently two differently opinions as to how to address thk problem. One is the so 

called "narrative biogeography", which is not based on corroborated phylogenetic 

hypotheses for the taxa involved (thus not relevant in a cladistic view); the other is the so 

called "anal ytical biogeography", which employs cladistic methods to anal yze the 

histoncal pattem (thus more commonly used). However, a diversity of opinion exists on 

the methods that are most appropriate to analyze hisionsiil patterns (Nelson and Platnick, 

198 1 ; Wiley, 1988; Humphries and Pannti, 1999). One is the reduced area cladogram 

method (Rosen, 1978, 1979). Another is component analysis (Platnick, and Nelson, 1978; 

Nelson and Platnick, 198 1 ), which attempts to search for concordance among different 

clades in their shared patterns of common ancestry, with respect to biogeography; that 

pattem consists of s h e d  area-relationships, or components (Nelson and Platnick, 198 1 ; 

Humphries and Parenti, 1999). A component is a set of two or more areas postulated to 

have a historical relationship inferred fiom mapping distributions on species-cladograms 

(Cracraft, 1988). A third method is the biogeographic parsimony analysis (Brooks, 1981, 

1985, 1990; Brooks and McLennan, 1991; Wiley et ai., 1991) or Brooks Parsimony 

Analysis (BPA of Wiley, 1988). There is also the group compatibility method of Zandee 

and Roos (1 987); and the "ancestral maps methoci" (Wiley, 1980, 198 1). 

Of these methods, the area cladograrn nduction methods had been abandoned as a 

general method, because in deleting potentially relevant information from the reduced 



area cladograms (by removing the incongruent elements of diffèrent patterns) one may be 

"fixing" the result (Wiley, 1988; Humphries and Parenti, 1999). The component method 

has also been criticized because it uses consensus technique (resulting in either Adams 

(1972) or Nelson (1979) trees) to search for conpence between the area cladograms of 

different groups, and consensus is inherently less parsimonious than straight parsimony 

analysis (Miyarnoto, 1985; Zandee and Roos, 1987). On the other hand, BPA treats the 

areas as independent variables and the taxa being coded as dependent variables. Terminal 

species are coded as apornorphies for the areas in which they occur, while hypothetical 

ancestral species are coded as synapomorphies uniting areas based on the assumption that 

the range of a descendant provides a partial estimate of the range of its immediate 

cornmon ancestral species (wsch is necessary in a vicariance approach). There are 

several other methods such as "parsimony analysis of endemicity" (PM, see Rosen and 

Smith 1988; Crisci and Morrone, 1995), which is not a histoncal method (Humphries and 

Parenti, 1999), thus will not be discussed in the curent thesis. None of the above 

mentioned methods is perfect; however, the BPA method employs parsimony criteria, 

and is supposed to be the best method so far. 1 will use BPA to interpret the historical 

biogeography of Parioglossw (but see page 9 1). 

Among the species in the genus PuriogIossus. P. philippinus and P. taeniatus are 

the most widespread species, and are distributcd fiom the Western Paci fic to the Indian 

Ocean; P. raoi. P. formosus and P. nudus are the next most widespread species. 

Parioglossus aporos, P. marginalis. P. neocdedonicus, P. sinensis. P. triguetrus, P. 

verticalis and P. sp A appear to be local endemic species. In most cases, these small 

fishes live in the muddy waters. When collected with rotenone, they rise to the surface 



bnefly and then us&y disappear and are especially df icdt  to collect in mangroves 

(Remis and Hoese, 1985). It is possible that, as tropical mangrove zones are sarnpled 

more extensively, the distributional range of many of these species will be extended. 

Afier 1985, records of the species have been more fiequently reported (e.g. Suzuki and 

Senou, 1992; Kim and Han, 1993; Suzuki et al., 1994,1996; Allen, 1996; Chen et al., 

1997; Ng et al., 1999). Even so, the current distribution of the genus could be very 

incomplete. It is also possible that some of these "species" might be hybrids, or even 

represent different morphs of the same species (Miller, 1971). As there is no ontogenetic 

data available, and the biology of only a few species is known (e.g. Shinomiya et al., 

1 98 1 ; Webb, 1986), the above problem is not readily addressed. The study of the 

biogeography and speciation of the genus may give us a clearer idea about the inter- 

relationships of the ingroup members and their evolution. 

To study the biogeography of the genus, the distributions of the species were 

divided into 1 1 areas (Fig. 22). Distributional borders may be oceanic or land based as 

convenience dictates; within each subscnbed area, not al1 species will range throughout 

its full extent. (1) - Madagascar area: South of Equator, West of Chagos Archipelago. (2) 

- North Indian Ocean: North of Equator, east to Andaman and Nicobar Islands, south to 

Sumatra. (3) - Western Australian area: South of the Equator, east of Chagos 

Archipelago, along Sumatra, Java, to New Guinea. (4) - East China Sea area: including 

Yellow Sea, East China Sea, along the Ryukyu Islands to Taiwan. (5) - South China Sea 

area: South China Sea southwest to Sumatra, including eastem portion of Andaman and 

Nicobar Islands. (6) - East Japan ma: south to Yap Islands, West along east side of 

Kyushu, Honshu and Ryukyu Islands, north to Yokohama (7) - Philippine Island area: 



along the boundary of South China Sea, east to Philippines, south to Java Sea. (8) - 

Caroline Island area: along the boundary of Mariana Island, West to Philippines, east to 

Marshall Islands, south to Equator. (9) - New Guinea area: including New Guinea and 

Solomon Islands, north to Equator. (10) - East Australia area: along the boundary of 

Australia, east to Great Barrier Reef. (1 1) - New Caledonia area: along the boundary of 

Santa Cruz Islands, Vanuatu, New Caledonia, to Fiji. For distribution of the ingroup taxa 

see figures 23-33 and Appendix 2. Coding method follows that of Brooks and McLennan 

(1 991) and Wiley et al. (1991). If the area was occupied by a taxon, then it was assigned 

1, otherwise O was assigned. A hypothesized outgroup was included in the matrix, where 

for al1 the taxa it was assigned a value of O. 

By running an analysis on the data matrix for the relationship of different area 

(using PAUP*), one most parsimonious tree was found with a length of 53 steps (Fig. 

34); CI = 0.60; HI = 0.40; Ri = 0.64 and RC = 0.39. It was found that areas 2 and 5 are 

most close1 y related to each other, and they form the sister areas of the remaining areas. 

Of the remaining areas, areas 6 and 11 are sister areas, with area 1 as their sister areas; 

areas 4 and 9 are sister areas, with area 8 as the sister area, and area 7 as the sister area of 

((4, 9) 8); area 10 is the sister area of areas (((4,9) 8) 7), which foxms the sister areas of 

area 3; these areas form the sister areas of ((6, 1 1) 1). This result is interesting, since 

areal is well removed geographically h m  areas 6 and 11; it is not likely that they can be 

sister areas. Nodal support indices (Bremer, 1994) shows that one extra step will collapse 

al1 nodes; which indicates that the topology is not a robust one. This is reasonable, since 

the matrix used in BPA analysis is based on the phylogeny of the taxa studied, and the 



Fig. 22. Maps of areas used in BPA analysis. 



Fig . 23. Distribution of Parioglossus aporos (rectangel]. 
P neocaledonicus (circle] and F! sinensis (triangle]. 



Fig. 24. Distribution of Purioglossu~ dotui (rectangles), F! marginalis 
(triangle) and P sp A (circle]. . 



F ig . 25. Distribution of PariogIossus forrnosus. 



Fig. 26. Distribution of Porioglossus interruptus. 



F ig . 2 7. Distri bution of Parioglossus lineafus [triangles], F! triqueifus 
(rectangle) and P verticdis [circle). 



F ig. 28. Distribution of Purioglossus nudus. 



Fig. 29. Distribution of Parioglossus palustris. 



Fig . 30. Distribution of Parioglossus philippinus. 
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Fig . 3 1 . Distribution of Porioglossus ruin fordi. . 



Fig . 32. Distribution of Purioglossus moi. 



Fig . 33. Distribution of Parioglossus taeniatus. 



Fig. 34. Area relationships suggested by the phylogeny and 
distribution of Purioglossus. 



phylogeny of Parioglossus is not a robust one. This, in tum, results in the BPA results 

being poorly supported. In the mean time, BPA will give better result when minimums of 

three cladograrns are present (McLennan, per. cornrn). In my analysis, there is only one 

phylogeny to build up the data matrix, which makes it difficult to rule out dispenal. 

Indeed, This might be another reason for the weakly supported topology. Indeed, BPA is 

designed to search for congruence in area / taxa relationships, and can only properly be 

applied to multiple independent clades. It was used here to provide the beginnings of 

such a database, but the results obtained should not be treated very senously. Ten 

thousand random trees were generated by PAUP* to test DCL (Kitching et al., 1998). 

The result shows a mean of 76 steps and g1 indices of -0.3 1, suggesting that the data set 

contains more structured information than a rmdom data set would (Hillis and 

Huelsenbeck, 1992). For more information on the optimization of the species' 

distribution, see appendix 4. 

The distribution maps show that areas 7,8 and 9 contain the highest diversity in 

terms of number of species present. Several scenarios had been proposed to explain this: 

one is that the East Indies was the centre of origin where successful new species are 

produced (Bnggs, 1992, 1995, 1999). An alternative hypothesis is that the original 

faunistic centre was located in the islands of the central Pacific and that prevailing winds 

and currents had carried species into the East Indies (Ladd, 1960). Another explanation 

for the high level of species diversity is that the East Indies represents an area of overlap 

between the biotas of the Indian and Pacific Oceans (Woodland, 1983). According to the 

centre of origin scenario of Briggs (1 992, 1995, 1999), the distribution pattern for a 

certain taxonomie unit would be: the species evolved later will occur at this area, while 



the species evolved early will be disüibutd further away; and that the age of the species 

will be found to increase with distance fiom the centre. However, the current study did 

not support Bnggs' scenario. Parioglossus verticalis, which appean to be the species 

evolved the earliest in the group, only occurs in the central region (area 8); while P. 

dotui, P. neocaledonims, P. marginalis and P. sp A, al1 derived species, do not occur in 

this region. The most wildly distributed and one of the evolved-early species, P. 

philippinus. does not occur in areas 8,10 or 1 1. If, based on the centre of origin theory, 

the central area also has a high diversity of cornpetition and disease, it should also be a 

centre of extinction. So once localized extinction occurs, it should expand outwards fiom 

the centre; thus, if the distribution of P. philippinus di4 show signs of extinction, it should 

become extinct in areas 9 a d  7 before area I l ,  and it would not exhibit the distribution 

that it actually has. Another widely distributed and early-evolved species, P. rairitfordi, 

occurs in areas 4,7,8,9 and 10, but not in other areas. It also violates the distribution 

pattem of "centre of origin". Among the species in Porioglossw, only the distribution 

pattem of P. nudus supports the scenario of Briggs. In the meantirne, there is no sign of 

the supposed age gradients. Thus, my study shows that the East Indies is not the centre of 

origin, and in fact, the existence of such a "centre of ongin" is doubtful. The analysis 

presented here favors the scenario presented by Woodland (1983), despite the fact that his 

work was not based on any phylogeny. The geological history of the western Pacific has 

been very complex during the last 60 million years (MY) - see, e.g. Lee and Lawver 

(1 995). In the Paleocene (60MYA), the Philippine Islands were situated at 1 4S0E and 0"- 

10°N, and were moving towards the West; north end of the New Guinea-Australia plate 

was located at 25"s and 120°E, moving towards the northeast. By the Oligocene 



(3OMYA), the Philippines had moved to 1 3S0E and 0-1 O0 N, New Guinea shi Aed to 1 SOS 

and 1 ZOE.  The Caroline ridge also moved into this general area, located at 1 60°E, right 

on the Equator. In the Middle Miocene (1 SMYA), the Philippines were located at 1 2S0 

E, 15O N; New Guinea at IO0 S, the Caroline Islands were located at 145" E. During the 

Pliocene (SMYA), New Guinea and Australia kept moving north, and reached about 5" S, 

and the general topography of the region looked very similar to that of the present day 

(Lee and Lawver, 1995). It is possible that, when those islands moved towards the 

triangular central area, all, or many of them brought their own endemic species with 

them, which contributed to the pool of the species in that area, making it a centre of 

biodiversi ty. 

The proposa1 that a given species might be widespread was made for the 

following reasons: (1) The species did not respond to geographic subdivision by 

speciating (failure to speciate); (2) the species dispersed into one of the areas (dispersai); 

and (3) the species is misidentified (Wiley et ai., 1991). This study shows that limited 

dispersal is evident: P. dotui is distributed in areas 4 and 6, although these two areas are 

adjacent to each other at the present time, they are not sister areas in the cladogram. It is 

possible that the species dispersed either from area 4 to area 6 or vice versa. Parioglossus 

formosus, one of the more widely-spread species, is distributed in areas 3-5 and areas 7- 

I l .  However, it is not present at areas 1,2 and 6. Since area 5 is adjacent to areas 3,4 and 

7; area 11 is adjacent to areas 8,9 and 10, it is possible that its presence in areas 5 and 1 1 

is due to dispersal. Parioglossuî nudus is one of the more morphologicalIy derived 

species, and it is found in areas 7 , 8 , 9  and I l ,  but not in area 4 (its distribution pattern is 

the only one that supports the scenario of Briggs); since area 1 1 is adjacent to areas 8 and 



9, it is possible that its presence in area 11 is due to dispersal, anâ its absence in area 4 

could be an extinction or inadequate sarnpling. Another wide-spread species, P. rad, is 

present in areas 2,4,5,7 - 9 and 11; it is possible that its presence in areas 2,s and 11 

may be due to a dispersa1 event. Parioglossus taeniatus is another widely-spread species. 

It is present in areas 1,4,6 - 8 and 1 1, but not areas 3,9 and 10. The presence in areas 1, 

6 and 1 1 could be a result of a dispersa1 event, and its absence in area 9 could be due to 

extinction or inadequate sampling. Parioglossus philippinus is the most widely-spread 

species. It is present in al1 areas except 8, 10 and 1 1, and its absence in these areas could 

also be the result of extinction or inadequate sarnpling. Parioglossus aporos, P. 

intemptus, P. lineatus, P. mcirginalis, P. neocaledonicus, P. sinensis, P. triquetms, P. 

verticdis and P. sp A, al1 with very limited distributions, seem to have &sen as a result 

of vicariance. Purioglossus palustris (which is present in areas 3,4 and 7-10) and P. 

ruinfordi (which is present in areas 4 and 7-10) also seem to have arisen as a result of 

vicariance. 



CHAPTER 6. CHARACTERS OF THE INGROUP SPECIES: 

Porioglossus aporos Remis and Hoese, 1985, no comrnon narne: dorsal fins VI, 1 

1 3- 1 5; anal fin 1 13- 14; pectoral fin 1 5- 16; branched caudal rays 7+6; longitudinal scale 

count 63-75, scales non-imbricate; gill opening moderate, extending ventrally to just 

below lower margin of pectoral base and behind middle of operculum; gill rakers 2+10- 

13; no circumorbital pores; no preopercular pores; dorsal spines 3-5 elongate in males 

over 2 1 mm; not elongate in females. No lateral stripe or stripe difhse anteriorly, 

blackish stripe present from above anal fin extending to caudal fin. Found in coastal 

waters of Indonesia. 

Parioglossus dotui Tomiyarna, 1958, no comrnon narne: dorsal fins VI, 1 1 6- 1 7; 

anal fin 1 16- 18; pectoral fin 17-20; branched caudal rays usually 7+6, occasionally 6+6; 

longitudinal scale count 74-88; scales non-imbricate; gill opening moderate, extending 

ventrally to below middle of operculurn; gill rakers 3-4+ 13- 15; 5 circurnorbital pores, no 

preopercular pores; no dorsal spine elongate in either sex; females with prominent black 

ring around anus. Prominent dark stripe present fiom posterior margin of eye to upper 

pectoral-fin base and from caudal peduncle to tips of rays 9-10. It has been found in 

estuaries to marine bays and of the coastal waters of Japan and Korea. 

Purioglossus/ormosus (Smith, 193 l), yellow-striped dartfish: dorsal fins V-VI, 1 

13- 15 (usually VI, 1 14); anal fin 1 13-1 5 (usually 1 14); pectoral fin 15-1 7 (usually 16- 

17); branched caudal rays 7+6; longitudinal scale count 66-78; scales non-imbricate; gill 

opening narrow, extending ventrally to just below lower margin of pectoral base and 

below rear quarter of operculum; gill rakers 3-4+ 12- 14; 5 circumorbital pores and 2 

preopercular pores; dorsal spines 3 and 4 elongate in males, non-elongate in females. 



Widespread in the Gulf of Thailand, Philippines, Ryukyu Islands, Indonesia. Palau. 

Papua New Guinea, Vanuatu (Fiji), Japan, Taiwan, western Great Barrier Reef 

(Australia). Found in shallow waters of mangroves or coastal reefs, ofien in schools. 

Parioglossus intermptw Suzuki and Senou, 1994, no common narne: dorsal fins 

V-VI (usually VI), 1 16-1 8; anal fin 1 16-1 8; pectoral fin 16-1 7; branched caudal fin rays 

7+6-7; longitudinal scale count 7 1-97; scales imbricate; gill opening narrow, extending 

ventrally to just below lower pectoral base and below posterior third of operculum; gill 

rakers 3-4+13- 15; dorsal spines 3 and 4 elongate in males, not elongate in fernales; 4 

circumorbital pores (posterior nasal pore absent) and 2 preopercular pores; a narrow, 

black lateral band extending fiom posterior edge of eye through upper part of opercle and 

through the lower half of trunk, fading gradually above anal fin, not extending to caudal 

fin base. A black triangular to oblong blotch on caudal fin between 5th or 6th and 15th or 

16th segmented rays, not extending ont0 fin base. Known fiom Iromote Island (Japan), 

Papua New Guinea and Irian Jaya. 

Parioglossus lineatus Rennis and Hoese, 1985 (A of Fig. 18), no common name: 

dorsal fins VI, 1 1 5-  16; anal fin 1 15- 16; pectoral fin 1 8-20; branched caudal rays: 7+6; 

longitudinal scale count 75-83; scales non-imbricate; gill opening nanow, extending 

ventrally to just below lower pectoral-fin base and below rear quartet of operculum; gill 

rakers 3-4+15- 16; 5 circurnorbital pores and no preopercular pores; dorsal spines 4 and 5 

elongate in both sexes. Dark lateral stripe present, dorsal edge of band dong midside; 

vertical dark bar on base of caudal fin; dark stripe on dorsal midline. Found in the 

mangrove zones of the Palau Islands, Japan and the Solomon Islands. 



P ariogIossus marginalis Rennis and Hoese, 1985, no cornmon name: d o d  fins 

VI (rarely V), 1 16- 18 (usually 1 1 7-1 8); anal fin 1 1 7- 18; pectoral fin 1 7- 19 (usually 18- 

19); branched caudal rays 7+6; longitudinal scale count 90-105; scales non-imbricate 

(said by Rennis and Hoese (1985: 179) to be "imbricate on body, occasionally non- 

imbricate on caudal peduncle", but the two specimens 1 checked appeared to be non- 

imbncate al1 over the body); gill opening moderate, extending forward to below and just 

behind middle of operculum; gi11 rakers 3-4+1415; 5 circumorbital pores, no 

preopercular pores, dorsal spine 5 elongate in males; no spines elongate in females; nm 

around anus of females black; dark stripe h m  caudal peduncle to tip of middle caudal 

rays in males, females with 3-4 vertical bars on caudal An. Associated with sand and 

rocky substrates in shallow water of estuarine and coastal marine habitats; found at Port 

Hacking and Sydney Harbour (Sydney, New South Wales, Australia); also seen in 

Wagonga estuary, southem New South Wales. 

Parioglossuî neocaledonicus Dingerkus and Séret, 1992, no cornmon narne: 

dorsal fins VI (rarely V), 1 14- 16 (usually 16); anal fin 16- 17; pectoral fin 1 9; branched 

caudal rays 6-7+6; longitudinal scale count 103- 1 10; scales non-imbricate; gill opening 

moderate, extending forward to below and just behind middle of operculum; gill raicers 

2+ 14; 5 circumorbital pores, no preopercular pores; no elongate of dorsal spine in either 

sex; female with black coloration around the anus; males with 12-14 vertical stripes 

under the second dorsal fin; a dark horizontal strîpe nuuiing mid-laterally down the body. 

Collected in fresh to slightly saline water of New Caledonia. This is the only species in 

the genus that was reported to live in fiesh water. 



Parioglossus nudus Rennis and Hoese. 1985 (D. Fig. 18). no cornmon name: 

donal fins VI, 1 15-1 8; anal fin 1 16-1 7; pectoral fin 16-1 8; branched caudal rays 6+5; 

body scaleless; gill opening narrow, ending ventrally just below lower pectoral-fin base 

and below posterior quarter of operculum; gill-raken 1 -3+ 12- 14; no circumorbital pores, 

no preopercular pores; dorsal spines not elongated in either sex. Found on coral reefs at 

depths of 5 to 37 meten fkom Fiji, Solomon Islands, Papua New Guinea, Palau Islands, 

and Philippines. 

Parioglossus palustris (Herre, 1945a), no comrnon narne: dorsal fins VI, I 16- 1 7; 

anal fin 1 16- 18; pectoral tin 16- 19; branched caudal rays 7+6; longitudinal scale count 

78-89; scales imbricate; gill opening nanow, ending ventrally just below lower pectoral- 

fin base and below posterior quarter of operculum; gill rakers 3+ 13- 15; 5 circumorbital 

pores and 2 preopercular pores; dorsal spines 3-5 elongate in males over 20 mm, no 

elongation in females; no dark lateral stripe on body. Found in shallow waters of 

mangrove zones of Bomeo, Philippines, Papua New Guinea, northem Australia and 

Japan. 

Parioglossus philippinus (Herre, 1945b). no common narne: dorsal fins VI, 1 16- 

19 (usually 1 7- 18); anal fin 1 16- 19 (usually 17- 18); pectoral fin 1 7-20 (usually 18- 19); 

branched caudal rays 6+5; longitudinal scale count 6 1-8 1 ; scales non-imbricate; gill 

opening narrow. ending ventrally just below lower pectoral-fin base and below posterior 

quarter of operculum; gill rakers 2-3+12- 14; 5 circumorbital pores, no preopercular 

pores; dorsal spine 5 elongate for males over 20 mm; no elongation in females; round to 

elongate black spot at base of middle caudal rays. Widespread in the southwestern Pacific 



and Indian Oceans from the Northern Territory (Australia), New Britain (Papua New 

Guinea), Gulf of Thailand, India, Madagascar, Philippines and Japan. 

Parioglossus rainfordi McCulloch, 192 1, no common narne: dorsal fins V-VI, 1 

14- 1 7 (usually 1 15- 16); anal fin 1 14- 16 (usually 1 15); pectoral fin 16- 18 (usually 17- 

18); branched caudal rays 7+6; longitudinal scale count 90- 109; scales non-imbricate or 

imbricate; gill opening narrow, ending ventrally just below lower pectoral-fin base and 

below postenor quarter of operculum; gill rakers 3-4+14-15; 5 circumorbital pores and 2 

preopercular pores; donal spine 3 elongate to filamentous in both sexes; males with grey 

to brown vertically elongate bar at base of caudal fin rays 2-14, h a l e s  and immature 

males with dark round spot at base of caudal rays 4- 12. Found in shallow water around 

mangroves of northern Queensland (Australia), Papua New Guinea, Indonesia, Caroline 

Islands, Palau Islands, Philippines, and Japan. 

Parioglossus raoi (Herre, 1939), no common narne: dorsal fins VI, 1 14- 16 

(usually 1 5); anal fin 1 14- 16 (usually 15); pectoral fin 15-1 8 (usually 16- 17); branched 

caudal rays usually 7+6; longitudinal scale count 70-85; scales imbricate, occasionally 

non-imbricate; gill opening n m w ,  ending ventrally just below lower pectoral-fin base 

and below postenor quarter of operculum; gill rakers 3-4+12-14; 0-4 circumorbital pores 

(no posterior nasal pore), 0-2 preopercular pores; dorsal spines 3 and 4 longest in males, 

no spines prolonged in fernales; black stripe present fkom pectoral fin base to caudal 

peduncle, arching ventrally posteriorly and continuing just above anal fin, becoming 

diffuse and disappearing on caudal peduncle. Shallow water in mangroves, estuaries, and 

coastal marine habitats, associated with mud, sand and rock; widespread from Fiji to the 

Andaman Islands and north to Japan. 



Parioglossw sinensis Zho- 1994, no common name: dorsai tins VI 1 14- 15; 

anal fin 1 14- 15; pectoral fin 1 7- 19; branched caudal rays 7+6; longitudinal scale count 

97-1 07; scales non-imbricate; 4 circurnorbital pores (no posterior nasal pore), no 

preopercular pores; gill opening n m w ,  ending ventrally just below lower pectoral-fin 

base and below posterior quarter of operculum; gill rakers 2-3+ 13- 14; dorsal spine 3 and 

4 elongate in males, no elongation in females; a longitudinal black band along the middle 

of the body to the end of the caudal fin and a subdorsal band from the head to the caudal 

peduncle. Found in Zhejiang Province, P.R China. 

Parioglossus taeniatus Regan, 19 12 (C, Fig. 1 8), no common name: dorsal fins 

VI, 1 14- 16 (usually 15); anal fin 1 i 5-16; pectoral fin 16- 19 (rarely 19); branched caudal 

rays 7+6; longitudinal scale count 76-86, scales imbncate; 011 opening nmow, ending 

ventrally just below lower pectoral-fin base and below posterior quarter of operculum; 

gill rakers 3-4+13- 15; 4 circurnorbital pores (no posterior nasal pore), 2 preopercular 

pores (for specimens over 19rnm); dorsal spines 2,3,  and 4 elongate in males; no 

elongation in females. Found in areas of sand, silt and rocks in estuaries, mangroves and 

coastal waters of Vanuatu (Fiji), Palau Islands, Philippines, Japan, Ryukyu Islands and 

Aldabra (western Indian Ocean). 

Parioglossus triguetrus Remis and Hoese, 1985, no comrnon name: dorsal fins 

VI, 1 1 5- 1 7 (usually 16- 1 7); anal fin 1 1 7-1 8 (usually 1 7); pectoral fin 1 7-1 9; branched 

caudal rays: 7+6; longitudinal scale count 83-95; scales imbricate anteriorly, occasionally 

non-imbricate posteriorly; gill opening moderate, extending forward to below and just 

behind middle of operculum; gill rakers 2-4+11-14; 5 circumorbital pores and no 

preopercular pores; dorsal spines 2-5 elongate in males but no dorsal elongation in 



females; blac k, usually triangular, spot on base of caudal rays 6- 1 1. Found in mangroves 

of Fiji. 

Pariogiossus verticalis Rennis and Hoese, 1985 (B, Fig. 18), no common name 

(al1 information based only on the male holotype): dorsal fins VI, 1 17; anal fin 1 17; 

pectoral fin 18; branched caudal rays 7+6; longitudinal scale count 103, scales imbricate; 

gill opening moderate, extending forward to below and just behind middle of operculum; 

gill raken 4+15; 5 circumorbital pores, no preopercular pores; no elongate dorsal-spines; 

dusky to black spot at base of caudal rays 5-1 3; extending to tips of rays 8- 10; black ring 

around anus; 13 dark vertical bands along dorsal half of body under second dorsal fin; 

outer half of anal fin black. Found in shallow coastal water or mangroves (holotype from 

two stations that were combined) of Pohnpei. 

Porioglossus sp A, no common name: dorsal fins VI, 1 16- 18; anal fin 1 16- 17; 

pectoral fin 16-18; branched caudal rays 6+5; longitudinal =ale count 76-82; scales non- 

imbncate; gill opening moderate, extending forward to below and just behind middle of 

operculurn; gill rakers 3+14; 5 circumorbital pores; no preopercular pores; no elongate of 

dorsal spines; dorsal and anal fuis with brown margin; black, triangular spot at base of 

middle caudal rays; found in Japan. 

Out group: 

Ptereleotris hanae (Jordan and Snyder, 1901), threadfin dartfish: dorsal fins VI, 1 

23-26; anal fin 1 23-26; pectoral fin 21-24; branched caudal rays 7+6; gill opening wide, 

extending forward to below the posterior preopercular margin; gill rakers 6-8+17-2 1 ; 

longitudinal scale count 120; scales non-imbricate (occasionally imbrkate posteriorly); 3 

circumorbital pores (no posterior nasal pore, no antenor interorbital pore); 3 preopercular 



pores. Found in Western Pacific, east to Samoa and the Line Islands, to Western 

Australia; usually found on mbble and sand bottoms near reefs. 

Ptereleotris microlepis (Bleeker, 1856), pale dmfish: dorsal fins VI, I 25-29; anal 

fin 1 24-27; pectoral fin 21-24; branched caudal rays 7+6; gill opening wide, extending 

forward to below the posterior preopercular margin; gill rakers 6-7+19-23; longitudinal 

scale count 1 10; scales imbricate; 3 circumorbital pores (no posterior nasal pore, no 

anterior interorbital pore); 3 preopercular pores; no dorsal spine elongate in either sex. 

Indo-Pacific distribution. 

Nemateleotris rnagnijlca. Fowler, 1938, the fire dartfish: dorsal fins VI, 1 28-32; 

anal fin 1 26-30; pectoral fin 16-20; peivic fin 1 5; gill opening moderate, extending 

forward to below and just behind middle cf operculum; gill rakers 4-7+ 1 8-2 1 ; 

longitudinal scale count 108- 130; scales imbricate; 4 circumorbital pores (no posterior 

nasal pore), 3 preopercular pores; first dorsal spine extremely elongate; oblique black 

stripe converging antero-medially on each lobe of caudal fin. Found in Indo-Pacific. 
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Appendix 3. Character evolution in Parioglossus. 
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Appendix 4. Optimization of species' distribution. 
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