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Abstract Three new species of batrachotrematid trematodes from the small paa frog, Nanorana minica, collected in Uttarakhand, India are described and illustrated: Batrachotrema korbaensis sp. nov., Opisthioparorchis dehradunensis sp. nov. and Opisthioparorchis nanoranae sp. nov. The new species are assigned to genera based on presence or absence of cuticular spines; absent in Batrachotrema, present in Opisthioparorchis. Five species are assigned to Batrachotrema, which are separated by position of genital pore, location of testes and host; B. korbaensis differs from previously described species in that it is the only species from an anuran host with testes in the 4th quarter of the body. Ten species are assigned to Opisthioparorchis, which are separated by testes position, extent of vitellaria, and oral sucker-acetabulum ratio. O. nanoranae sp. nov. is the only species possessing tandem testes. Two species, O. dehradunensis sp. nov. and O. yaanensis, possess oblique testes, the remaining 7 species have symmetrical testes. Opisthioparorchis dehradunensis sp. nov. is distinguished from O. nanoranae sp. nov. by testes orientation; oblique in O. dehradunensis sp. nov., tandem in O. nanoranae sp. nov.



Keywords Batrachotrema korbaensis sp. nov., Opisthioparorchis nanoranae sp. nov., Opisthioparorchis dehradunensis sp. nov., Trematoda, Nanorana minica, Amphibia, India



Introduction During necropsy of frogs collected at Korba Village, Uttarakhand, India, 3 specimens of the small paa frog, Nanorana minica (Dubois, 1975) were found to harbour 3 species of previously undescribed batrachotrematid trematodes. One species was assigned to Batrachotrema Dollfus et Williams, 1966 and the other 2 to Opisthioparorchis Wang, 1980. Batrachotrematidae Dollfus et Williams, 1966 was erected by Dollfus and Williams (1966) for Batrachotrema petropeditis Dollfus et Williams, 1966 taken from the intestine of a Sierra Leone water frog, Petropedetes natator. Prudhoe and Bray (1982) suggested that the genus was best accommodated in the Opecoelidae Ozaki, 1925; however, Wang (1980, 1981), Zhang and Sha (1985), Moravec and Sey (1989), Liang et al. (1990), Li (1996, 1997) and Tandon et al. (2005) have assigned new species to the Batrachotrematidae (Table I). Batrachotrematidae is an enigmatic family; Cribb (2005) states that only two features distinguish the Batrachotrematidae from the Opecoelidae, the position of the genital pore and the iden-



tity of the definitive host and that only life-cycle studies and molecular analysis will determine the final status of the family. Currently, there is no life-cycle or molecular phylogenetic information available for any of the species assigned to the Batrachotrematidae (Cribb 2005). Because general usage favours retention of the family, we have assigned our specimens to it. Nanorana minica (Dubois, 1975) is a fairly common species occurring in Western Napal and northern India (Uttar Pradesh and Himanchal Pradesh) at 1000 to over 2400 m elevation and is associated with montane subtropical forests and streams (Frost 2011). To our knowledge, no parasites have been reported from this host. The purpose of this paper is to describe three new batrachotrematid trematode species.



Materials and methods Specimens of Nanorana minica were collected by hand from under stones in the hill stream near Korba Village, Dehradun,
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Uttarakhand, India, 1,488 m elevation: 3 on 19 May 2011; 5 on 2 June 2011. Frogs were brought live to the laboratory and pithed, the body cavity was opened by a longitudinal lateral incision and the gastrointestinal tract was removed. The oesophagus, stomach, small intestine, and large intestine of each frog were examined separately for helminths. Only digeneans were found, which were removed, washed, slightly pressed and fixed in AFA (alcohol-formalin-acetic acid), stained with Semichon’s carmine, dehydrated and mounted in Canada balsam. Subsequently, they were studied and photomicrographed by a BX51 DIC/BF Olympus research microscope with DP20 digital camera from which the illustrations were made.



Results Forty-two trematodes were collected from 3 of 8 frogs and found to represent 3 undescribed species of Batrachotrematidae. One species is assigned to the Batrachotrema Dollfus et Williams, 1966 and 2 to Opisthioparorchis Wang, 1980. Description Batrachotrema Dollfus et Williams, 1966 Batrachotrema korbaensis sp. nov. (Fig. 1) Description based on holotype and 6 paratypes. Body oviform, 1250–1860 long, 670–960 wide at level of acetabulum, devoid of spines. Oral sucker subterminal, 200–262 × 150– 220; acetabulum 150–195 × 125–195, located slightly anterior of midbody. Both suckers weakly muscular. Prepharynx absent; pharynx 112–128 in length, muscular; oesophagus 87– 128 in length, bifurcating anterior to acetabulum, each caecum blind, inflated, reaching level of posterior testis. Two testes, oblique, round, margin entire, near posterior end of body; anterior testis 210–368 × 220–435, posterior testis 243– 370 × 220–400. Ovary round, 188–200 × 170–215, margin entire, slightly posteriodextral to acetabulum, pretesticular; oviduct, Mehlis’ gland complex in region anteriorsinistrad of ovary; uterine coils limited to ovarian and postacetabular area, also separating ovary from anterior testis. Laurer’s canal not found. Cirrus pouch 340–480, claviform, reaches to anterior margin of acetabulum and containing internal seminal vesicle and pars prostatica. Genital pore sinistral, marginal, opening at level of oral sucker-pharynx junction, male and female pores opening into genital atrium. Vitellaria follicular, overlapping caeca, extending from mid-pharynx to posterior margin of posterior. Eggs ovoid, 38–40 × 13–15. Excretory pore distinct, sphincter not elongating body wall; excretory vessel I-shaped. Taxonomic summary Type host: Nanorana minica (Dubois, 1975); Dicroglossidae. Symbiotype, ZSI/NRC//FC20/19.5.11.



Fig. 1. Batrachotrema korbaensis sp. nov., entire, ventral view, scale bar = 200 µm



Type locality: Korba village, Dehradun, Uttarakhand, India (30°39.243´N, 77°51.358´E; 1,488 m elevation). Site of infection: Large intestine. Type specimens: Holotype: ZSI/NRC//IV/T/855; paratypes: ZSI/NRC/IV/T/856 (Zoological Survey of India, Northern Regional Centre, Dehradun). Etymology: The new species is named after locality of the collection, Korba village. Remarks Species of Batrachotrema are listed in Table I. Batrachotrema korbaensis sp. nov. represents the 5th species assigned to the genus and the 2nd species reported from India. It should be noted that we have reassigned Batrachotrema vietnamensis Moravec et Sey, 1989 to Opisthioparorchis and that Batrachotrema yaanensis Zhang et Sha, 1985 was reassigned to Opisthioparorchis by Cribb (2005). The character allowing separation of the two genera is absence of tegumental spines in Batrachotrema and presence of tegumental spines in Opisthioparorchis.
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Batrachotrema korbaensis sp. nov. is similar to B. nagalandensis, B. pseudobagri and B. opistosacca in that these 4 species have sinistral genital pores; it differs from B. petropedatis, which has a dextral genital pore. In B. nagalandensis, the testes lie in the third quarter of the body; in B. korbaensis sp. nov., B. pseudobagri and B. opistosacca, testes lie in the forth quarter of the body. In B. pseudobagri and B. opistosacca, the acetabulum is wider than the oral sucker; in B. korbaensis sp. nov., the oral sucker is slightly wider than the acetabulum. Description Opisthioparorchis Wang, 1980 Opisthioparorchis nanoranae sp. nov. (Fig. 2) Description based on holotype and 24 paratypes. Body oviform, 1150–1600 long, 730–780 wide at level of acetabulum, spinose; spines 10–12 in length. Oral sucker subterminal, 175–245 × 145–225; acetabulum 163–180 × 163–188, located slightly anterior of midbody. Both suckers weakly muscular. Prepharynx absent; pharynx 150–163 in length, muscular; oesophagus 90–130 in length, bificating anterior to acetabulum, each caecum blind, inflated, reaching level of posterior testis. Testes round, margin entire, lying in tandem near posterior end of body, anterior testis 195–275 × 337–338, posterior testis 220–258 × 150–183. Ovary round, 190–200 × 275–288, margin entire, posteriodextral to acetabulum, pretesticular; oviduct, Mehlis’ gland complex in region left of ovary; Laurer’s canal not found. Uterine coils limited to ovarian and postacetabular area and separating ovary from anterior testis. Cirrus pouch 360–500, claviform, containing internal seminal vesicle. Genital pore sinistral, level of oral sucker-pharynx junction, marginal, male and female pores opening into genital atrium. Vitellaria follicular, overlapping caeca, extending from mid-oral sucker to posterior end of body. Eggs fusiform, 40– 45 × 12–14. Excretory pore distinct, sphincter not elongating body wall; excretory vessel I-shaped.



from India (Table I). Opisthioparorchis nanoranae sp. nov. differs from all other species assigned to the genus in that the testes are tandem.



Taxonomic summary



Description



Type host: Nanorana minica (Dubois, 1975); Dicroglossidae. Type locality: Korba village, Dehradun, Uttarakhand, India (30°39.243´N, 77°51.358´E; 1,488.2 m elevation). Site of infection: Large intestine. Type specimens: Holotype: ZSI/NRC//IV/T/857; paratypes: ZSI/NRC/IV/T/858 (Zoological Survey of India, Northern Regional Centre, Dehradun). Etymology: The new species is named after the host genus, Nanorana.



Opisthioparorchis Wang, 1980 Opisthioparorchis dehradunensis sp. nov. (Fig. 3)



Remarks Opisthioparorchis nanoranae sp. nov. represents the 9th species assigned to the genus and the 3rd species reported



Fig. 2. Opisthioparorchis nanoranae sp. nov., entire, ventral view, scale bar = 200 µm



Description based on holotype and 9 paratypes. Body pyriform, 90–100 long, 65–67 wide at level of anterior testis, spinose; spines 5–8 in length. Oral sucker subterminal, 125–130 × 65–170; acetabulum 135–140 × 115–120, located anterior to midbody. Both suckers muscular. Prepharynx absent; pharynx 95–100 in length, muscular; oesophagus 65–80 in length, bificating anterior to acetabulum, each caecum blind, inflated, reaching posterior end of body. Testes round, margin entire, oblique near posterior end of body, anterior testis 195–200 × 180–185, posterior testis 200–205 × 190–195. Ovary round, 115–120 × 110–115, margin entire, posteriodextral to acetab-
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Table I. Species assigned to Batrachotrema and Opisthioparorchis Trematode species Batrachotrema korbaensis sp. nov.



Batrachotrema nagalandensis Tandon, Imkongwapang et Prasad, 2005



Batrachotrema petropedatis Dollfus et Williams, 1966 Batrachotrema pseudobagri Wang, 1981



Batrachotrema opistosacca Lang et Ke, 1988



Host



Locality



Reference



Nanorana minica; Anura: Dicroglossidae



India, Uttarakhand



This study



Amolops marmoratus; Anura: Ranidae



India, Nagaland



Tandon et al. 2005



Pterorana khare; Anura: Ranidae Petropedetes natator



India, Nagaland



Tandon et al. 2005



Sinistral genital pore; testes oblique, in 4th quarter of body Sinistral genital pore; testes oblique, in 3rd quarter of body. Host reported as A. afghanus Host reported as Rana khare



Sierra Leone, Freetown China, Fujian Province



Dollfus and Williams 1966 Wang 1981



Type species; dextral genital pore; testes tandem Fish host



China, Fujian Province



Wang 1981



Fish host



China, Guangdong



Liang and Ke 1988



China, Guangdong



Liang et al. 1990 Li 1997



Tandon et al. 2005



Pseudobagrus fulvidraco; Siluriformes: Bagridae Pseudogastromyzon zebroidus; Cypriniformes: Balitoridae Quasipaa spinosa; Anura: Dicroglossidae



Comment



Sinistral genital pore; testes oblique, in 3rd quarter of body. Host reported as Rana spinosa



Opisthioparorchis boulengeris Li, 1997



Quasipaa boulengeri; Anura: Dicroglossidae



Opisthioparorchis indica Tandon, Imkongwapang et Prasad, 2005



Amolops marmoratus; Anura: Ranidae



China, Wuling Mountains India, Nagaland



Opisthioparorchis megaloonos Liang, Ke et Pan, 1990



Quasipaa spinosa; Anura: Dicroglossidae



China, Guangdong



Liang et al. 1990



Opisthioparorchis meixianensis Liang, Ke et Pan, 1990



Quasipaa spinosa; Anura: Dicroglossidae



China, Guangdong



Liang et al. 1990



Opisthioparorchis nanoranae sp. nov.



Nanorana minica; nura: Dicroglossidae Nanorana minica; Anura: Dicroglossidae Quasipaa spinosa; Anura: Dicroglossidae



India, Uttarakhand India, Uttarakhand China, Fujian Province



This study



Testes symmetrical. Host reported as Rana boulengeris Testes symmetrical. Host reported as A. afghanus Testes symmetrical. Host reported as Rana spinosa Testes symmetrical. Host reported as Rana spinosa Testes tandem



This study



Testes oblique



Limnonectes kuhlii; Anura: Dicroglossidae



North Vietnam, Hanoi China, Sichuan



Opisthioparorchis dehradunensis sp. nov. Opisthioparorchis ranae Wang, 1980



Opisthioparorchis vietnamensis (Moravec et Sey, 1989) n. comb. = Batrachotrema vietnamensis Moravec et Sey, 1989 Opisthioparorchis yaanensis (Zhang et Sha, 1985) Cribb, 2005 = Batrachotrema yaanensis Zhang et Sha, 1985 Opisthioparorchis yunnanse Li, 1996



Nanorana yunnanensis; Anura: Dicroglossidae Quasipaa spinosa; Anura: Dicroglossidae Nanorana liebigii; Anura: Dicroglossidae
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China, Yunnan India, Nagaland



Wang 1980



Type species; testes symmetrical.Host reported as Rana spinosa Moravec and Sey Testes symmetrical. 1989 Host reported as Rana kuhlii Zhang and Sha Testes oblique. 1985 Host reported as Rana phrynoides Li 1996 Testes symmetrical. Host reported as Rana spinosa Tandon et al. Host reported as Rana liebigii 2005
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ulum, pretesticular; oviduct, Mehlis’ gland complex in region left of ovary; Laurer’s canal not found. Uterine coils limited to ovarian and postacetabular area, overlapping intestinal caeca, also separating ovary from anterior testis. Cirrus pouch 250– 370, claviform, reaches dextral margin of acetabulum. Genital pore sinistral, level of oral sucker-pharynx junction, marginal, male and female pores opening into genital atrium. Vitellaria follicular, overlapping caeca, extending from level of pharynx to posterior end of body. Eggs ovoid, 40–47 × 12– 15. Excretory pore distinct; sphincter elongated, causing posterior body protrusion, excretory vessel I-shaped.



Etymology: The new species is named after locality of the collection, district Dehradun. Remarks Opisthioparorchis dehradunensis sp. nov. represents the 10th species assigned to the genus and the 4th species reported from India (Table I). It is similar to O. yaanensis in that these 2 species have oblique testes in contrast to other species assigned to the genus; testes are tandem in 1 species and symmetrical in 7 species. The 2 species differ in oral sucker/ acetabulum ratio, O. yaanensis, 0.56, O. dehradunensis, 0.92 and in O. yaanensis, the cirrus sac reaches the anterior edge of the acetabulum while in O. dehradunensis, the cirrus sac overlies the anterior half of the acetabulum. In addition, the excretory pore sphincter elongated in O. dehradunensis, not elongated in O. yaanensis.



Discussion



Fig. 3. Opisthioparorchis dehradunensis sp. nov., entire, ventral view, scale bar = 200 µm



Taxonomic summary Type host: Nanorana minica (Dubois, 1975); Dicroglossidae. Symbiotype, ZSI/NRC//FC17/2.6.11. Type locality: Korba village, Dehradun, Uttarakhand, India (30°39.243´N, 77°51.358´E; 1,488.2 m elevation). Site of infection: Large intestine. Type specimens: Holotype: ZSI/NRC//IV/T/859; paratypes: ZSI/NRC/IV/T/860 (Zoological Survey of India, Northern Regional Centre, Dehradun).



Cribb (2005) considers the Batrachotrematidae to contain four genera, namely Batrachotrema, Gigantodiscum Wang, 1980, Opisthioparorchis, and Rhacophotrema Uchida, Itagaki et Inoue, 1980. Of these, only Opisthioparorchis is spinose. Gigantodiscum has an acetabulum at least three times the oral sucker; the remaining two genera have similar sized suckers. In Batrachotrema, the intestinal bifurcation is anterior to acetabulum; in Rhacophotrema, the intestinal bifurcation is at the level of the acetabulum. Based upon the presence of spines, Cribb (2005) transferred B. yaanensis Zhang et Sha, 1985 to Opisthioparorchis and designated B. vietnamensis Moravec et Sey, 1989 as incertae sedis. Moravec and Sey (1989) described B. vietnamensis as spinose and with dextral genital pore; however, it was figured as spinose with sinistral genital pore. In addition, the testes are symmetrical in position, the postacetabular ovary is separated from testes by uterine coils, and vitelline follicles extend from forebody to near posterior end. For these reasons, we have transferred B. vietnamensis to Opisthioparorchis. Five species are assigned to Batrachotrema and 10 species are assigned to Opisthioparorchis, with the exception of B. pseudobagri, a parasite of fish, all have frog hosts (Table I). The type species, B. petropedatis, was collected in Sierra Leone, Africa from a petropedetid frog while Oriental species, again with the exception of B. pseudobagri, are known from dicroglossid or ranid frogs. This distinction has led Cribb (2005) to speculate that African and Oriental species may be fundamentally different at the family level. The answer must await molecular phylogenetic examination. It is of interest to note that species of Batrachotrema and Opisthioparorchis frequently co-occur in host and locality, i.e., B. nagalandensis and O. indica in Amolops marmoratus at Nagaland, India (Tandon et al. 2005); B. opistosacca, O. megaloonos and O. meixianensis in Rana spinosa at Guangdong,
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China (Liang et al. 1990); B. korbaensis sp. nov., O. nanoranae sp. nov. and O. dehradunensis sp. nov. in Nanorana minica in this study. Acknowledgements. Thanks are due to Dr. K. Venkataraman, Director, Zoological Survey of India (ZSI), Kolkata for facilities and encouragements. We thank Dr K.P. Dinesh, ZSI, Southern Regional Centre, Chennai, for the identification of the frog host and the members of the survey team from ZSI, Dehradun for field assistance.
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