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 (Hierodula 
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Abstract
Horsehair worms (Nematomorpha) are arthropod parasites. They are famous for 

their unique life cycles and host manipulations. About 300 extant species have been 

identified, but none in Taiwan been recorded. Based on the morphology of male’s 

tail, six types of areoles, vertical pigment line, and mitochondrial COI partial 

sequence, I described a new common horsehair worm species in Taiwan, Chordodes 

formosanus n. sp. and their morphological polymorphisms on the heads and 

tails. Chordodes formosanus parasitized with mantids Hierodula formosana 

and H. patellifera. When matured adult worms left their hosts, then mated and laid 

eggs in water. The hatched larvae infected paratenic hosts such as aquatic animals. 

The infection was detected in larval midges Chironomus sp. from Taipei Zoo. The 

horsehair worms were found in the host’s gut wall, trunk, posterior parapod, anal 

tubes, and ventral tubules. Logically, the horsehair worms land with aquatic insects’ 

imagoes. This was confirmed by the detection of infection in adult caddisflies 

(Chimarra formosana) and one unknown midge (Chironomidae) by using polymerase 

chain reaction (PCR). The horsehair worms invaded and developed inside the 

definitive host after the infected paratenic hosts were preyed. From the morphological 

comparison, the infected mantids, H. formosana, showed shorter wings in both sexes 

with shorter antennae and a reduction in the numbers of antennal sensilla in the 

infected males. This is the first discovery of a host’s sense organ change in the 

parasitism of horsehair worms. The reduced antennal sensilla made the infected male 

look similar to the nymph’s antennae. This may be the result of parasite-induced 

juvenilization. Additionally, the reduction in antennal sensilla was also observed in 

male H. patellifera fallen in water. 

Key words: Parasitism, Chordodes formosanus n. sp., Hierodula formosana, H.

patellifera, Parasite-induced morphological change.  
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 (horsehair worms)  (phylum Nematomorpha)

(definitive host) 

 (Hierodula formosana)

 ( 2004)  2005 

 (1995) 

 (Gordius)  (Paragordius)

 Schmidt-Rhaesa and Ehrmann (2001) 

 (Chordodes)

 (Hanelt et al., 2005)

 (host range) 

 (Schmidt-Rhaes et al., 2005)

 (paratenic host) Schmidt-Rhaesa and 

Ehrmann (2001)  (paratenic host) 

 (

)



2
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( )

 (horsehair worms)  (phylum Nematomorpha) 

 300  2 

(Poinar and Buckley, 2006)  21  20

 (class Gordioida) 1  (class Nectonematoida) (Hanelt et al., 2005)

 1886  (phylum Nematoda) 

 (reviewed in Bleidorn et al., 2002)

 Wülker (1964)  (Metrioptera brachyptera)

 (Gordius sp.)  2 

 (sister group)  (monophyletic group)

Nematoida (reviewed in Bleidorn et al., 2002)

1997 Aguinaldo et 

al.  (metazoan)  18s rDNA 

(Ecdysozoa)

 (Petrov and Vladychenskaya, 2005)
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 Schmidt-Rhaesa (2002a)  22 

Chordodiolus  (Chordodiolus

Beatogordius)  21  5  (Chordodes Nectonema

Beatogordius Acutogordius Noteochordodes)

(autapomorphy)  5  (synonymy)

DNA 

 Bleidorn et al. (2002)  9  15  18s rDNA 

 (Nectonema agile)  14 

( )

1.

(1)

 horsehair worm

hairworm Gordian worm Gordiid worm nematomorph 

 Gordian worm  Gordian knot 

 horsehair 

worm hairworm Gordian worm Gordiid worm nematomorph 

 2 m (Schmidt-Rhaesa and Ehrmann, 2001)

 (Schmidt-Rhaesa et al., 2003)

Schmidt-Rhaesa et al. (2003)  (Nearctic 
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region)

G. tenuis Leidy, 1878

(mermithid nematodes) 

 (Chitwood and Chitwood, 

1950)  (cloacal opening)

 2  (median groove)

 (circumcloacal spine)

 (  3 Pseudogordius 

 4 )

(subpharyngeal brain)  (pharyngeal musculature)  (Bleidorn et al.,

2002)  ( 1995)

(2)

 2  (Gordioida 

Nectonematoida)  Nectonematoida 

 (blindly ending intestine)  (natatory bristles) 

 (giant cells)  Gordioida 

 (subepidermal ventral nerve cord) (Bleidorn et al., 2002)

2002 Schmidt-Rhaesa 

Acutogordius  (postcloacal 

crescent)

 ( white cap)

 ( dark collar)  (areole) 

 (interareolar structure) 
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 (crowned areole

) Parachordodes  superareoles ( )

Paragordionus  megareole

 1978  ( )

C. morgani  1989  (Chandler and Wells, 

1989)

 (Zanca et al., 2006a, b; De Villalobos et al.,

2007, 2009) Schmidt-Rhaesa (2001) 

 (Schmidt-Rhaesa and Yadav, 2003; Schmidt-Rhaesa 

and Brune, 2008)

2.

G. robustus P. varius C. morgani (Hanelt and Janovy, 

2002) C. morgani (Bohall et al., 1997)

 50 m

 (preseptum  postseptum)

 ectodermal septum 

 6  1 
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 (stylet or 

proboscis)  4 

 pseudointestine  pseudointestine Hanelt and 

Janovy (2002)  (paratenic host) 

 (cyst) 

Hanelt et al. (2001) 

Hanelt and Janovy (2002) 

G. robustus P. varius C. morgani  3 

 ( )  (

)  2 

 (Schmidt-Rhaesa and Ehrmann, 2001)  2 

 (multihost complex life cycle

simple life cycle  1 ) (Choisy et al., 2003)

( )  (multihost complex life cycle) 

 (complex life cycle)

 (Choisy et al., 2003)
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Trail 

(1980)  (propagule) 

 (trophic transmission)  Trail 

 ( )  2 

Trail (1980) 

(Thomas et al., 2002)  (trematode)  (acanthocephalan) 

 (Combes, 1991)

 (kin 

selection)  (inclusive ftness) Trail 

 (optimality model) 

Brown et al. (2001) 
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(concentrator) Choisy et al. (2003)

 1 

( )

1.  (free-living stage)  (peudoparasitism) 

 (egg string

)

 Hanelt and Janovy (2002) 

 ( G. robustus  P. 

varius)  ( C. morgani)

 30-50 m
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 2 

 (wormlike juvenile)

 (larval cuticle) 

 (adult cuticle)  (Schmidt-Rhaesa, 

2005)  (Schmidt-Rhaesa et al., 2003)

 (pseudoparasitism) 

Hanelt et al. (2005) 

Ponton et al. (2006)

 ( )

38%

 (nematomorphsis

)

 (Hanelt et al., 2005)

 ( 1995)

 Hanelt et al.
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(2005)

2.  (paratenic host phase)  (paratenesis) 

 (cyst) 

(Schmidt-Rhaesa and Ehrmann, 2001)

hoˆtes d’attente

 paratenic host  (Hanelt and 

Janovy, 2004a)

(Hanelt et al., 2001)  (Inoue, 1962)  (Cort, 1915; Hanelt, 2009)

 (Schmidt-Rhaesa and Ehrmann, 2001) Hanelt

and Janovy (2003)  12 10

 2  ( )

 (P. varius)  (Baetis spp.) 

 (White, 1966)  (Brachycentrus sp.)  (Simulium spp.) 

 (White, 1969)

 (Hanelt 
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and Janovy, 2004a)

 (Inoue, 1962; Hanelt and Janovy, 2004a, b)

Hanelt and Janovy (2004a) 

 (spurious paratenic host)

Hanelt and Janovy (2004b) 

 (P. varius)

 (Physa gyrina)  (Gryllus firmus)

 (paratenesis) 

 (Hanelt and Janovy, 2004a)
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 (Hanelt and Janovy, 2004a)

 (Inoue, 1962)  (colonization cycle) 

(Müller, 1982) 

 (Babitistes serricauda Leptophyes

punctatissima)  (Spinochordodes tellinii)

 (Schmidt-Rhaesa et al., 2005)  (

Potamophylax cingulatus)  (G. albopunctatus)

(Schmidt-Rhaesa and Kristensen, 2006)

3.  (definitive host phase)  (parasite-induced host 

change)

(1)  (castration) 

 1 

(Schmidt-Rhaesa et al., 2005)
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 (carabid beetles) 

 5 

(Schmidt-Rhaesa and Ehrmann, 2001)

P. varius 

 (Schmidt-Rhaesa, 

2005)

 (Capinera, 1999)

 ( )  (castration)

 (Wülker, 1964)

 (intersexuality)

 (mermithid nematode) 

 (Chironomidae) (Rempel, 1940; Wülker, 1985)  (Ceratopogonidae) 

(McKeever et al., 1997)  (Acrididae) (Rowell, 2000)  (Baetidae) (Vance, 

1996)  (Tarachodidae) (Roy, 2003)  (Tettigoniidae) 

(Wülker, 1964)
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(Biron et al., 2005)

(virulence) 

 (Jensen et

al., 2006)

 (Thomas 

et al., 2002)

(2)

 2002  Thomas et al.  Y  (P. 

tricuspidatus)  (Nemobius sylvestris) Thomas et al. (2002)

 (Maeyama et al., 1994)  (Talitridae) (Poulin and Latham, 

2002)  1 

 (parasite-induced manipulation) 
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 (Thomas et al., 2002)

 (Poulin, 1995)

 Poulin (2000) 

Poulin

 (Poulin, 1995)

 (parasitoproteomics) 

Thomas et al. (2003)  (P. tricuspidatus)

 (Nemobius sylvestris)

 (neurogenesis)  Biron et al. (2006)

Biron et al. 

 (taurine)

 (excitation-reducing neuromodulatory rule) 

 (osmoprotection)

 Wnt protein 
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 Wnt 

protein

 CRAL_TRIO  PCI;1 

 (Poulin, 1995)

Simmons (1994)  (gregarine)  (Requena vertica)

(spermatophylax)  Poulin (1995) 
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 (P. tricuspidatus)  (Nemobius sylvestris)

 Biron et al. (2005) 

 Biron et al.
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( )

 2007-2008 

 6  8  1-2 

 ( 2008)

 75% 

( )

 20  (Aedes albopictus)  10 

(Chironomus sp.)  24  3  20 

 1 

 23  25 ± 

0.5 60  RH L D = 12 12  3 

 (Blattella germanica)  5  2  1 

 2  75% 

( )
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 Schmidt-Rhaesa (2002b) 

1.

 5 mm  (

)  1% KOH 15

 2  75% 

 75% 

2.  (Scanning electron microscope, SEM) 

 (  2-10 mm)  (

75 95 100 100  15 )  (  1 2 2 1

0 1  15 )  10 

( )

 (Schmidt-Rhaesa and Geraci, 2006)

 27 

(cytochrome oxidase subunit I gene, COI) 

 DNA  5-7 mm  ALSR 

WatsonplusTM Tissue Genomic DNA Extraction System (Kaohsiung, Taiwan) DNA 

 DNA  ( )  DNA 

LCO-1F (5’-GACCAAAAAATCAAAAAAGATGTTGA-3’)  HCO-1R 

(5’-CAGCCTTTCTAGGCACC-3’)  PCR  641 bp
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PCR  50 l  0.5 l DNA  (5 U) (Stratagene, 

LaJolla, CA) 1 l dNTPs (10 mM) 1 l LCO-1F  (10 mM) 1 l LCO-1F 

 (10 mM) 5 l PCR  (10X) (MgCl2 included) 1 l  DNA 

40.5 l  BiometraR TRIO-ThermoblockTM PCR

(1)  (pre-warming) 95 5 (2)  (denaturing) 95

1 (3)  (Annealing) 56 30 (4)  (extension) 72 1

30 (5)  (2) ~ (4) 45 (6)  (final extension) 72

7  1.5%  (agarose gal) 

 LCO-1F  NCBI 

BLAST 

 CLUSTALX2  564 bp  (alignment)

 MEGA 4.0.2.  (genetic distance)  Kimura 

2-parameter model  Neighbor-Joining tree

 27  1000 

bootstrap

 (Hanelt and 

Janovy, 2003)

( )

 (Chiromonidae) 

 (Diptera: Chironomidae) 
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 (Inoue, 1962)

 0.5 cm

(Chimarra formosana)

1.

 2 

 ( )

 16 cm  1 x 1 mm 

 2-3 

 2 

 2009  2 

8  15  B  (B )  5  2009  5 

 2010  4  1  A  (A )
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A  B 

Fig. 1. Experimental site in Taipei Zoo. Arrows indicate the positions which the 

horsehair worms were found. We put near-ultraviolet light traps in A and B to 

collect adult aquatic insects and collected bloodworms in the water nearby.  

2.

 Kokkinn and Williams (1989) 

Tanytarsus barbitarsis  370-400 nm 

 352-370 nm  289 mm  16 mm

8 w  ( )  6 pm  50 

cm  10 am

 95%  2009  5  2010  4 

 1  A  B 
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 5 x 5 mm 

 300 ml 95% 

 200 ml 95% 

Fig. 2. The light trap with near-ultraviolet light. The iron net with 5 x 5 mm meshes 

surrounds the near-ultraviolet light. The container below the light contains 300 

ml 95% alcohol solution to collect the falling insects. Insects which fly upward 

will be catched by the container on the top with 200 ml 95% alcohol solution. 

( )

 (deoxyribonucleic acid, DNA) 

PCR (polymerase chain reaction)  DNA 

 DNA

(Gariepy et al., 2007)  PCR 
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 PCR 

Zhu and Williams (2002) 

1.

18S rDNA 

18S rDNA  PCR  Bioedit  Genbank 

 ( )  (alignment) 

 18S rDNA  (Nm18F 3’-AAA 

CGT CGA ATC GCG AGG TTC GAC-5’ Nm18-1R 3’-ACC CGG TGA AGA GCA 

CCT AGC C-5’)  DNA  544 bp

(Annealing temperature) (55.0 55.2 55.7 56.6 57.8 59.1 60.5 61.8 63.1

64.2 65.0 )  (Chordodes formosanus n. sp.) DNA 

 20 l  0.2 l DNA  (5 U) (Stratagene, LaJolla, 

CA) 0.5 l dNTPs (10 mM) 0.5 l Nm18F  (10 mM) 0.5 l Nm18-1R 

 (10 mM) 2 l PCR  (10 X) (MgCl2 included) 1 l  DNA 

15.3 l  BiometraR TRIO-ThermoblockTM PCR

(1)  (pre-warming) 95 5 (2)  (denaturing) 95

30 (3)  (Annealing) 55.0 55.2 55.7 56.6 57.8 59.1 60.5 61.8

63.1 64.2 65.0  11  1 20 (4)  (extension)

72 30 (5)  (2) ~ (4) 45 (6)  (final extension)

72 10  1.5%  (agarose gal) 

 DNA 
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(Anisakis simplex)  (Raphidascaris trichiuri)

(Hysterothylacium aduncum)

2.

 (intensity) Hanelt et al.

(2001)  1000  20.4

 1 – 465 

 20 l  PCR  DNA 

DNA  1 10-1 10-2

10-3 10-4 10-5 10-6 ng  DNA

PCR  3  DNA 

 DNA

 DNA 

 DNA 

 DNA  DNA 

 PCR PCR

 DNA  1 l DNA 

 10-2 10-3 10-4 10-5  ng/ l DNA 

20 ng/ l  PCR  3 

3.

 (Aedes albopictus) 2 50 l  0.1 mm zirconia/silica beads  20 
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l TGDE buffer  (TissueLyser II, Qiagen)  29.5 HZ ( /

)  3  200 l TGDE buffer  20 l proteinase K

ALSR WatsonplusTM Tissue Genomic DNA Extraction System (Kaohsiung, Taiwan) 

DNA  DNA  ( )  PCR

 Winterbourn (2005) 

 2008  8  44 

(Essig’s Aphid Fluid, EAF)  8 

47

 DNA  PCR 

 2008  7  40  DNA  5 

 10000  10000  DNA 

 5  135 ng 

93.33%  210 ng  100%  5  PCR

 DNA  135 ng  210 ng

DNA  78.75 ng 135.13 ng  219.70 ng 

DNA  PCR  2 

 DNA

DNA  109.47 ng 133.47 ng  219.47 ng  DNA  PCR

 5  PCR 
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 2008  7  40  (Chimarra formosana)

DNA  5  10000  DNA 

 135 ng  93.33%  210 ng

100%

Fig. 3. Estimation of the DNA quantity distribution by randomly summing up 5 l of 

DNA samples from 40 caddisflies collected in July, 2008 for 10000 times. 

According to the distribution, 93.33 percent lower than 135 ng and all of them 

were lower than 210 ng. 

( )

6  8 

 1-2 
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 75%  1 

( )

 (NM)

 (NF)  ( IM)

 ( IF)

 ( )

( 2004) ( )

 100 

 (  10  10 

100 )
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 (Hierodula formosana)  (1)

 (3)  (8)  (9) ( 2004)

Fig. 4. Morphometric analysis of mantid (Hierodula formosana) including body 

length (1), pronotum (3), forewing (8) and hindwing (9). (picture from Chou, 

2004)

 (sensillum)

 3 large trichoid sensilla small trichoid sensilla  grooved basiconic 

sensilla ( )

 small trichoid sensilla  grooved basiconic sensilla

 50 × 50 m2

 small trichoid sensilla  grooved basiconic sensilla 

 1  Tukey's 

HSD test  R  2.8.1 
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 (Hierodula formosana)

Fig. 5. Three morphologically different sensilla on the antennal flagella of mantid 

(Hierodula formosana).  
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Chordodes formosanus n. sp. 

( )

( )  (Hierodula formosana)  (H. patellifera)

( )

1.

a.

 12  192.8 (74-230) mm

75%  0.7-1 mm

 (  B)

 27-78 m

 17-63 m  (> 10 m) 

2

 2  (ventral strip)  155-160 m

 (flat areole)  2 

 1  (  145-243 m  70-77 m)  (bristlefield) (

 A )

(  D-F)  (white cap)

 (  B)
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 10 

 (Chordodes formosanus n. sp.) (A)

 (Clo) (B)

 (white cap)

Fig. 6. Posterior and anterior ends of male Chordodes formosanus n. sp. (A) Whole 

posterior with the cloacal opening and circumcloacal spines occur concentric 

around it; arrows 1-4 indicate four groups of ornamentation on the ventral 

surface. (B) Tapered anterior end and white tip (white cap). Abbreviations: Clo, 

cloacal opening. 
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 (Chordodes formosanus n. sp.) 

(A) (B)  (Fla) 

 (Bri) (C)  (Bri)  (Coa) (D)

(E) (F)

Fig. 7. Ornamentations in male Chordodes formosanus n. sp. on posterior and anterior 

end. (A) Anterior end with the larval cuticle (arrow). (B) Close view of 

anterior end with flat areoles and bristles stick on the cuticle. (C) Close view 

of cone-like areoles with bristles on the top of the anterior end. (D) Close view 

of bristlefield with branched and unbranched bristles. (E) Close view of 

bristlefield with short and unbranched bristles. (F) Close view of bristlefield 

with thin and unbranched bristles. Abbreviations: Bri, bristle; Coa, cone-like 

areoles; Fla, flat areole. 
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 (Chordodes formosanus n. sp.) 

 (C)  (1-4) 

Fig. 8. Ventral view of male Chordodes formosanus n. sp. posterior end with 

ornamentations (1-4 in the small picture). Abbreviations: C, cloacal opening. 
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 5 

5

(simple areoles)  (tubercle areoles)  (thorn areoles)  2 

 (crowned areoles)  (  A)

 5-8 m

 6-9 m

 1 

 37-57 m  22 m

 (  D)

 2-10  12 -20 

 3  (filaments)  10-15 m

 1  (  C)
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 (Chordodes formosanus n. sp.) (A)

type 1 (Ari1) type 2 (Ari2)

type 3 (Ari3) type 4 (Ari4)  type 6 (Ari6) (B)

 ( ) (C)  (type 6) 

 ( ) (D)

Fig. 9. Areoles on the middle region of male Chordodes formosanus n. sp. (A) Cuticle 

of the middle region of the body with areoles of simple areoles (type 1), 

tubercle areoles with a tubercle on the top (type 2), thorn areole with a long 
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solid thorn (type 3), and clusters containing crowned areoles (type 4 and type 

6). (B) Dorsal and ventral sides are marked by bright lines, and inside the 

ventral side a bright line is marked by a darkly pigmented line (arrow). (C) 

Crowned areoles (type 6) with a central tubercle between two areoles. (D) 

Thorn areole. Abbreviations: Ari1, type 1 areoles (simple areoles); Ari2, type 2 

areoles (tubercle areoles); Ari3, type 3 areoles (thorn areoles); Ari4, type 4 

areoles (crowned areoles); Ari6, type 6 areoles (crowned areoles). 



39

b.

 13  278.9 (78-440) mm  75% 

 1-1.5 mm

 (10- 

27 m)  18-33 m

 (  B)

 5 

 (  A)

 ( )  (11-30 m) 

 36 m

 100 m  2 

 (  C)
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 (Chordodes formosanus n. sp.) (A)

type 1 (Ari1) type 2 (Ari2) type 3 

(Ari3) type 4 (Ari4) type 5 (Ari5)  type 6 (Ari6) type 5 

type 6 type 5  36 

m  100 m type 6  80 m (B)

 (Clo)  (Bri) (C) type 5  type 6 

Fig. 10. Cuticlar surface of female Chordodes formosanus n. sp. (A) All types of 
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areoles on the female middle body, including simple areoles (type 1), 

tubercle areoles with a tubercle on the top (type 2), the thorn areole with a 

long solid thorn (type 4), and clusters of 3 kinds of crowned areoles contain 

types 3-5. Type 3 cluster in 2 to 10 scattered among simple areoles or 

surround types 5 and 6. Both types 5 and 6 cluster in pair, while the forward 

with longer topical filaments (at least 36 m, most longer than 100 m). (B) 

Whole posterior with the cloacal opening terminally and bristles scattered on 

border between flat areoles and normal areoles. (C) Arrangement of type 5 

and type 6 areoles. Abbreviations: Ari1, type 1 areoles (simple areoles); Ari2, 

type 2 areoles (tubercle areoles); Ari3, type 3 areoles (thorn areoles); Ari4, 

type 4 areoles (crowned areoles); Ari5, type 5 areoles (crowned areoles); 

Ari6, type 6 areoles (crowned areoles); Clo, cloacal opening; Bri, bristle. 
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2.

(  B)

(  C)  (  D)

 50 m

 preseptum (  20.55 (16.32-24.78) m  13.21 (10.93-16.34) m)

postseptum (  24.91 (22.52-27.44) m  10.06 (9.25–11.49) m) 

 ectodermal septum preseptum  (  11.04 (9.59-13.25) 

m) postseptum  V 

 pseudointestines pseudointestines  2  8.27 

(7.28-9.82) m  6.70 (5.43-7.59) m  4 

 (  A)
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 (Chordodes formosanus n. sp.) A

B  (egg 

string  6 )

C  D 

Fig. 11. Eggs and larvae of Chordodes formosanus n. sp. (A) Larva, the posterior end 

with more than 2 tail spines which are not shown in the picture. The 

terminologies follow Bohall et al. (1997) and Hanelt and Janovy (2002). (B) 

Eggs which were isolated from egg strings. (C) Egg strings stuck on the 

substrate (arrow). (D) Egg string drifted on the bottom. Abbreviations: EctoS, 

ectodermal septum; Ho, hooklet; PostS, postseptum; PreS, preseptum; PsI, 

pseudointestine; Sty, stylet. 
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( )

 27  22  haplotype  538 

 26  13  singleton  13 

parsimoniously informative sites  NJ tree 

 (polytomy)  bootstraps 

 0.00679 ( )  0.0107  27 

COI
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( )

(6  8 )

 6  8  10 

 1  ( )  1  2 

 3 

 2 

( )  (Remark) 

 (crowned areole) 

Chordodes formosanus n. sp.

 6  (  6 

 5 )

 6 C. 

moutoni (Zanca and de Villalobos, 2005; Schmidt-Rhaesa and Brune, 2008)  C. 

queenslandi (Schmidt-Rhaesa, 2002b) 
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(C. moutoni  (Camelomantis 

giraffe) C. queenslandi Sphodropoda tristis)

C. moutoni  (Zanca and de Villalobos, 2005)

 (darkly pigmented line)

SEM

C. moutoni C. queenslandi  Schmidt-Rhaesa 

and Brune (2008)  SEM 

 Zanca and de 

Villalobos (2005) 

C. moutoni  2002 C. queenslandi 

C.

queenslandi

Y  pseudointestine 

 (autapomorphy) Chordodes 

nobilii (Zanca et al., 2007) Chordodes morgani (Hanelt and Janovy, 2002)

pseudointestine

 (Hanelt and Janovy, 2002)
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( )

1.

 Nm18F  Nm18-1R  PCR 

 55.0 57.8  65.0

 (65.0 )

 DNA 

 DNA  (Anisakis simplex)

 (Raphidascaris trichiuri)  (Hysterothylacium aduncum)

 ( )
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Nm18F  Nm18-1R  (Annealing temperature) 

 (Chordodes formosanus n. sp.) DNA  PCR 

M 1-11 55.0 55.2 55.7

56.6 57.8 59.1 60.5 61.8 63.1 64.2 65.0

 544 bp

Fig. 12. Comparison of the amplified efficiency of horsehair worm’s DNA 

(Chordodes formosanus n. sp.) by primers Nm18F and Nm18-1R under 

different annealing temperature: lanes 1-11 are 55.0, 55.2, 55.7, 56.6, 57.8, 

59.1, 60.5, 61.8, 63.1, 64.2, and 65.0 respectively. The length of the 

amplified DNA is 544 bp. Lane M contains 100-bp ladder size markers.  
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 DNA  Nm18F  Nm18-1R 

A  Nm18F  Nm18-1R M

1-3  (Anisakis simplex)

(Raphidascaris trichiuri)  (Hysterothylacium aduncum)

P  positive control ( Chordodes formosanus n.

sp.) N  negative control ( ) B  positive control

7-9  COI 

LCO1490  HCO2198 (Folmer et al., 1994) 

DNA  positive control N  negative control ( )

Fig. 13. Testing the amplification of three nematodes by primers Nm18F and 

Nm18-1R. (A) is the PCR amplification by primers Nm18F and Nm18-1R. 

Lane 1, Anisakis simplex; lane 2 Raphidascaris trichiuri; lane 3, 

Hysterothylacium aduncum. Lane P, positive control (horsehair worm’s 

DNA); lane N, negative control (water instead of extracted DNA). (B) is 

the PCR amplification by primers LCO1490 and HCO2198 (Folmer et al.,

1994), as the quality control of nematodes’ DNA. Lane 1, Anisakis simplex;

lane 2 Raphidascaris trichiuri; lane 3, Hysterothylacium aduncum. Lane N, 

negative control (water). Lane M contains 100-bp ladder size markers in (A) 

and (B). 
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2.

 DNA 

 1 10-1 10-2 10-3 10-4 10-5 10-6 ng

 DNA  10-4 ng  PCR 

 10-5 ng

 DNA (Chordodes formosanus n. sp.)  PCR 

M 1-7 8-14 15-21  DNA 

 1 10-1 10-2 10-3 10-4 10-5 10-6 ng 

P  N  positive  negative control

Fig. 14. Comparison of the efficiency of PCR under different quantities of horsehair 

worms’ DNA (Chordodes formosanus n. sp.). DNA concentrations for lanes 

1-7, 8-14, 15-21 are equal to 1, 10-1, 10-2, 10-3, 10-4, 10-5, and 10-6 ng, 

respectively. Lane P, positive control (1 ng horsehair worms’ DNA); lane N, 

negative control (water instead of extracted DNA). Lane M contains 100-bp 

ladder size markers. 
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 10-4 ng  DNA  PCR 

 PCR  DNA 

 20 ng  DNA

 DNA  10-2 10-3 10-4 10-5 ng  DNA 

 DNA  10-4 ng  PCR 

 DNA 

 105 1  20 ng  DNA 

 negative control  PCR 

 Nm18F  Nm18-1R  DNA

 DNA  PCR M

1-12 1 l  (Chordodes formosanus n. sp.) 

 (Chimarra formosana)  DNA  DNA  PCR 

 DNA  1-4 5-8 9-12  10-2 10-3

10-4 10-5  ng/ ul  DNA  20 ng/ l

P  positive CB  W  negative control (  DNA )
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Fig. 15. Comparison of the efficiency of PCR under different ratios of horsehair 

worms’ DNA (Chordodes formosanus n. sp.) and caddisflies’ DNA 

(Chimarra formosana). Lanes 1-4, 5-8, 9-12 contain material from PCR 

carried out by 1 l DNA template with 10-2, 10-3, 10-4, 10-5 ng horsehair 

worms’ DNA (Chordodes formosanus n. sp.) and 20 ng caddisflies’ DNA 

(Chimarra formosana), respectively. Lane P, positive control (10-1 ng

horsehair worms’ DNA); lane CB, negative control (20 ng caddisflies’ DNA); 

lane W, negative control (water). Lane M contains 100-bp ladder size 

markers. 

3.

 44 2  1  ( )

 47 

4  DNA  ( )

 41 

 5 

 12.2% 
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 (Chimarra formosana)

Fig. 16. Horsehair worms’ larvae (Chordodes formosanus n. sp.) inside the caddisfly 

(Chimarra formosana) from Taipei Zoo. 

 (Chimarra formosana)  PCR 

M 1-22  11 

P  N  positive  negative control

Fig. 17. Detection of caddisflies (Chimarra formosana) from Taipei Zoo by PCR. 

Lanes 1-22 are detected samples’ DNA. The signal in lane 11 indicated the 

horsehair worm’s infection. Lane P, positive control (horsehair worms

DNA); lane N, negative control (water). Lane M contains 100-bp ladder size 

markers. 
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 78.75 ng 135.13 ng  219.70 ng 

 DNA  PCR

 DNA  (  A)  DNA 

109.47 ng 133.47 ng  219.47 ng  DNA 

 DNA  (  B)

 ( ) DNA  DNA 

 DNA  PCR 

(A)

(Chimarra formosana) DNA  78.75 ng 135.13 ng  219.70 ng 

 DNA  PCR M 1-3  4-6 

 DNA 

 DNA  2 P  N

 positive  negative control  (B) 

 DNA  109.47 ng 133.47

ng  219.47 ng  DNA  PCR M 1-3
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 DNA 

 DNA  3 P  N

 positive  negative control

Fig. 18. Detection of the mixed DNA. (A) is the electrophoretic patterns of PCR  

products obtained by mixing 1 infected caddiesfly’s DNA (Chimarra 

formosana which infected with horsehair worms) with 78.75 ng (lanes 1 and 

4), 135.13 ng (lanes 2 and 5) and 219.70 ng (lanes 3 and 6) noninfected 

caddiesfly’s DNA. Lane P, positive control (horsehair worm’s DNA); lane N, 

negative control (water). (B) is the electrophoretic patterns of PCR products 

obtained by similar method of (A). The DNA template using in (B) is DNA 

from the bloodworm (Chironomus sp.) wich infected with one horsehair 

worm’s cyst (Chordodes formosanus n. sp.) mixed with 109.47 ng (lane 1), 

133.47 ng (lane 2), and 219.47 ng (lane 3) noninfected caddisfly’s DNA. 

Lane P, positive control (horsehair worm’s DNA); Lane N, negative control 

(water). Lane M contains 100-bp ladder size markers in (A) and (B). 

Although the signals on lanes 2 and 4 in (A) and lane 3 in (B) are weak, all 

the PCR products can show the signals on the electrophoretic gels. 

( )

1.

 A  11  4  283 

 Chironomus sp.  274 Parachironomus sp.  17 

Chironomus sp.  8 9

10  2 

 5  7  11 Parachironomus sp.
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Chironomus sp.

 11  1  (

) B  5  3  95 

Chironomus Parachironomus Zavrelimiyia

Chironomus sp.  90 Parachironomus sp. 3

Zavrelimiyia sp. 2 

 2009  2010  (Chironomus sp.)

Fig. 19. Seasonal frequency of bloodworm population (Chironomus sp.) and the 

infection of horsehair worms (Chordodes formosanus n. sp.) in Taipei Zoo 

from 2009 to 2010. 

 A  B Chironomus sp.
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A Chironomus sp.  8 

 111  10 

 (prevalence)  9.0%  8  3 5

 11 12  1 (  27 ) 1 (

 22 ) 2 (  5 ) 1 (  1 ) 2009  2 8  15 

 B  90 Chironomus sp.  5 

5.6%

 20  1  2 

 (mean intensity)  1.05 

 (2 )  (7 )  (7 )  (1 

)  (3 )

 (

 ( )  1  1 

 ( )

 ( )
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 (Chironomus sp.)

Fig. 20. The positions of horsehair worms (Chordodes formosanus n. sp.) inside the 

bloodworms (Chironomus sp.).

 (Chironomus sp.)  ( )

 ( )

Fig. 21. The horsehair worm's shell (left) and the immunity-attacked larval horsehair 

worm (right) inside the bloodworm (Chironomus sp.).
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 (Chironomus sp.)  (Chordodes formosanus n.

sp.)

Fig. 22. Larval horsehair worm (Chordodes formosanus n. sp.) escaped from the shell 

inside the bloodworm (Chironomus sp.). 

2.

 B 

 984  ( )  4.28  0.52 mm (n = 

10)  7  420 

 44.4%  7  91 

 576  44 

 9  8 

9  6.6%  7.1% ( )
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 2009  2010  (Chimarra

formosana)

Fig. 23. Seasonal frequency of caddisfly population (Chimarra formosana) and the 

infection of horsehair worms (Chordodes formosanus n. sp.) in Taipei Zoo 

from 2009 to 2010.  

 B  A  9 

 (28 )  A B  (Chironomidae) (68 )

 8 

 3.6% (1/28)  19.2% (10/52)
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 (NM)  (NF)  (

IM)  ( IF)

( )  ( )

 ( )  NM NF IM

IF  (NM > NF)

 (NM > IM  NF > IF)

 NF IF NM  IM  (NF > NM)

 (NM > IM)

 NM NF IF  IM

 ( )

 NM IM NF  IF  NF  IF 

NM  IM  NF  IF 
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 NM 

 IM NF  IF

 10 

 100  IM  NM 

 30 40 50  10

60 70 80 90 100  NM IM

 NF  IF  20  NM IM IF  NF  IM 

NF

 10 

 0 grooved basiconic sensilla 

 NM  70  90  IM  IF 

 IM NF  IF  small trichoid sensilla 

 30  IM  NF  IF  50 

 60 NF  IF 

 NM IM

 17  IM NF  IF 

 40  NM 

 (50 × 50 m2)  small trichoid sensilla  grooved basiconic sensilla 

 1  16.77 ± 0.73  (n = 13)  IM 

44.92 ± 14.46  (n = 12) NF  46.64 ± 5.55  (n = 11)  IF  48.00 ± 

3.49  (n = 10)  ( )

 (NM) 

 (  1 )  14  19 

 (mean ± 3 SD  99.6% )  (NF)  29  64 

 NF  IF  29 
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 64 NM  14  19  IM  12 

10  29  64 2  14  19  (  16 

 17 )  70  ( )  52  ( )

 NF  mean ± 3 SD 

 43  (  B)

 26  (  A)  17 
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 (Hierodula formosana)

 (a, b, and c were based on the Tukey's HSD test, P

< 0.05)

Fig. 26. Comparison of sensillum densities on the antennal flagella of mantids 

(Hierodula formosana) under different sexes and infection statuses. (a, b, 

and c were based on the Tukey's HSD test, P < 0.05). 
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 (Hierodula formosana)

 (a, b, and c were based on the Tukey's 

HSD test, P < 0.05)

Fig. 27. Comparison of the segment of the antennal flagellum which sensilla first 

occur on mantids (Hierodula formosana) under different sexes and infection 

statuses. 
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 (Hierodula patellifera) (A) 

 (B) 

Fig. 28. Comparison of antennae on rearing mantid (Hierodula patellifera) (A) and 

the mantid collected in the water from Taipei Zoo (B). Numbers on the 

pictures indicate the segment of the antennae. The number of the sensilla in 

(B) is fewer than in (A). This is likely caused by infection of horsehair 

worms. 
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 (Chordodes formosanus n. sp.) 

 7  (Acromantis 

japonica)

 (de Villalobos 

and Zanca, 2001)

 (  B)  2 

 (  A)

 2 
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 2  (  E)

 (  E)

(  F)

 (Chironomus sp.)

 Chironomus

sp.

 8  9.0%

Chironomus sp. 

Gariepy et al. (2007) 

 1 

( )

 ( )  1960  Inoue 

Cloëon-type (
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) Chironomus-type ( )

Chironomus-type 

(Inoue, 1962) Hanelt and Janovy (2004a) 

 ( )  Inoue (1962) 

( 2008)  6  8 

7  (Zanca et al., 2007)

 (Hanelt and Janovy, 2004b)

 8  (Chironomus sp.) 

 8 

 8 9

 9 

 9  10  33 

 7  140  5-6 
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 7 

 ( )  8 

11 12  2 5  2 

 (Hanelt and Janovy, 

2004a)

 6  8 

 1  2  2 

 2  7  9 

2009  2 8  15 

 90  5  2010 

 2  2009  (  17.6  20.2 

9.7  14.6 )

 2 5

Zanca et al. (2007)  (C. nobilii)

11 12  2 

Chironomus sp.  10  3 

 6 7 8

9 10

 11  1  (

)

Chironomus sp. 
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 7 

 (1999)  5 

300  (Amphipsyche proluta)  2 

 Winterbourn (2005) 12-3  (Spaniocerca zelandica 

Cristaperla fimbria)  90% (27/30)

 6 8

 8  ( 2008)

 (2-5 )

(8-12 )  2  9 

 11  4  8  ( 2008)
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Tarachodella monticola Gordius sp. 

 (Roy, 2003) T. monticola 

 Roy T. 

monticola

 (Kaoru, 1956)

 16  18  (

 1 )  46 

 (Tenodera angustipennis, T. aridifolia, and 

T.australasiae)  (Slifer, 1968)

 12 9



76

 35  57  2 

 16  17 

 50 

 grooved basiconic sensilla grooved basiconic 

sensilla  Hurd et al. (2004)  grooved 

basiconic sensilla 

 1979  (Acanthops falcate)  (Robinson and 

Robinson, 1979) Stagmomantis limbata T. aridifolia 

sinensis (Maxwell et al., 2010)

 (Perez, 2005)  Robinson and Robinson (1979) 

Slifer (1968) 
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(sexual cannibolism) 
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 (Chordodes formosanus n. sp.)  

 (Chordodes formosanus n. sp.) (Hierodula 

formosana)  (H. patellifera)

 27 

6  (simple areole, type 1)  (tubercle areole, 

type 2)  (thorn areole, type 3)  (crowned areole, type 4-6)

 Y 

pseudointestine

 COI 

 (Chironomus sp.) 

 (Chimarra formosana)  (Chironomidae) 

 (8-9 )  6-7 
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DNA 

 ALSR WatsonplusTM Tissue Genomic DNA Extraction System 

(Kaohsiung, Taiwan) DNA 

1.

2.  20 l TGDE buffer 

3.  200 l TGDE buffer  20 l proteinase K (100 g/ l) 

4.  60  3 

5.  200 l GDE buffer  70

11-12 

6. 200 l  (96% - 100%) 

7.  (  500-700 l)

Collection Tube  GDE Mini Column

8.  (35000 rmp/s)  1  Collection Tube 

9.  500 l W1 buffer  GDE Mini Column  1 

Collection Tube 

10.  750 l Wash buffer  GDE Mini Column  1 

Collection Tube 

11.  3  GDE Mini Column 

12.  GDE Mini Column  1.5 l  5 

13.  50 l  GDE Mini Column  DNA 

5

14.  3  DNA  -20
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 (Chiromonus sp.)

2009 05 09 22 All 1

2009 05 22 4 All 0

2009 06 13 13 All 0

2009 06 28 10 All 0

2009 07 16 15 All 0

2009 07 26 11 All 0

2009 08 15 42 All 4

2009 08 23 69 All 6

2009 09 13 22 All 0

2009 09 29 0 - - - 

2009 10 12 11 All 0

2009 10 28 0 - - - 

2009 11 09 8 All 2

2009 11 24 1 All 0

2009 12 08 1 All 1

2009 12 27 0 - - - 

2010 01 11 0 - - - 

2010 01 27 5 All 0

2010 02 20 0 - - - 

2010 02 28 0 - - - 

2010 03 15 12 All 1

2010 03 28 15 All 0

2010 04 17 5 All 0

2010 04 30 8 All 0

Total 274 274  15 
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 (Chimarra formosana)

2009 05 09 5 All 0

2009 05 24 21 All 0

2009 06 12 97 90 0

2009 06 28 70 All 0

2009 07 12 420 120 0

2009 07 26 167 110 0

2009 08 15 40
22 1

18 1

2009 08 23 51
25 3

26 1

2009 09 28 28 All 2

2009 09 30 14 All 1

2009 10 12 12 All 0

2009 10 20 0 All 0

2009 11 09 20 All 0

2009 11 24 12 All 0

2009 12 08 0 - - - 

2009 12 27 1 All 0

2010 01 11 0 - - - 

2010 01 28 1 All 0

2010 02 20 0 - - - 

2010 02 28 0 - - - 

2010 03 16 11 All 0

2010 03 30 7 All 0

2010 04 17 3 All 0

2010 04 30 4 All 0

Total 984 620  9 


