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Cacopaurus 10 (9) 9 
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0.5 mm

(stylet) 49-119 m 
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(nerve ring) (9, 10, 11)
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36 m
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Criconematoidea Taylor, 1936 

(superfamily) Tylenchulidae Skarbilovich, 1947 

(family) Paratylenchinae Thorne, 1949 (subfamily)

38 (11)

(1972) (8)

Paratylenchus Gracilacus 
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2005 9 7 (Bambusa spp.) 

9 (Gracilacus spp.)

(morphometrics) 5.8S ITS-1 ITS-2 18S 28S 

DNA (ribosomal DNA, rDNA) 5 G. bilineata

Brzeski, 1995 4 G. aculenta (Brown, 1959) Raski, 1962

SEM G. bilineata G. aculenta 3 

GenBank rDNA 

1036 bp 1021 bp 86.0%

DNA Gracilacus bilineata Gracilacus aculenta



(2007) P. lepidus (5)

Brzeski (1995) Gracilacus bilineata (new

species) (type locality) 

Taiwan village Shuang Hai

Szczech bamboo (loamy

soil) (2) 2005 9 

6 7 (Bambusa sp.) 

9 (populations) Gracilacus spp.

(morphometrics) 

(SEM) DNA (ribosomal

DNA, rDNA) 

5 G. bilineata Brzeski 1995 4 G.

aculenta (Brown, 1959) Raski, 1962

6 

1-3 

1-2 

4 100 

20-80 
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SEM (genomic DNA) 

2% 

3 SEM 

3-5 

400 

(L)

( VL ) ( VW 

) ( EP )

(median bulb) (post esophageal

gland) 

(spicule) 1000 

(3) SEM

2% 

2-3 
(6) (cryo-field

emission scanning electron microscope, JSM-6330F, Jeol,

Tokyo, Japan) 

rDNA 

rDNA Vrain 

(1992) (12) (universal primers)

PCR rDNA 

DNA PCR rDNA ( 5.8S 

ITS-1 ITS-2 18S 28S 

) (4)

rDNA

(SeqWeb

3.1.2, GCG) (gap weight 50, length weigth

3) (3)

rDNA 5.8S ITS-1 ITS-2 

GenBank Paratylenchus

lepidus (1026 bp, Accession No. EF126178) (5) P. minutus

(1052 bp, EF126180) ( ) 

Hemicriconemoides kanayaensis (1043 bp, Accession No.

EF126179) H. californianus (1051 bp, Accession No.

EU180057) (7) 4 rDNA BestFit

program (SeqWeb 3.1.2, GCG) 

SAS GLM (1999, V8.2)

rDNA 

(

, consensus sequence) : 5 

Gracilacus bilineata ( ) Gbil2 3 

Gbil3 Gbil4 2 5

5 rDNA 

Pretty program (SeqWeb 3.1.2, GCG) 
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(1036 bp, Accession

No. EU247525) 4 G. aculenta ( )

Gacu1 Gacu2 3 Gacu3 

1 7 7 

rDNA 

(1021 bp, Accession No. EU247526)

Gracilacus bilineata

5 Gracilacus

bilineata (morphometrics)

( ) Gbil3 b' 4

(P<0.01) 5 

b (Gbil3 Gbil4 ) VL/VW V
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Gracilacus bilineata 

Table 1. Comparison of the morphometrics of Gracilacus bilineata female populations collected in Taiwan and the
paratypes 

Location (Code)
Character1 Guanshan Mingchien Chiayi City Tsautuen Gukeng Taiwan4

(Gbil1) (Gbil2) (Gbil3) (Gbil4) (Gbil5) (paratypes)
n 13 18 11 15 16 7

L (mm) 0.23 0.012b3 0.25 0.01a 0.23 0.01b 0.24 0.01a 0.25 0.01a 0.248 0.016 
(0.22-0.24) (0.22-0.26) (0.22-0.24) (0.22-0.26) (0.23-0.26) (0.217-0.264) 

a 25.2 3.3ab 26.1 1.6a 23.3 0.9b 25.0 1.5ab 26.3 2.1a 24.5 2.2
(18.5-30.0) (23.6-28.9) (21.8-24.4) (22.0-27.8) (23.0-30.0) (21-27)

b 3.9 0.2a 4.0 0.2a - - 4.0 0.1a -
(3.6-4.2) (3.9-4.3) (3.8-4.2)

b' 2.5 0.1c 2.5 0.1bc 2.4 0.1d 2.6 0.1a 2.6 0.1ab 2.5 0.1
(2.3-2.6) (2.2-2.7) (2.1-2.6) (2.3-2.8) (2.4-2.7) (2.4-2.7)

VL/VW 7.7 0.4a 7.7 0.5a 7.1 0.5a 7.2 0.8a 7.2 0.8a -
(7.1-8.4) (7.1-8.8) (6.3-7.9) (5.5-8.5) (6.2-8.9)

V 75.1 1.3a 75.5 0.9a 76.1 1.2a 75.0 1.3a 75.6 0.9a 75.5 1.6
(72.6-76.7) (73.8-77.1) (74.6-78.3) (72.7-77.6) (73.8-76.8) (73-78) 

Stylet ( m) 45.6 1.9ab 44.9 1.0b 47.1 1.5a 44.9 1.2b 45.2 1.8b 46.2 2.3
(43.0-49.3) (43.0-46.7) (44.7-49.3) (43.0-47.5) (42.7-48.0) (43-50) 

EP ( m) 62 5a 61 3a 59 1a 62 3a 61 4a 57.5 2.7
(58-70) (56-67) (57-61) (59-68) (54-65) (53-59) 

P 26.2 1.7a 24.3 1.2a 25.2 1.0a 25.5 2.0a 25.0 1.4a 23.1 1.0
(25.0-29.2) (21.9-26.7) (23.8-26.8) (23.6-30.9) (22.5-26.7) (21.8-24.4)

VL ( m) 60 3b 64 3a 59 3b 62 5ab 60 4b -
(57-65) (58-70) (54-64) (55-71) (56-68)

VW ( m) 8 0a 8 1a 8 1a 9 1a 8 1a -
(7-8) (8-9) (8-9) (8-11) (7-9)

1 n = no. of nematodes; L = body length; a = body length divided by the maximum body width; b = body length divided by distance
from head end to posterior end of esophageal gland; b'= body length divided by the length from anterior end of body to the centre
of median bulb; V = ratio between distance from vulva to anterior end of body and total body length in %; EP = the distance from
excretory pore to the anterior end of body; p = ratio between the length of EP and body length in %; VL = distance from vulva to
tail end; VW = body width at vulval position. 

2 Measurements in the form: mean standard deviation (population range), - = no data. 
3 Data in each row with the same letter were not significantly different at 1% level by LSMEANS/TDIFF. 
4 Brzeski, M. W. 1995 (2)
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Gracilacus bilineata

Table 2. Comparison of the morphometrics of Gracilacus bilineata male populations collected in Taiwan and the paratypes 

Character1 Location (Code)
Tsautuen (Gbil4) Gukeng (Gbil5) Taiwan4 (paratypes)

n 12 12 11

L (mm) 0.27 0.012a3 (0.25-0.29) 0.26 0.01a (0.24-0.28) 0.263 0.0178 (0.229-0.284) 

a 30.5 2.3a (27.0-33.8) 29.8 2.4a (26.0-32.5) 26.6 2.0 (23-30)

c 11.2 1.6a (9.1-13.9) 10.7 1.0a (9.6-13.0) 10.7 0.6 (9.5-11.3)

c' 3.6 0.5a (3.0-4.5) 3.5 0.4a (2.9-4.5) 3.3 0.3 (2.9-3.9)

Spicule ( m) 16.8 0.7a (16.0-18.0) 16.5 0.6a (15.7-17.3) 15.6 0.8 (14-17) 

EP ( m) 63 4a (58-67) 59 2a (56-63) 57.3 3.1 (50-62) 

P 23.7 1.0a (22.3-24.8) 22.5 0.8a (21.5-24.0) 21.7 0.9 (20.3-23.5)

Tail ( m) 24 4a (18-32) 24 2a (20-27) -

ABW ( m) 7 1a (6-8) 7 1a (6-8) -
1 c = body length divided by length of tail; c'= tail length divided by anal diameter of body; ABW = anal body width, the others see

table 1.
2, 3, 4 See table 1.
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Gracilacus bilineata A, (MB, Vu, ) B, (Is,
MB, PEg, Sm, Vu, ) C, (EP, St, 

) D, A-D = 10 
Fig. 1. Photomicrographs of Gracilacus bilineata female. A, Live specimen (MB, median bulb; Vu, vulva); B, Fixed
specimen (Is, isthmus; MB, median bulb; PEg, post esophageal gland; Sm, spermatheca; Vu, vulva; C, Anterior region of
live specimen (EP, excretory pore; St, stylet); D, Tail end. Scale bars in A-D = 10 m.

Gracilacus bilineata A, (Sp, ) B, (EP, ) C, 
(Sp, Ta, ) A-C = 10 

Fig. 2. Photomicrographs of Gracilacus bilineata male. A, Fixed specimen (Sp, spicule); B, Anterior region (EP, excretory
pore); C, Posterior region (Sp, spicule; Ta, tail). Scale bars in A-C = 10 m.
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Gracilacus bilineata SEM A B, (Ans, LR, ) C, (An,
Ta, Vu, ) D, (Ins, LF, VF, ) A, B D = 5 

C= 10 
Fig. 3. SEM photomicrographs of Gracilacus bilineata female. A & B, Anterior region (Ans. Annules; LR, lip region); C,
Tail region (An, anus; Vu, vulva; Ta, tail); D, Middle region (Ins, incisures; LF, lateral field; VF, Vulval flap). Scale bars in
A, B & D = 5 m; C=10 m.
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Gracilacus aculenta

Table 3. Comparison of the morphometrics of Gracilacus aculenta female populations collected in Taiwan and populations
recorded in Canada and USA

Location (Code)

Character1 Guanshan Tsautuen Chiayi City Baihe Canada4 USA5

(Gacu1) (Gacu2) (Gacu3) (Gacu4) (paratypes) (composite
dimensions)

n 11 12 15 15 10

L (mm) 0.25 0.002c3 0.28 0.01a 0.26 0.01bc 0.26 0.01b 0.275 0.01 0.29
(0.24-0.25) (0.26-0.29) (0.24-0.28) (0.24-0.28) (0.264-0.290) (0.24-0.34) 

a 24.3 1.9b 27.0 1.6a 25.8 1.5ab 25.3 1.4b 20.9 23
(20.8-27.8) (24.6-29.0) (23.6-28.0) (22.5-27.8) (20-22) (17-28)

b 3.3 0.1c 3.9 0.2a 3.6 0.2b 3.7 0.1a - -
(3.2-3.5) (3.7-4.3) (3.3-3.8) (3.5-3.8)

b' 2.2 0.1c 2.4 0.1a 2.3 0.1bc 2.4 0.1ab 2.6 2.7
(2.2-2.3) (2.3-2.5) (2.1-2.4) (2.2-2.5) (2.6-2.7) (2.3-3.0)

VL/VW 8.2 0.7a 9.4 1.0b 8.5 0.8a 8.6 1.1a - -
(7.4-9.4) (8.0-11.0) (6.8-9.9) (6.4-10.4)

V 71.3 0.8a 70.3 0.9bc 71.2 0.9ab 70.2 0.8c 71.6 72
(70.5-72.8) (68.9-71.6) (69.8-72.9) (68.9-71.9) (70.7-73) (69-76) 

Stylet ( m) 60.3 1.1a 56.5 2.7b 57.5 1.5b 55.6 2.5b 58.1 57
(58.7-62.0) (50.7-59.0) (54.0-59.7) (50.3-59.0) (54-62) (48-68) 

EP ( m) 58,61,64 61 2a 62 4a 60 3a - 73
(57-63) (58-73) (55-64) (59-89) 

P 23.2,24.4,25.6 21.9 0.9b 24.3 1.2a 22.7 1.1ab - -
(20.7-23.3) (22.3-26.7) (21.1-24.6)

VL ( m) 74 4b 86 4a 74 5b 78 4b - -
(70-82) (80-90) (68-84) (68-83)

VW ( m) 9 1a 9 1a 9 1a 9 1a - -
(8-10) (8-10) (8-10) (8-12)

1,2,3 See table1.
4 Brown, G. L. 1959 (1)

5 Raski, D. J. 1976 (10)

Gracilacus aculenta
Table 4. Comparison of the morphometrics of Gracilacus aculenta male populations collected in Taiwan and populations
recorded in Canada and USA 

Location (Code)
Character1 Tsautuen Chiayi City Canada4 Composite 

(Gacu2) (Gacu3) (paratypes) dimensions USA5

n 15 9 1
L (mm) 0.29 0.022a3 (0.25-0.32) 0.28 0.01a (0.25-0.29) 0.308 0.31 (0.26-0.35) 
a 28.1 2.2a (23.1-31.3) 31.9 3.3b (26.0-36.3) 23.6 27 (23-30)
c 11.1 1.0a (9.7-13.2) 13.1 1.5b (10.4-15.9) - -
c' 3.5 0.3a (3.0-3.9) 2.9 0.5b (1.9-3.4) - 2.7 (2.3-3.0)
Spicule ( m) 17.0 0.8a (15.8-19.0) 16.1 0.5b (15.3-17.0) 15 18 (15-21) 
EP ( m) 61 4 (56-67) 63,58,68 - 66 (54-77) 
P 21.0 1.8 (18.7-23.9) 21.7,22.3,23.4 - -
Tail ( m) 27 3a (22-31) 21 3b (17-27) - -
ABW ( m) 8 0a (7-8) 7 1a (6-9) - -
1,2,3 See table1.
4 Brown, G. L. 1959 (1)

5 Raski, D. J. 1976 (10)
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Gracilacus aculenta A, (EP, MB, St, 
) B, (Is, MB, Sm, Vu, ) C, (Vu, )

A-C = 10 
Fig. 4. Photomicrographs of Gracilacus aculenta female. A, Anterior region of live specimen (EP, esophageal gland; MB,
median bulb; St, stylet); B, Fixed specimen (Is, isthmus; MB, median bulb; Sm, spermatheca; Vu, vulva); C, posterior
region (Vu, vulva). Scale bars in A-C = 10 m.

Gracilacus aculenta A, (EP, Sp, ) B, 
(EP, ) C, (Sp, ) A-C = 10 
Fig. 5. Photomicrographs of Gracilacus aculenta male. A, Fixed specimen (EP, excretory pore; Sp, spicule); B, Anterior
region (EP, excretory pore); C, Posterior region (Sp, spicule); Scale bars in A-C = 10 m.
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Gracilacus aculenta SEM A B, (AmA, Ans, LD, LF,
OA, ) C, (An, Ta, Vu, ) D E, (VFs, Ins, 

LF, ) A, B, D & E = 5 C= 10 
Fig. 6. SEM photomicrographs of Gracilacus aculenta female. A & B, Anterior region (AmA, amphid aperture; Ans.
Annules; LD, labial disc; LF, lateral field; OA, oral aperture); C, Posterior region (An, anus; Ta, tail; Vu, vulva; D & E,
Middle region (VFs, vulval flaps; Ins, incisures; LF, lateral field). Scale bars in A, B, D & E = 5 m; C=10 m
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ABSTRACT

Chen, D. Y.1, Ni, H. F.2, Tsay, T. T.3, and Yen, J. H.4, 5. 2008. Identification of Gracilacus bilineata and

G. aculenta (Nematoda: Criconematoidea, Tylenchulidae) among bamboo plantations in Taiwan.

Plant Pathol. Bull. 17: 209-219. (1 Plant Pathology Division, Agricultural Research Institute, Wufeng,

Taichung, Taiwan; 2 Department of Plant Protection, Chiayi Agricultural Experiment Station, ARI,

Taiwan; 3 Department of Plant Pathology, National Chung Hsing University, Taichung, Taiwan;
4 Agricultural Extension Center, NCHU, Taichung, Taiwan; 5 Corresponding author, E-mail:

jhyen@nchu.edu.tw , Fax: +886-4-2286-0267)

Nine populations of Gracilacus spp. have been isolated by modified Baermann funnel method

from the rhizosphere soil of bamboo plants among 7 plantations in Taiwan since September, 2005.

Comparisons of the morphology, morphometrics and ribosomal DNA fragment sequences (include

full 5.8S gene, ITS-1, ITS-2 and partial 18S and 28S gene) have yielded 5 populations as G. bilineata

Brzeski, 1995 and 4 populations as G. aculenta (Brown, 1959) Raski, 1962. G. aculenta was the first

report in Taiwan. In this study, additional SEM photographs clearly revealed 3 incisures on lateral

field, and the existence of small vulval flaps for these two pin nematode species. The representative

sequences of rDNA fragment of G. bilineata and G. aculenta had the size of 1036 bp and 1021 bp,

respectively, and were firstly submitted to GenBank.

Key words: pin nematode, bamboo, identification, vulval flaps, ribosomal DNA, Gracilacus

bilineata, Gracilacus aculenta


