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Summary – A new species of stubby root nematode, Trichodorus lownsberyi sp. n., collected from soil around Buxus sempervirens at
Montecillo Campus, Colegio de Postgraduados, Mexico, is described and illustrated. Trichodorus lownsberyi sp. n. is characterised by
the abundant males with a characteristic spicule shape, the narrower part about mid-blade having visible bristles in most specimens, and
the presence and position of the three ventromedian cervical papillae, which are all anterior to the secretory-excretory pore. Females
possess a rhomboid-shaped vagina and oval to rounded triangular vaginal sclerotised pieces with a pore-like vulva. The phylogenetic
relationships of T. lownsberyi sp. n. with related species were constructed using the ITS2 rRNA and the D2-D3 expansion segments
of 28S rRNA gene sequences. Trichodorus lownsberyi sp. n. was a sister species to T. viruliferus in the phylogenetic trees. A Mexican
population of Nanidorus minor from a peach orchard is also described and illustrated. The new needle nematode, Longidorus quercus sp.
n., was recovered from soil around roots of oak, Quercus crassipes, from Cerro Jusda ‘El Diablo’ in Mexico State. Longidorus quercus
sp. n. females are characterised by the C-shaped posterior end of the body after fixation, L = 4.9 (3.9-5.6) mm, a = 71 (60.8-93.2),
lip region rounded, sometimes slightly flattened, marked by depression, odontostylet 170 (144-206) μm long, hemispherical to bluntly
conoid tail and no males. The new species was characterised using the D2-D3 of 28S rRNA and COI gene sequences. The phylogenetic
relationships of L. quercus sp. n. with other Longidorus species were reconstructed using the D2-D3 of 28S rRNA gene sequences.
Keywords – 28S rRNA gene, box tree, Buxus sempervirens, ITS2 rRNA gene, molecular, morphology, morphometrics, needle
nematode, oak, peach orchard, phylogeny, Quercus crassipes, stubby root nematode, taxonomy.

The stubby root nematodes of the Trichodoridae
Thorne, 1935 and the needle nematodes of the Longidoridae Thorne, 1935 are polyphagous root ectoparasites
distributed world-wide. They can cause damage to a wide
range of crops and natural vegetation. There are only a
few reports of these nematodes in Mexico: Longidorus
africanus Merny, 1966 and Longidorus spp. (Espinosa &
Adam, 1972; Martínez-Bolaños et al., 2020), Nanidorus
mexicanus Siddiqi, 2002; N. minor (Colbran, 1956) Siddiqi, 1974 (Subbotin et al., 2020), Paratrichodorus grandis Rodríguez-M. & Bell, 1978 (López & Téliz, 1983)
∗ Corresponding

and Trichodorus spp. (Belmont, 2000; Martínez-Bolaños
et al., 2020).
During nematology surveys in 2018 and 2019, stubby
root nematodes were collected in a peach orchard and
the garden of the Plant Pathology building, both from
the Montecillo Campus of the Colegio de Postgraduados, Texcoco, Mexico State, Mexico. A detailed morphological and molecular study revealed that nematodes
from the peach orchard samples belonged to N. minor and
from the garden samples belonged to a new Trichodorus
species closely resembling T. viruliferus Hooper, 1963.
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This new species was previously molecularly characterised as Trichodorus sp. 10 by Subbotin et al. (2020).
Analysis of survey samples also revealed an unknown
Longidorus species from oak trees, Quercus crassipes
Humb. & Bonpl., on Cerro Jusda ‘El Diablo’, Tecolapan,
Jilotepec, Mexico State.
The goal of this study is to provide morphological and
molecular characterisations of the nematodes collected
from Mexico, including T. lownsberyi sp. n. and L.
quercus sp. n.

Materials and methods
NEMATODE SAMPLES
Nematode samples were collected from a peach orchard
and the garden of the Plant Pathology building, both from
the Montecillo Campus of the Colegio de Postgraduados,
Texcoco, Mexico State, Mexico. Trichodorid nematodes
were extracted from 200 ml soil samples using a decanting
and sieving and sugar flotation method (Jenkins, 1964),
and Longidorus nematodes were extracted from 200 ml
soil and processed by decanting and sieving. They were
collected from the 60-mesh (25 μm aperture) sieve
and picked up under a stereomicroscope. Both types of
nematode were killed by heating with an alcohol lamp
in 1-2 drops of tap water on a glass microscope slide for
several seconds.
MORPHOLOGICAL STUDY
Nematodes were transferred to glass vials containing the Golden fixative (Hooper, 1970). Nematodes were
stored at room temperature for 10 days and then transferred to a small Petri dish placed in a small desiccator containing 95% ethanol and incubated at 40°C for
1-2 days, processed to glycerin using a modification of
the Seinhorst’s (1959) method as described by Cid del
Prado Vera & Subbotin (2012) and then mounted on Cobb
slides using the paraffin wax ring method (De Maeseneer
& d’Herde, 1963) in anhydrous glycerin containing 1-2
drops of cotton blue stain. Measurements and drawings
were made using a drawing tube and American Optical compound microscope. Microphotographs were made
using a Nikon Eclipse microscope connected to a Nikon
camera and DS-L4 tablet (UGent) and a compound Olympus BX51 microscope equipped with a Nomarski differential interference contrast and Infinity 2 camera.
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MOLECULAR STUDY
DNA was extracted using the proteinase K protocol
from several specimens of the trichodorid and longidorid
samples. Detailed protocols of DNA extraction, PCR,
and sequencing were as described by Tanha Maafi et
al. (2003). The following primer sets were used: i) the
forward D2A (5 -ACA AGT ACC GTG AGG GAA
AGT TG-3 ) and the reverse D3B (5 -TCG GAA GGA
ACC AGC TAC TA-3 ) primers (Subbotin et al., 2006)
for amplification of the D2-D3 expansion segments of
28S rRNA gene for both samples; ii) the forward ITSA
(5 -ATC GAT GAA GAA CGC AGC-3 ) (Boutsika et
al., 2004) and the reverse PXb481 (5 -TTT CAC TCG
CCG TTA CTA AGG-3 ) primers (Vrain et al., 1992) for
amplification of the ITS2 ribosomal RNA gene fragment
for trichodorid samples; and iii) the forward Long-COIFmod (5 -G ATT YTT TGG DCA CCC NGA RGT-3 )
and the reverse Long-COIRmod (5 -GCH ACY ACR TAR
TAR GTR TCR TG-3 ) for amplification of the COI gene
of the longidorid sample. The PCR products were purified
using QIAquick Gel or PCR extraction (Qiagen) kits and
then submitted for direct sequencing. Sequencing was
conducted at Quintara Biosciences and Genewiz. The new
sequences were submitted to the GenBank database under
accession numbers: MW366917 (T. lownsberyi sp. n.,
28S rRNA gene); MW367098, MW367099 (T. lownsberyi
sp. n., ITS2 rRNA gene); MW366915, MW366916 (L.
quercus sp. n., 28S rRNA gene); MW361985 (L. quercus
sp. n., COI gene).
The new ITS2 rRNA gene and D2-D3 of 28S rRNA
gene sequences from Mexican T. lownsberyi sp. n. were
aligned using ClustalX 1.83 (Thompson et al., 1997)
(default parameters) with corresponding published gene
sequences of other Trichodorus belonging to clade IC
according to Subbotin et al. (2020) (Kumari et al., 2007;
Kumari & Decraemer, 2009; Kumari & Subbotin, 2012;
Asghari et al., 2018; Subbotin et al., 2020). Phylogenetic
analyses of D2-D3 of 28S rRNA and ITS2 rRNA gene
sequences were made with Bayesian inference (BI) using
MrBayes 3.1.2 (Ronquist & Huelsenbeck, 2003) under
the GTR + G + I model as described by Subbotin et al.
(2020).
The new sequences of the D2-D3 of 28S rRNA gene
of the Mexican Longidorus sample were aligned using
ClustalX 1.83 using the modified parameters (gap opening – 5, gap extension – 3) with published gene sequences
(Subbotin et al., 2013; Inserra et al., 2021). Alignment
was analysed with BI under the GTR + G + I model. BI
analysis for each gene was initiated with a random starting
Nematology
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tree and was run with four chains for 7.0 × 106 . Phylogenetic and sequence analyses were made as described by
Inserra et al. (2021).

Results and discussion
Trichodorus lownsberyi* sp. n.
= Trichodorus sp. 10 of Subbotin et al. (2020)
(Figs 1, 2)
MEASUREMENTS
See Table 1.
DESCRIPTION
Male
Body open C- or J-shaped, posterior end curved ventrally. Cuticle moderately swollen. Cephalic region
rounded. Cervical region with three ventromedian cervical papillae (CP): CP1 (anteriormost CP) in onchiostyle
region, CP2 slightly posterior to base of pharyngostome,
and CP3 located within isthmus region but anterior to
secretory-excretory pore (SE), at 71-85 μm from anterior
end. Lateral cervical pore present on both sides anterior
to CP1. SE located posterior to CP3 and within anterior
two-thirds of pharyngeal bulb. Testis with sperm having
slender nucleus 8.5 (6.0-12) μm long. Spicules with wide
manubrium, blade with conspicuous narrower part about
mid-spicule with bristles, blade gradually tapering to distal end with septum. Gubernaculum very thin, corpus with
keel-like distal thickening. Three ventromedian precloacal
supplements located anterior to retracted spicules. A pair
of postcloacal supplements located just posterior to cloacal opening and a pair of caudal pores located just posterior to it. Tail 50% of anal body diam. (ABD) long,
terminal cuticle not thickened.
Female
Body ventrally bent after fixation. Cephalic region
rounded. SE difficult to observe, located opposite anterior
third of pharyngeal bulb. Reproductive system didelphicamphidelphic with reflexed ovaries, spermatheca oval
* This new species is named in honour of Dr Benjamin
Lownsbery for his outstanding scientific contribution in the
ecology of nematodes and outstanding teaching activities in
University of California, Davis, CA, USA. Dr Lownsbery was
the major professor in Nematology for Ignacio Cid del Prado
Vera during his Ph.D. study in UC Davis.
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in most specimens, filled with sperm, vulva pore-like,
vagina, more or less rhomboid in shape and 48 (28-60)%
of corresponding body diam. (CBD) long, vaginal sclerotisation pieces oval to rounded triangular in longitudinal
optical section, well separated by invaginated body cuticle and 2.0-2.5 μm in length. One pair of anterior advulvar
lateral body pores (LBP) and one pair of postadvulvar
LBP present. Tail very short and hemispherical. One pair
of caudal pores present subterminally.
DIAGNOSIS AND RELATIONSHIPS
Trichodorus lownsberyi sp. n. is characterised by the
abundant presence of males (ratio 3 males: 2 females),
the characteristic spicule shape with the narrower part
about mid-blade with visible bristles, the presence and
position of the three CP all anterior to the SE and with
the anteriormost cervical papilla within the onchiostyle
region, and three ventromedian precloacal supplements,
all anterior to the retracted spicules. Females possess a
rhomboid-shaped vagina and oval to rounded triangular
vaginal sclerotised pieces in longitudinal optical section,
slightly oblique in orientation and separated by the invaginated body cuticle, pore-like vulva, and the presence of a
pair of anterior preadvulvar LBP and a pair of posterior
postadvulvar LBP.
Trichodorus lownsberyi sp. n., according to the polytomous key based on Decraemer & Baujard (1998), belongs
to group 12, with the following codes for male: F3, D3,
P2, A212, B22, C1, E1, G0, H3, I1, J2, K3, L56, M16,
N1, O4; and female: D1, C1, L3, K3, A121, B12, E3, F1
(2), G1, H2, I3, J1, M1, N1, O1, P1, Q1, R1, S4, T1.
Trichodorus lownsberyi sp. n. is very close to T.
viruliferus from which it can barely be differentiated by
morphology and morphometrics. In the male, the new
species agrees with T. viruliferus in possession of three
CP, all anterior to the SE and with the anterior-most
one in the onchiostyle region, and in general spicule
shape, which is slightly ventrally curved and with a
narrower mid-blade part with bristles. In the female, the
new species shares with T. viruliferus the rhomboidshaped vagina, medium-sized vaginal sclerotised pieces
well separated by invaginated body cuticle, a pore-like
vulva and a pair of postadvulvar LBP. Compared with
the T. viruliferus type population (Hooper, 1963), the new
species has a similar body length: 0.65 (0.50-0.78) vs 0.77
(0.62-0.89) mm in the male and 0.66 (0.58-0.72) vs 0.75
(0.64-0.86) mm in the female, and similar onchiostyle
length of 39.3 (32.0-47.0) vs 45 (40-48) μm in the male
3
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Fig. 1. Trichodorus lownsberyi sp. n. Female: A, C-F. A: Anterior region; C: Vulval region, lateral view; D: Tail; E: Anterior and
posterior gonad; F: Vulva, ventral view. Male: B, G, H. B: Anterior region; G: Testis, anterior region; H: Posterior body, lateral view.
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Fig. 2. LM of Trichodorus lownsberyi sp. n. Male paratypes. A: Pharynx region with indication of CP1-CP3 and SE; B: Lateral
surface view of head region showing amphidial aperture with protruding corpus gelatum; C: Entire view; D: Posterior body region;
E, F: Abnormal difference between left and right spicule, respectively. Female paratypes. G: Vagina; H: Ventral view of vulval region
showing lateral advulval body pores (arrows); I: Vulva in ventral view; J: Tail region, arrow indicating caudal pore. Abbreviations:
CP = cervical papilla; SE = secretory-excretory pore.
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Table 1. Morphometric data of Trichodorus lownsberyi sp. n. and Nanidorus minor. All measurements are in μm, apart from L in mm,
and in the form: mean ± s.d. (range).
Character

Trichodorus lownsberyi sp. n.
Male

n
L
a
b
c
c
T (or V)
Anal body diam.
Mid-body diam.
Onchiostyle
Onchium
Anterior end to cervical
papilla CP1
Anterior end to cervical
papillaeCP2
Anterior end to cervical
papilla CP3
Nerve ring
Secretory-excretory pore
Pharynx length
Pharynx overlap
Anterior end to vulva
Testis
Spicules
Gubernaculum
Supplement SP1 to cloacal
opening
Supplement SP2 to cloacal
opening
Supplement SP3 to cloacal
opening
Vagina
Anterior lateral body pore
from vulva
Posterior lateral body pore
from vulva
G1
G2
Rectum
Bursa
Tail

Female

Female

Male

2
0.65, 0.66
21.6, 21.9
5.0, 5.6
43.2, 59.8
0.50, 0.58
50, 58
22, 26
30, 30
28, 29
16, 18

Holotype

Paratypes

Paratypes

–
0.694
24.8
8.4
53.4
0.7
71.4
20.9
28
38.5
14
32

16
0.65 ± 0.1 (0.50-0.78)
25.8 ± 2.3 (20.6-31.1)
5.4 ± 1.1 (3.7-8.4)
55.3 ± 8.8 (35.3-70.4)
0.65 ± 0.1 (0.48-1.0)
64.2 ± 6.7 (54-77)
18.8 ± 2.8 (13-23)
25.6 ± 2.7 (22-30)
39.3 ± 3.8 (32-47)
19.1 ± 2.2 (14-23)
35 ± 3.9 (28-42)

16
0.66 ± 0.04 (0.58-0.72)
24.9 ± 1.4 (21.9-27.6)
5.0 ± 0.8 (3.7-6.9)
120 ± 34.9 (82-218)
0.4 ± 0.1 (0.3-0.6)
56.1 ± 2.3 (51.0-59.9)
12.6 ± 1.7 (8-15)
26.4 ± 1.8 (30-44)
39.0 ± 3.6 (32-47)
18.1 ± 1.5 (16-21)
–

14
0.71 ± 0.1 (0.65-0.82)
22.2 ± 3.1 (17.9-28.0)
5.9 ± 0.8 (4.9-8.2)
179 ± 49 (113-274)
0.4 ± 0.1 (0.3-0.6)
54.9 ± 1.3 (52.5-57.3)
9.8 ± 1.5 (7-13)
32 ± 3.7 (26-38)
33.1 ± 2.9 (30-39)
22.0 ± 4.4 (18-26)
–

65

55 ± 5.7 (45-65)

–

–

85

75 ± 6.5 (64-85)

–

–

–
93
83
–
–
–
28
13
26.4

–
89 ± 7.8 (70-100)
124 ± 18.2 (83-143)
–
–
423 ± 68.1 (274-516)
26.6 ± 1.9 (23-29)
10.1 ± 2.7 (9.0-15)
25.9 ± 3.2 (20-30)

–
92 ± 8.5 (72-107)
132 ± 16.9 (98-170)
6.7 ± 6.9 (1.9-24.4)
368 ± 28.4 (298-402)
–
–
–
–

57 ± 7.1 (47-70)
106 ± 12.7 (76-123)
121 ± 12.9 (86-140)
7.0 ± 3.3 (2.0-14.0)
384 ± 29 (348-450)
–
–
–
–

50, 62
97, 117
117, 129
18, 18

61

53.2 ± 5.8 (41-62)

–

–

–

100

89 ± 13.7 (40-130)

–

–

–

–
–

–
–

13.3 ± 2.8 (8-17)
10.6 ± 0.85 (10-12)

9.2 ± 1.1 (8-11)
–

–
–

–

–

9.5 ± 2.2 (5.6-12.0)

–

–

–
–
–
–
20

–
–
–
–
12.0 ± 1.5 (10-15)

19.5 ± 2.2 (14-23)
19.8 ± 2.1 (16.5-24.5)
16.7 ± 2.6 (15-22)
–
5.8 ± 1.5 (3.0-8.0)

–
–
13.2 ± 4.5 (7-20)
–
4.1 ± 0.9 (3.0-5.0)

–
–
–
35, 40
11, 15

and 39 (30-44) vs 46 (40-48) μm in the female. The
new species differs from T. viruliferus by the slightly
shorter spicules of 26.5 (23-29) vs 34 (31-37) μm, the
6

Nanidorus minor

49, 58
9, 9
7, 12

presence of a distal spicule septum not described in T.
viruliferus, and shorter gubernaculum of 10.1 (9-15) vs
15 (13-18) μm. In the female the new species has an
Nematology
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Fig. 3. Phylogenetic relationships within Trichodorus belonging to subclade C of clade I and other species (Subbotin et al., 2020) as
inferred from Bayesian analysis using the D2-D3 of 28S rRNA gene sequences (A) and the ITS2 rRNA gene sequences (B) under the
GTR + I + G model. Posterior probabilities more than 70% are given for appropriate clades. New sequences obtained in the present
study are indicated in bold.

additional pair of preadvulvar LBP that are absent in T.
viruliferus.
TYPE HABITAT AND LOCALITY
Soil around Buxus sempervirens in the Plant Pathology building garden, Montecillo, Texcoco, Mexico State,
Mexico (N-19°46 336 , W-98°90 411 , 2240 m a.s.l.).
Collected by I. Cid del Prado Vera in March 2019.
TYPE MATERIAL
Holotype male (11468) and six slides with one female
and male paratypes on each slide (11469) deposited in the
Nematode collection of the Laboratorio de Helmintología
del Instituto de Biología, UNAM, Mexico. Other type
material is deposited in collections of: the University
of California Riverside Nematode Collection (UCRNC)
(two slides with one paratype male each and two slides
with one paratype female each); the Colegio de Postgraduados Nematode Collection (CPNC) (four slides with
one paratype female each; three slides with one paratype female and male each, and four slides with one
paratype male each; the nematode collection of Ghent
University Museum, Zoology, Belgium (female paratype
Vol. 0(0), 2021

A-105 and male paratype A-106 plus two slides (UGMD
104419-UGMD 104420), each with one male and one
female paratype. Zoobank ID: urn:lsid: zoobank.org:
pub:AD7E5081-52FE-4940-8D76-EB17F3C37AC5.
MOLECULAR CHARACTERISATION
Phylogenetic relationships of T. lownsberyi sp. n.
(= Trichodorus sp. 10) with other representatives of
clade IC of Trichodorus as designated by Subbotin et
al. (2020) are shown in Figure 3. Trichodorus lownsberyi sp. n. formed a sister relationship with T. viruliferus
in the phylogenetic trees reconstructed from the analysis of the D2-D3 of 28S rRNA (Fig. 3A) and the ITS2
rRNA (Fig. 3B) gene sequence alignments. The D2-D3
of 28S rRNA and the ITS2 gene sequences of T. lownsberyi sp. n. differs from those of T. viruliferus by 2.3-2.5%
(17-18 bp) and 11.2-12.0% (79-87 bp), respectively. The
ITS2 rRNA gene region of T. lownsberyi sp. n. was significantly shorter than that of T. viruliferus.
REMARKS
Trichodorus viruliferus was originally described from
England but has also been recorded from several other
7
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localities in Europe such as The Netherlands, Germany,
Poland, Italy, Bulgaria, and Slovakia (Hooper, 1963,
1976; Mancini et al., 1979; Roca & Lamberti, 1984;
Peneva, 1988; Lišková & Sturhan, 1996). The population
from Bulgaria (Peneva, 1988) also has males with somewhat shorter spicules 24.3 (22-25) μm and gubernaculum
10.6 (8-12) μm.

Nanidorus minor (Colbran, 1956) Siddiqi, 1974
= Trichodorus minor Colbran, 1956
= Paratrichodorus (Nanidorus) minor (Colbran,
1956) Siddiqi, 1974
= Trichodorus christiei Allen, 1957
= Paratrichodorus (Nanidorus) christiei (Allen,
1957) Siddiqi, 1974
= Nanidorus christiei (Allen, 1957) Siddiqi, 1974
= Trichodorus obesus Razjivin & Penton, 1975
= Paratrichodorus (Nanidorus) obesus (Razjivin &
Penton, 1975) Rodriguez-M. & Bell, 1978
(Fig. 4)
MEASUREMENTS
See Table 1.
DESCRIPTION
Female
Body cuticle varying from non-swollen (1 μm) to
slightly swollen (2.4 μm thick) and on tail from nonswollen (1 μm) to swollen (6 μm thick). Cephalic region
rounded with raised double papilliform sensilla formed by
subdorsal and subventral outer labial papillae and cephalic papillae. Onchium 42-66 (58)% of onchiostyle length;
no inner onchium observed. Pharynx in some specimens
with ventral overlap of base of pharynx over intestine 7
(2.0-14) μm long. SE located in second half of pharyngeal bulb. Reproductive system didelphic-amphidelphic
with reflexed ovaries, uterus filled with thread-like nonfunctional sperm. Vagina short, ca one-third of CBD, with
rod-like vaginal sclerotisations 1.9 μm long in optical
section, parallel to longitudinal body axis, vulval diam.
7.0 ± 1.4 (6.0-8.0) μm with a small transverse slit in ventral view. No sublateral or subventral body pores present.
Tail short hemispherical, anus subterminal, caudal pores
absent.
Male (n = 2)
Body slightly curved ventrally. Body cuticle moderately swollen 3 or 4 μm thick, in anterior- and mid-body
8

and 2 or 4 μm on tail. Head rounded, 6.0 or 9.0 μm
diam. Onchium nearly half as long as onchiostyle, no
inner onchium observed. SE within region posterior half
of pharyngeal bulb. Ventromedian CP and lateral cervical
pores absent. Pharynx in one specimen with 18 μm long
ventral overlap. Testis with thread-like sperm. Spicules
almost straight, slightly curved distally, striated except for
manubrium and terminal end, capsule of suspensor muscles weakly developed, gubernaculum very thin. A single
ventromedian precloacal supplement present just anterior
to cloacal aperture. A pair of ventrosublateral papilliform
supplements present subterminally on tail at 6 or 12 μm
from cloacal opening. Bursa narrow, 35 or 40 μm long.
REMARKS
The current population is similar to the type population (which only comprised females) in the size of the
onchiostyle and position of the vulva but has a slightly
longer body. Our population agrees in all morphological
aspects with N. minor, and its measurements fall within
the range recorded in the literature (Decraemer, 1995).
The specimens studied differ from N. mexicanus, also
recorded from Mexico (Siddiqi, 2002), by female body
size (L = 0.71 (0.65-0.82) vs 0.55 (0.44-0.64) mm), b =
5.9 (4.9-8.2) vs 4.86 (3.8-6.0) and c = 179 (113-274)
vs 100 (88-130), in the distance from the vulva to the
anterior end (384 (348-450) vs 309 (245-375) μm), and
by the different shape of the vaginal sclerotised pieces
in optical section, which are rod-shaped vs rounded dots,
rarely triangular. Males of N. minor differ mainly by the
absence of ventromedian CP vs present in N. mexicanus.
Nanidorus minor, according to the polytomous key of
Decraemer & Baujard (1998), belongs to group 1, with
the following codes for the Mexican population in female:
A212, B1, C1, D1, E3, F12, G2, H3, I1, J3, K2, L1, M2,
N2, O, P3, Q4 and R2; for males: A100, B1, C2, D0,
E0, F1, G1, H4, I12, J1, K3, L2, M27, N3, and 04, P1
compared to the following codes for N. mexicanus: for
males: A100, B4, C23, D1, E0, F1, G1, H3, I12, J140,
K2, L2, M270, N3, O4, P1; for female: A100, B1, C1,
D1, E1, F12, G2, H3, I1, J1(2), K2, L1, M4, N2, O4, P-,
Q4, R2, S4.
LOCALITY
Nanidorus minor was collected from soil around two
species of grass, Bromus sp. and Uroclea sp., growing
beside the peach orchard trees in Montecillo Campus,
Colegio de Postgraduados Montecillo, Texcoco, MexNematology
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Fig. 4. Nanidorus minor. Female: A, C-E, G. A: Anterior region; C: Vulva, ventral view; D: Tail; E: Anterior and posterior gonad; G:
Vulva, lateral view; Male: B, F, H, I. B: Anterior end; F: Tail, ventral view; H: Testis, anterior region; I: Tail, lateral view.
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ico State, Mexico (N19°45936 , W-98°90 423 , 2230 m
a.s.l.). Collected by Mr Josué Aarón Morales Cerón in
March 2019.
VOUCHER MATERIAL
Voucher specimens are deposited in the Nematode collection of the Laboratorio de Helmintología del Instituto
de Biología, UNAM, Mexico, slide numbers 11470 and
11471 and Colegio de Postgraduados Nematode Collection (CPNC), slide number A-108.
MOLECULAR CHARACTERISATION
The D2-D3 of 28S rRNA gene sequence of this sample
was identical to that of N. minor collected from Tlaxcala
State, Huamantla County, Mexico, and published by
Subbotin et al. (2020).

Longidorus quercus* sp. n.
(Figs 5, 6)
MEASUREMENTS
See Table 2.
DESCRIPTION
Female
Body C-shaped after fixation with greater curvature in
posterior end. Lip region rounded, sometimes flattened,
marked by a slight indentation, amphidial fovea pouchlike, not lobed. Lateral body pores absent in pharyngeal
region. Odontostyle thin and long, odontophore long
with weakly developed flanges. Pharynx with dorsal
gland nucleus anteriorly in bulb and ventrosublateral
gland nuclei at beginning of posterior third of bulb,
Nerve ring surrounding anterior part of isthmus. Cardia
very small. Reproductive system didelphic amphidelphic
with genital branches varying in dimension according
to specimen, ovaries reflexed, vulva a transverse slit in
ventral view, vagina longer than, or as long as CBD.
Two specimens had short genital branches, one with
anterior branch 192 μm long, another with posterior
branch 66 μm long. Tail contour straight ventrally and
dorsally convex, hemispherical to bluntly conoid, Lateral
body pores present, usually two on each side of tail.
* This new species is named after the genus of Quercus
crassipes, the associated plant.
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Male
Not found.
DIAGNOSIS AND RELATIONSHIPS
Longidorus quercus sp. n., only known from the female,
is characterised by a medium body size, a rounded lip
region marked by a depression, a pouch-like amphidial
fovea without basal lobes, odontostylet 170 (144-206) μm
long, odontostyle 105 (94-110) μm long and odontophore
65 (40-96) μm long, and the short hemispherical to
bluntly conoid tail.
According to the polytomous key of Chen et al. (1997),
L. quercus sp. n. has the following character codes:
A43 (odontostyle length); B45(3) (lip region diam.); C32
(distance guide ring from anterior end); D23 (anterior
region shape); E1 (amphidial fovea); F23 (body length);
G12 (index a); H12 (tail shape) and I1 (presence/absence
of males).
Based upon the identification key by Chen et al.
(1997), sorting of all Longidorus species based on the
shape of the anterior region (feature D), followed by the
odontostyle length (character A) and presence/absence of
the male (character I), groups the new species with L.
cylindricapitatus Krnjaić, Roca, Krnjaić & Agostinelli,
2005 and L. cretensis Tzortzakakis, Peneva, Terzakis,
Neilson & Brown, 2014. Longidorus quercus n. sp. differs
from L. cylindricapitatus by a less flattened head region
and non-bilobed amphidial fovea vs bilobed fovea pouch
and from L. cretensis by the shorter odontostyle of 105
(94-110) vs 139 (128-146) μm, and a shorter body length
(L = 4.9 (3.9-5.6) vs 7.53 (6.38-8.75) mm).
TYPE LOCALITY
Cerro Jusda ‘El Diablo’, Tecolapan, Jilotepec, Mexico
State, Mexico, Kilometer 107 Freeway to Queretaro State
(N-20°08 22.2 , W-99°62 464 , 2680 m a.s.l.). Collected
on 11 July 2018 and 24 March 2019 from soil around the
trunk of Quercus crassipes.
TYPE MATERIAL
Holotype female on slide-11466 and eight paratype females (catalogue number 11467) in the Colección
Nacional de Helmintos Instituto de Biología, Laboratorio de Helmintología, Universidad Nacional Autónoma de
México (CNHE), Mexico. Another three paratype females
deposited in the Nematode Collection (UCRNC), University of California, Riverside, USA, and four female paraNematology
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Fig. 5. Longidorus quercus sp. n. Female. A: Anterior region; B, C: Anterior end; D, E: Tail; F: Vulval region with posterior genital
branch atrophied; G: Anterior genital branch.
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Fig. 6. Light micrographs of Longidorus quercus sp. n. and other Longidorus spp. Female. A: Anterior region; B: Vulval region; C:
Tail. (Scale bars = 20 μm.)
Table 2. Morphometric data of holotype and paratype females
of Longidorus quercus sp. n. All measurements are in μm, apart
from L in mm, and in the form: mean ± s.d. (range).
Character
n
L
a
b
c
c
V
Lip region diam.
Lip region length
Odontostylet
Odontostyle
Odontophore
Guiding ring
Pharynx length
Pharyngeal bulb length
Pharyngeal bulb diam.
Nerve ring
Length of anterior
genital branch
Length of posterior
genital branch
Anterior uterus length
Posterior uterus length
Vagina length
Vagina (% corresponding
body diam.)
Tail length
Anal body diam.
12

Holotype

Paratypes

–
5.23
64.8
11.3
121.0
1.06
45.6
26.4
12.0
167
107
60
30
461
98
22
192
451

15
4.9 ± 0.5 (3.9-5.6)
71.2 ± 9.1 (60.8-93.2)
10.8 ± 1.5 (7.1-13.0)
117.5 ± 16.1 (89-147)
0.81 ± 0.1 (0.65-1.10)
51.1 ± 5.0 (42.9-62.0)
21.8 ± 2.0 (18.0-26.0)
12.5 ± 2.0 (10.0-18.0)
170 ± 15.4 (144-206)
105 ± 4.6 (94-110)
65 ± 15.1 (40-96)
30.1 ± 2.7 (26-38)
466 ± 66.6 (372-646)
105 ± 9.2 (82-120)
24 ± 1.9 (22-28)
220 ± 30.1 (192-310)
497 ± 120.1 (360-703)

487

520 ± 137.4 (372-914)

233
230
33.6
51.8

250 ± 24.3 (208-295)
253 ± 43.9 (180-365)
33.1 ± 4.8 (24-40)
47.2 ± 7.9 (31.6-60.0)

43
41

40 ± 3.3 (36-48)
51 ± 6.1 (38-58)

types (catalogue number A-109) in the Colegio de Postgraduados Nematode Collection (CPNC). Zoobank ID:
urn:lsid: zoobank.org: pub:AD7E5081-52FE-4940-8D76EB17F3C37AC5.
MOLECULAR CHARACTERISATION
The D2-D3 of 28S rRNA gene sequence alignment
contained 82 sequences of Longidorus, including two new
sequences of the Mexican L. quercus sp. n., and three
sequences of outgroup taxa. The alignment was 943 bp
in length. The phylogenetic position of L. quercus sp. n.
within the genus is given in Figure 7. Longidorus quercus
sp. n. belongs to the main clade I, according to Subbotin
et al. (2013). Relationships of the new species with other
Longidorus spp. are not well resolved. Two sequences of
L. quercus sp. n. differed by 6 bp (0.8%) from each other
and by 35 bp (4.0%) and more from other species.
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Fig. 7. Phylogenetic relationships of Longidorus quercus sp. n. with other Longidorus species as inferred from Bayesian analysis
using the D2-D3 of 28S rRNA gene sequences under the GTR + I + G model. Posterior probabilities greater than 70% are given for
appropriate clades. New sequences are indicated in bold.
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