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Summary – During surveys for stubby root nematodes in the natural vegetation of California, Oregon and Washington, USA, three
known species, viz., Trichodorus californicus, T. intermedius and T. obscurus were recovered together with ten unidentified Trichodorus
species. The three known and one new species were studied using an integrated approach. Trichodorus pseudoaequalis n. sp. is
characterised by a medium-sized body about 800 μm long on average, male with two ventromedian cervical papillae anterior to
secretory-excretory pore and three precloacal supplements all located anterior to the retracted spicules; spicules 39 μm long (average),
slightly ventrally curved, more so in head region and blade with slight indentation mid-way and striation more pronounced in posterior
half. Females possess a rather short (average 33% of corresponding body diam.) pear-shaped vagina with small vaginal sclerotised
pieces (ca 1.5 μm long), rounded triangular in shape, obliquely orientated and close together; one pair of sublateral body pores anterior
(about four vulval body diam.) to vulva and one pair of post-advulvar sublateral body pores. Trichodorus pseudoaequalis n. sp. differs
from the most similar species, T. aequalis, in male characters like general spicule shape and ornamentation and in the position of the
dorsal pharyngeal gland nucleus in both sexes (at same level of posterior ventrosublateral pair vs clearly separated). The phylogenetic
relationships of the recovered species were reconstructed using the ITS2 rRNA and the D2-D3 expansion segments of 28S rRNA gene
sequences.

Keywords – ITS2 rRNA gene, morphology, morphometrics, new species, phylogeny, Salix sp., stubby root nematodes, taxonomy,
Trichodorus californicus, Trichodorus intermedius, Trichodorus obscurus.

A survey for trichodorid nematodes in California, USA,
in soils under natural vegetation, revealed stubby root
nematodes to be common and diverse. Several known
and unidentified species of Trichodorus Cobb, 1913 were
identified based on an integrated approach. An initial
overview of their molecular characterisation was included
in Subbotin et al. (2020). One new species, Trichodorus
pseudoaequalis n. sp., indicated as Trichodorus sp. 1 in
Subbotin et al. (2020), and additional information on three
known species will be dealt with in this contribution. The
new species belongs to Clade I that groups species from
Europe, Asia and North America, which are characterised
in the male by the possession of two ventromedian cervi-
cal papillae (CP) and in the female by small oblique trian-

gular vaginal sclerotised pieces (Subbotin et al., 2020).
The three known species, T. intermedius Rodriguez-M.
& Bell, 1978, T. obscurus Allen, 1957 and T. californi-
cus Allen, 1957, belong to Clade III, which only contains
species from California, Oregon and Washington, USA,
and are characterised in the male by having either 0 or
1 CP and in the female by the well-developed, more or
less rounded, triangular vaginal sclerotised pieces with the
longest side parallel to the longitudinal body axis (Sub-
botin et al., 2020). Thus, the present paper aims: i) to pro-
vide morphological and morphometric descriptions of a
new and known Trichodorus species from California; and
ii) to reconstruct phylogenetic relationships between some
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Trichodorus species found in three western states of the
USA and belonging to two different phylogenetic groups.

Materials and methods

NEMATODE POPULATIONS

The nematode populations used in this study were
obtained from soil samples collected from the rhizosphere
of different plants in different locations in the USA
(California, Oregon and Washington) (Table 1). The
samples consisted of soil and root fragments collected at
a depth of 10-30 cm. Nematode specimens were extracted

from soil using the centrifugal flotation method (Jenkins,
1964) and used for the morphological and molecular
studies.

LIGHT MICROSCOPIC (LM) STUDY

Specimens for light microscopic observations were
killed by gentle heat, fixed in a solution of 4% formalde-
hyde and processed to pure glycerin using Seinhorst’s
method (1966). Specimens were examined and drawings
and microphotographs made using a Nikon Eclipse micro-
scope with Nomarski differential interference contrast at
powers up to 1000× magnification connected to a Nikon

Table 1. The species and populations of stubby root nematodes from California, Oregon and Washington states, USA, used in the study.

Species Location Host Sample code GenBank accession number Source and reference

Partial 28S
rRNA gene
sequence

ITS rRNA
gene

sequence

Trichodorus californicus USA, California, Sonoma
County, Guerneville

Redwood CD803,
CD1753a

MK584788,
MK584789

– S.A. Subbotin;
Subbotin et al. (2020)

T. californicus USA, California,
Sacramento County,
Rancho Cordova, River
Band Park

Blackberry CD1756a, b MK584790,
MK584791

MT418489,
MT418490

S.A. Subbotin;
Subbotin et al. (2020)

T. californicus USA, California,
Sacramento County,
Rancho Cordova, River
Band Park

Grasses CD846-2 – MT418491 S.A. Subbotin

T. intermedius USA, California, Temecula,
Riverside County, Dripping
Springs Campground

Trees CD1807,
CD1809

MK584786,
MK584787

MT418493,
MT418494

S.A. Subbotin;
Subbotin et al. (2020)

T. obscurus USA, California, Yolo
County, Winters, Putah
Creek State Wildlife Area

Salix sp. CD825,
CD1022,

CD1787c, d
CD1788a, b

MK584793-
MK584795,
MK584797-
MK584799

MT418485,
MT418498,
MT418499,
MT418500,
MT418501

S.A. Subbotin;
Subbotin et al. (2020)

T. obscurus USA, California, Solano
County, UC Davis –
Stebbins Cold Canyon
Natural Reserve

Acer sp. CD821 MK584800 MT418484 S.A. Subbotin;
Subbotin et al. (2020)

T. obscurus USA, California, Napa
County, Napa, Wragg
Canyon Road

Salix sp. CD823 MK584796 MT418486 S.A. Subbotin;
Subbotin et al. (2020)

T. pseudoaequalis n. sp. USA, California,
Sacramento County,
Rancho Cordova, River
Band Park

Salix sp. CD844a, b,
CD853,

CD1795a, b,
CD1796a, b

MK584759,
MK584760,
MK584762,
MK584764-
MK584766,
MK584768

MT418476,
MT418477

S.A. Subbotin;
Subbotin et al. (2020)
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Trichodorus species from California, USA

Table 1. (Continued.)

Species Location Host Sample code GenBank accession number Source

Partial 28S
rRNA gene
sequence

ITS rRNA
gene

sequence

T. pseudoaequalis n. sp. USA, California,
Sacramento County,
Rancho Cordova, River
Band Park

Unknown
plant

CD1797a, b MK584763,
MK584767

– S.A. Subbotin;
Subbotin et al. (2020)

T. pseudoaequalis n. sp. USA, California,
Sacramento County,
Rancho Cordova, River
Band Park

Blackberry CD1798 MK584761 – S.A. Subbotin;
Subbotin et al. (2020)

T. pseudoaequalis n. sp. USA, California,
Sacramento County,
Rancho Cordova, River
Band Park

Blackberry CD1756-2 – – S.A. Subbotin;

Trichodorus sp. 2 USA, California, Contra
Costa County, Mount
Diablo State Park

Unknown
plant

CD1777a, b,
CD1780,
CD1781

MK584769-
MK584772

MT418478,
MT418479

S.A. Subbotin;
Subbotin et al. (2020)

Trichodorus sp. 3 USA, California, El Dorado
County, Falcon Crest

Tree and
grasses

CD835a, b,
CD1806

MK584773-
MK584775

MT418480,
MT418481

S.A. Subbotin;
Subbotin et al. (2020)

Trichodorus sp. 5 USA, Nevada, Red Rock
Canyon

Bush CD1743 MK584777 MT418482 S.A. Subbotin;
Subbotin et al. (2020)

Trichodorus sp. 6. USA, California,
Sacramento County,
Rancho Cordova, River
Band Park

Grasses CD846-1 MK584792 – Subbotin et al. (2020)

Trichodorus sp. 7 USA, California,
Sacramento County,
Rancho Cordova, River
Band Park

Salix sp. CD1769a MK584801 MT418496 S.A. Subbotin;
Subbotin et al. (2020)

Trichodorus sp. 7 USA, California, Marin
County, Key Creek Fishing
Access

Salix sp. CD887 MK584802 – S.A. Subbotin;
Subbotin et al. (2020)

Trichodorus sp. 8 USA, California, Marin
County, Point Reyes Station

Grasses CD861 MK584803 MT418495 S.A. Subbotin;
Subbotin et al. (2020)

Trichodorus sp. 9 USA, California, Monterey
County, Salinas

Turf grasses CD1251 MK584804 MT418497 S.A. Subbotin;
Subbotin et al. (2020)

Trichodorus sp. 11 USA, Oregon, Tillamook
County, Cape Meares,
Lighthouse

Trees CD3106 MT418515,
MT418516

MT418487 S.A. Subbotin

Trichodorus sp. 11 USA, Washington, Grays
Harbor County

Unknown
plant

CD3147 MT418517 MT418488 S.A. Subbotin

Trichodorus sp. 12 USA, Oregon, Curry
County, Carpenterville

Unknown
plant

CD3137 MT418514 MT418492 S.A. Subbotin

Paratrichodorus allius USA, Washington, Grays
Harbor County, Ocean
Shore

Unknown
plant

CD3148 MT418518 MT418483 S.A. Subbotin

Tylolaimophorus minor USA, Oregon, Lincoln
County, Siletz Bay National
Wildlife Refuge

Unknown
plant

CD3150 MT418519 – S.A. Subbotin
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camera and DS-L4 tablet (UGent). Measurements were
done using a drawing tube attached to the light micro-
scope.

DNA EXTRACTION, PCR, SEQUENCING AND

PHYLOGENETIC ANALYSIS

DNA was extracted from between one and seven
specimens of each sample using the proteinase K protocol.
DNA extraction, PCR and cloning protocols were used
as described by Tanha Maafi et al. (2003). The following
primer sets: 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′)
(Vrain et al., 1992) primers were used for amplification
of the ITS2 rRNA gene and 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., 2020) were used for amplification of
the D2-D3 expansion segments of 28S rRNA gene. The
PCR products were purified using QIAquick (Qiagen)
Gel or PCR extraction kits and then submitted for direct
sequencing or cloned using pGEM-T Vector System
II kit (Promega). Sequencings were done at Quintara
Biosciences. New sequences of trichodorids are deposited
in the GenBank database and accession numbers are given
in Table 1 and the phylogenetic trees. A new sequence of
Tylolaimophorus minor from Oregon was also included in
the study.

The newly obtained sequences of the ITS2 rRNA gene
and D2-D3 of 28S rRNA genes from Trichodorus species
belonging to Clades I and III according to Subbotin et al.
(2020) were aligned using ClustalX 1.83 (Thompson et
al., 1997) with corresponding published gene sequences
of other Trichodorus from these clades (Pedram & Pour-
jam, 2014; Pedram et al., 2017; Asghari et al., 2018; Sub-
botin et al., 2020 and others). Two ITS2 rRNA and one
D2-D3 of 28S rRNA gene sequence alignments were gen-
erated. Phylogenetic and sequence analyses of D2-D3 of
28S rRNA and ITS2 rRNA gene sequences were made as
described by Subbotin et al. (2020).

Identification and delimitation of species boundaries
was undertaken using an integrated approach that con-
sidered morphological and morphometric evaluation com-
bined with molecular based phylogenetic inference (tree-
based methods) and sequence analyses (genetic distance
methods) (Sites & Marshall, 2004).

Results and discussion

Trichodorus pseudoaequalis* n. sp.
= Trichodorus sp. 1 in Subbotin et al. (2020)

(Figs 1-3)

MEASUREMENTS

See Tables 2, 3.

DESCRIPTION

Male

Body medium-sized (average between 700 and
1000 μm), largely cylindrical but slightly tapering near
anterior end and, posteriorly ventrally curved, assuming
J-shape. Cuticle slightly to moderately swollen upon fix-
ation, slightly swollen at tail tip. Lip region rounded,
marked by four slightly raised double papillae (four
cephalic and four subdorsal and subventral outer labial
papillae). Amphids with slit-like opening just posterior
to lip region and funnel-shaped fovea. Cheilostome with
strengthened rods, 4.5-6.0 μm long and guiding ring at
29 μm (average) distance from anterior end. Pharyngos-
tome with slight ventrally curved onchiostyle, 67 μm on
average, with onchium about half as long. Pharynx with
slender median part, gradually widening to a glandular
bulb, 49 × 15 μm (average), surrounded by nerve ring
shortly posterior to pharyngostome. Pharyngeal bulb with
three visible (of the total of five) gland nuclei, dorsal gland
nucleus at about level of posterior ventrosublateral pair,
i.e., at posterior third of bulb, pharyngeal bulb offset (one
male with short (7.5 μm) dorsal intestinal overlap), car-
dia hardly developed. Two cervical papillae (CP) ante-
rior to secretory-excretory pore (SE-P), with the follow-
ing arrangement: CP1 close to base of pharyngostome and
19 μm (average) distant from CP2, latter close (13 μm)
to SE-P located commonly along posterior part of isth-
mus. Lateral cervical pore at level of CP1. Reproduc-
tive system monorchic, with germinal zone rather long
(68 μm) and long vesicula seminalis, packed with sperm
with sausage-shaped nucleus (3.7 × 4.5 μm). Spicules
39 μm long (average), almost straight with slightly ven-
trally curved head region and slight knob-like enlarged
manubrium, blade with minor indentation just anterior
to mid-spicule, striated but striation more pronounced in
posterior half of blade, some specimens with a pair of

* The species name refers to the close relationship with the T.
aequalis species complex.
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Trichodorus species from California, USA

Fig. 1. Trichodorus pseudoaequalis n. sp. Male: A, H: Pharyngeal region; B, C, F: Tail region with copulatory apparatus; G, I: Spicule.
Female: D, E, L: Vagina; M: Vagina and anterior genital branch; J: Tail; K: Pharyngeal region. (A, B: Holotype; C-E: Paratypes; F-M:
sample CD1756). (Scale bar = 20 μm.)
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Fig. 2. LM of Trichodorus pseudoaequalis n. sp. Males. A-E, J-L: Tail region with copulatory apparatus; F, H, I: Pharyngeal region;
G: Entire body. (J: Paratype; A-H: Sample CD1797; I, K, L: Sample CD1756). (Scale bar = 10 μm.) Abbreviations: CP = cervical
papilla; EP = secretory-excretory pore; SP = precloacal supplement.
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Fig. 3. LM of Trichodorus pseudoaequalis n. sp. Females. A: Pharyngeal region; B, C, E-G: Vagina; D: Tail region (EP = secretory-
excretory pore). (A-D: From sample CD1797; E: Paratype; F, G: From sample CD1756). (Scale bar = 10 μm.)

bristles just posterior to mid-blade indentation. Guberna-
culum parallel to spicules, its distal end keel-like thick-
ened, its proximal thin end reaching posterior border of
a well-developed capsule of suspensor muscles or trans-
formed spicule protractor muscles. Copulatory muscles
extending about one spicule length anterior to retracted
spicules. Three precloacal supplements (SP), all anterior
to retracted spicules, anteriormost supplement less devel-
oped. One pair of postcloacal supplements just posterior
to cloacal opening and a pair of caudal pores located sub-
terminally on tail. Tail bluntly rounded and short, at most
0.5 anal body diam. long. Terminal body cuticle more or
less thickened (3.3 μm average).

Female

Body straight to slightly ventrally curved, tail minute,
anus subterminal. Largely similar to male for most char-
acteristics except for reproductive system and secondary

sexual features. Reproductive system didelphic-
amphidelphic, ovaries reflexed, two finely granular
oviduct cells located near tip of reflexed ovary and sper-
mathecal or proximal part of uterus differentiated by pres-
ence of sperm. Vagina pear-shaped, rather short (33%
of corresponding body diam. on average), surrounded
by well-developed sphincter muscles and provided with
small (1.5-2.0 μm), rounded to rounded-triangular vagi-
nal sclerotised pieces in optical section arranged close to-
gether (ca 1 μm apart) and slightly oblique in orientation.
One pair of post-advulval sublateral body pores located
9.5-18 μm from vulva, and one pair of anterior sublateral
body pores ca four vulval body diam. anterior to vulva.

TYPE HABITAT AND LOCALITY

Recovered from a soil sample collected from the rhi-
zosphere of Salix sp. from River Bend Park at Ran-
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Table 2. Morphometric data of fixed male specimens of Trichodorus pseudoaequalis n. sp. All measurements are in μm and in the
form: mean ± s.d. (range).

Character Holotype Paratypes CD1797 sample CD1756-2 sample

n – 9 4 4
L 815 777 ± 44.9 (720-864) 868 ± 31.3 (835-910) 926 ± 78.6 (818-1039)
a 23.3 20.85 ± 1.8 (18.6-23.6) 22.5 ± 1.4 (20.9-24.6) 22.4 ± 4.0 (16.7-27.0)
b 5.13 4.6 ± 0.6 (4.0-5.8) 5.1 ± 0.6 (4.5-6.0) 5.2 ± 0.3 (4.9-5.6)
c 77.7 67.1 ± 10.2 (48.1-78.5) 67.4 ± 7.1 (60.0-79.1) 82.5 ± 10.1 (66.7-94.4)
T 67.8 53.9 ± 12.4 (44.5-71.8) 62.1 ± 3.2 (58.5-65.6) 65.1 ± 0.9 (64.0-66.4)
Onchium 33 35 ± 1.4 (34-37) 38 ± 0.2 (38-38) 37 ± 2.4 (33-39)
Onchiostyle 65 67 ± 2.7 (64-71) 70 ± 2.9 (65-72) 70 ± 1.9 (67-72)
Pharynx length (along lumen) 159 168 ± 21.6 (136-194) 170 ± 12.8 (151-185) 179 ± 10.5 (165-192)
Pharyngostome 78 77 ± 5.4 (65-84) 78 ± 6.1 (67-82) 83 ± 3.2 (78-86)
Anterior to nerve ring – 71-94 (n = 4) 84 ± 8.6 (70-93) 93 ± 6.0 (90-104)
Anterior to CP1 78 82 ± 5.4 (71-88) 87 ± 1.6 (85-89) 93 ± 3.5 (90-99)
Anterior to LP 84 75, 81 (n = 2) 92 ± 3.5 (89-96) 98 ± 5.4 (92-105)
CP1 to CP2 15 19 ± 4.4 (12-26) 21 ± 1.3 (19-22) 24 ± 3.7 (20-29)
Distance CP2 to SE-P 7.5 8.3 ± 2.9 (3.7-13.0) 9.3 ± 2.8 (7.0-14.0) 9.0 ± 2.3 (5.0-11.0)
Ant. to guiding ring 30 29 ± 2.7 (22-31) 30 ± 0.8 (29-31) 32 ± 1.3 (30-33)
Pharyngeal bulb (length) 45 50 ± 1.9 (48-53) 42, 53 (n = 2) 43, 50 (n = 2)
Pharyngeal bulb (diam.) 16 15.3 ± 2.1 (12-18) 17.1 ± 1.0 (15.5-18) 19.1 ± 2.6 (16-23)
mbd (cardia) 35 34 ± 3.4 (28-39) 37 ± 1.0 (36-38) 37 ± 2.7 (34-41)
mbd (mid-body) 40 37 ± 3.5 (30-41) 39 ± 1.1 (37-40) 42 ± 5.1 (36-49)
Anal body diam. 21 21 ± 2.5 (18-25) 23 ± 0.9 (21-24) 23 ± 1.0 (22-25)
Cloacal opening to SP1 distance 34 35 ± 2.2 (32-39) 35 ± 3.4 (32-39) 36 ± 1.0 (35-37)
SP1 to SP2 distance 45 35 ± 4.5 (31-45) 42 ± 2.7 (39-46) 46 ± 2.7 (42-49)
SP2 to SP3 distance 44 41 ± 4.9 (33-47) 43 ± 1.3 (41-45) 51 ± 7.0 (46-63)
Spicule length 39 39 ± 2.0 (36-43) 38 ± 2.2 (35-41) 41 ± 1.2 (38-41)
Gubernaculum 18 18 ± 2.4 (13-21) 13, 18 (n = 2) 17 ± 1.8 (14-19)
Tail length 10.5 12.0 ± 1.6 (10.5-15.0) 12.9 ± 0.9 (11.5-14.0) 11.4 ± 1.6 (9.5-14.0)
Cuticle at tail tip (width) 3 2.9 ± 0.6 (3.0-4.5) 3.2 ± 0.3 (3.0-3.8) 1.9 ± 0.6 (1.5-3.0)
Number SP 3 3 3 3
Number CP 2 2 2 2
Testis length 179 179 (n = 1) 202 ± 25.1 (173-233) 228 ± 35.2 (184-234)
L/spicule length 21.2 19.8 ± 1.2 (18.7-21.9) 22.9 ± 2.0 (20.5-26.0) 22.8 ± 1.5 (21.2-25.3)
L/onchiostyle 12.5 11.5 ± 0.6 (10.8-12.4) 12.4 ± 1.0 (11.6-14.0) 13.2 ± 1.1 (11.7-14.6)
D dorsal nucleus to pharynx base 27 12.5, 22 (n = 2) 15.1 ± 2.7 (11.5-19) 15.0 ± 1.4 (13.0-16.0)
Posterior ventrosublateral

nucleus to pharynx base
12 15 (n = 1) 32.0 ± 2.7 (29-36) 13.2 ± 2.6 (12-17)

Abbreviations: CP = cervical papilla; mbd = max. body diam.; LP = lateral cervical pore; L/spicule length = body length divided
by spicule length; L/onchiostyle = body length divided by onchiostyle length; SE-P = secretory-excretory pore; SP = precloacal
supplement.

cho Cordoba, California (sample CD844). GPS: latitude:
38.598485; longitude: –121.328326.

OTHER LOCALITIES

Two points a few metres away from type locality; one
associated with an unidentified tree (code CD1797), and
the second in association with blackberry (CD1756-2) and

with mixed Trichodorus species (T. pseudoaequalis and T.
californicus).

TYPE MATERIAL

Holotype male and one male and female paratype (slide
CD844) deposited in the University of California, Davis,
CA, USA. Three slides (UGMD104387-104389) with five
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Table 3. Morphometric data of fixed female specimens of Trichodorus pseudoaequalis n. sp. All measurements are in μm and in the
form: mean ± s.d. (range). Abbreviations as defined in Table 1.

Character Paratypes CD1797 sample CD1756-2 sample

n 6 5 3
L 815 ± 32.5 (788-827) 916 ± 60.8 (840-1071) 1012 ± 52.0 (944-1070)
a 20.6 ± 2.5 (16.1-23.6) 23.7 ± 1.9 (21.0-27.8) 22.9 ± 1.9 (20.2-24.4)
b 5.1 ± 0.4 (4.5-5.4) 5.0 ± 0.3 (4.6-5.6) 5.4 ± 0.2 (5.2-5.6)
V 53.5 ± 1.7 (52.2-56.6) 54.1 ± 3.0 (52.5-61.3) 55.0 ± 0.1 (54.9-55.1)
G1 26, 34 (n = 2) 41 (n = 1) 24, 40 (n = 2)
G2 17, 26 (n = 2) 38 (n = 1) 27 ± 3.1 (23-31)
Onchium 35 ± 1.8 (33-38) 37 ± 2.1 (31-41) 36 ± 2.6 (32-37)
Onchiostyle 68 ± 2.2 (64-70.5) 71 ± 3.3 (62-77) 71 ± 2.9 (68-75)
Pharynx length (along lumen) 161 ± 10.9 (147-176) 183 ± 5.3 (176-191) 187 ± 3.6 (182-190)
Pharyngostome 76 ± 2.0 (74-79) 82 ± 4.67 (70-91) 82 ± 2.6 (78-84)
Anterior to nerve ring 80 ± 4.8 (78-86) 90 ± 1.0 (88-92) 93 ± 2.0 (90-95)
Anterior to SE-P 107 ± 10.9 (88-120) 116 ± 6.6 (104-128) 134 ± 11.1 (125-150)
Anterior to guiding ring 27.8 ± 2.0 (25-30) 31.2 ± 1.5 (28.0-34.5) 29.7 ± 2.0 (27-32)
Pharyngeal bulb (length) 49 ± 8.2 (42-61) 55 ± 5.8 (49-69) 59 ± 2.7 (56-61)
Pharyngeal bulb (diam.) 15.7 ± 2.4 (12.0-18.5) 18.6 ± 2.6 (13.0-21.5) 21.7 ± 5.2 (17-29)
mbd (cardia) 37 ± 2.9 (33-41) 37.9 ± 2.6 (34-43) 40.3 ± 4.8 (36-47)
mbd (mid-body) 40 ± 4.5 (37-49) 39 ± 3.6 (34-44.3) 45 ± 6.0 (39-53)
Anterior ovary length 46, 87 (n = 2) 125 54, 121 (n = 2)
Anterior genital branch length 207, 300 379 (n = 1) 243, 428 (n = 2)
Posterior ovary length 36, 91 (n = 2) 135 (n = 1) 85.0 ± 31.1 (49-125)
Posterior branch length 356 (n = 1) 356 (n = 1) 277 ± 45.7 (222-334)
Anterior end to vulva 436 ± 15.7 (414-456) 496 ± 45.2 (390-517) 557 ± 29.1 (519-590)
Vagina length 13.1 ± 2.2 (9-15) 14.0 ± 0.8 (13-16) 17.7 ± 0.9 (17-19)
Vaginal sclerotised pieces length 1.7 ± 0.3 (1.5-2.0) 2.2 ± 0.1 (1.9-2.3) 2.9 ± 0.4 (2.5-3.5)
Distance between sclerotised

pieces
0.9 ± 0.6 (0.0-1.5) 0.9 ± 0.2 (0.75-1.5) 1.3 ± 0.5 (1.0-2.0)

Postadvulvar body pore from
vulva distance

13.7 ± 3.1 (9.5-18) 14 ± 1.7 (12-19) 18, 37 (n = 2)

Anterior body pore distance
from vulva

157, 238 (n = 2) – –

Vagina as % of mbd 32.7 ± 6.6 (23.7-40.5) 35.2 ± 1.5 (32.6-38.24) 42.0 ± 1.6 (35.8-43.6)
L/onchiostyle 12.1 ± 0.4 (11.4-12.7) 12.8 ± 0.7 (11.8-13.9) 15.15 ± 0.7 (14.12-15.74)
Dorsal nucleus to pharynx base 18.5 (n = 1) 15.1 ± 3.08 (10-20) 14.0. 14.0 (n = 2)
Posterior ventrosublateral

nucleus to pharynx base
18.5 (n = 1) 14.2 ± 2.2 (11-17) 15.5 ± 2.7 (12.5-19)

paratype males and two females deposited in the UGent
nematode collection. Zoobank ID: urn:lsid:zoobank.org:
pub:9A18430A-F2C3-4ABD-AA2A-4570D300E9D6.

DIAGNOSIS AND RELATIONSHIPS

The new species is median sized (about 800 μm long
on average) with dorsal pharyngeal gland nucleus located
in the posterior third of the bulb and at the same level
as the posterior pair of ventrosublateral gland nuclei. Tri-
chodorus pseudoaequalis n. sp. is characterised in the

male by the possession of two ventromedian CP, both lo-
cated posterior to the pharyngostome and anterior to the
SE-P, three ventromedian supplements, all located ante-
rior to the retracted spicules, and spicules 39 μm long (av-
erage), more or less straight with slightly ventrally curved
head region and slight knob-like enlarged manubrium,
blade with minor indentation just anterior to mid-spicule
and striation more pronounced in posterior half of blade.
Some specimens have a pair of bristles just posterior to
the mid-blade indentation. Females possess a rather short
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(average 33% of corresponding body diam.) pear-shaped
vagina with small (ca 1.5 μm) vaginal sclerotised pieces,
rounded triangular in shape, obliquely orientated and ar-
ranged close together, one pair of sublateral body pores
anterior (about four vulval body diam.) to the vulva, and
one pair of post-advulvar sublateral body pores.

The polytomous identification codes, based on Decrae-
mer & Baujard (1998) for the male of the type population
is: A222, B33, C12, D2, E0, F3, G0, H3, I1(3), J3, K2,
L5, M47 (36), N1, O3, P2 (idem for sample CD1756-2 but
A223); and for the female of the type population: A222,
B33, C1, D1, E3, F1, G?, H1, I12, J1, K2, L1, M1, N1, O1,
P1, Q1, R1, S3, T1 (variation in sample CD 1756: A223,
I2, K34 and in sample CD1797: A223, I?, K23, L22).

To select the most similar species the updated key
of Decraemer & Baujard (1998; update unpubl.) was
used. For males, sorting was done on the following fea-
tures: 1) total number of CP; 2) number of CP oppo-
site the onchiostyle region, followed by: 3) shape of
blade. This grouped the new species with the follow-
ing similar species: T. paucisetosus Bernard, 1992a, T.
parorientalis Decraemer & Kilian, 1992, T. elefjohn-
soni Bernard, 1992b, T. iliplaensis Decraemer, Palomares-
Rius, Cantalpiedra-Navarette, Landa, Duarte, Almeida,
Vovlas & Castillo, 2013, and T. paragiennensis De-
craemer, Palomares-Rius, Cantalpiedra-Navarette, Landa,
Duarte, Almeida, Vovlas & Castillo, 2013. All share the
presence of an indentation on the mid-spicule point of
the blade and the presence of two CP posterior to the on-
chiostyle. Trichodorus pseudoaequalis n. sp. differs from
all of them in the general spicule shape (curvature mainly
in head region and striation most obvious in posterior
blade region) and absence of SP in region of retracted
spicules. In female, the new species shares a similar shape
of vagina (code H) and characteristics of the vaginal scle-
rotised pieces (codes, J, K, M) with six species. Four
species are typical for China and Japan: T. cedarus Yokoo,
1964, T. paracedarus Xu & Decraemer, 1995, T. tricaula-
tus Shishida, 1979, and T. japonicus Zhao, Xie, Gu &
Xu, 2013; one species, T. iliplaensis, is known only from
the type population in Spain; and one species, T. ae-
qualis Allen, 1957, is common in California. However,
females of this species group are difficult to differenti-
ate. Loof (1973) and later Decraemer et al. (2008) re-
garded them as members of a T. aequalis species complex,
showing more intraspecific variations, e.g., in onchiostyle
length, than other species of the genus. Additional molec-
ular information is needed to differentiate species of this
species complex. Without the support of molecular data,

the interpretation of intraspecific variation of measure-
ments, for example, are difficult to interpret and could
be based on a combination of more than one cryptic
species. The new species appears to possess a somewhat
longer onchiostyle (average range of three populations,
67.6-71.5 μm) than the other species: T. aequalis (av-
erage 62 μm), T. cedarus (averages 42-66 μm), T. ili-
plaensis (47.5 μm), T. japonicus (averages 56-59 μm),
T. paracedarus (averages 41-42 μm), and T. tricaulatus
(average 42 μm). The new species appears in many mor-
phological and morphometric features most similar to T.
aequalis but differs from it (based on holotype/paratype
female from the type locality) in spicule shape and orna-
mentation (with mid-blade indentation and clear striation
of posterior blade portion vs no indentation and no stria-
tion in T. aequalis types) and in both genders the position
of the dorsal pharyngeal gland nucleus located at the same
level as the posterior ventrosublateral pair vs clearly sep-
arated in female type specimens. The current males also
clearly differ from the single male specimen of T. aequalis
recorded from Alaska (Bernard, 1992a) in possessing a
shorter onchiostyle (67.5 (64-71) vs 79 μm) and a differ-
ent type of spicule (smooth and non-indented at the mid-
blade in the Alaskan specimen).

NOTES

When proposing T. aequalis as a new species, Allen
(1957) indicated soil at roots of toyon as the type host
and Mt Diablo, California, USA, as the type locality and
described one male holotype and one female allotype. He
further mentioned that the new species had been collected
from several other hosts and localities: i) California: from
soil at roots of manzanita, Baxter; Arbutus sp., Orinda;
manzanita, Pyramid Ranger Station; and Eucalyptus from
Rancho Santa Fe; ii) Colorado: soil at roots of pine and
cactus, Idaho Springs; and iii) from Oregon: soil from
Canby and Brooks. In the description of the new species
he gave additional measurements of eight females and
seven males. It is not clear if these measured specimens
are from one or more localities. Loof (1973) re-examined
the holotype specimen and also looked at four females
and four males from the Orinda populations that he
indicated as “paratype population”. He observed that the
onchiostyle of the holotype and ‘allotype’ were shorter
(�60 μm) while the population of Orinda (different
locality and host) had a longer onchiostyle (>70 μm).

In his discussion on the T. aequalis complex, Loof
(1973) concluded that species of this species complex,
such as T. aequalis and T. sparsus Szcygiel, 1968, are
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more variable than other Trichodorus species. Bernard
(1992a) found a single male specimen in California
possessing a long onchiostyle (79 μm). However, the
statement of a ‘wide’ range in measurements needs
to be supported molecularly since apparently the type
collection is not based on specimens from a single type
locality and host.

Trichodorus intermedius Rodriguez-M. & Bell,
1978

(Figs 4, 5)

MEASUREMENTS

See Table 4.

DESCRIPTION

Male

The collected specimens agree with the original de-
scription in all aspects including measurements (see Ta-
ble 4; Figs 4-5). In the original description the position
of the SE-P, guiding ring, single CP and the position of
the three ventromedian precloacal supplements were only
given for the holotype male. The presence of a pair of
lateral cervical pores at about CP level was not men-
tioned originally and sperm cells are large to medium-
sized with a round nucleus. Spicules in the studied speci-
mens showed a clear striation compared to type specimens
and in some specimens the presence of faint bristle-like
plicae in the spicular pouch can be observed. One pair of
postcloacal supplements is well developed.

Female

The females studied show some variations compared
to the original description: the vagina is elongate pear-
shaped (probably due to contraction of the vaginal con-
strictor muscles) vs more rhomboid, the vaginal sclero-
tised pieces vary from oblique to less oblique in orien-
tation vs oblique originally, and the vulval lips can be
slightly protruded in some specimens, like in Figure 4D
in the original description. In the original description,
the female body length showed a somewhat wider range
(680-1130 μm (based on 23 specimens) vs 800-1008 μm
based on 11 specimens) but a slightly narrower range for
onchiostyle length (62-75 vs 59-72 μm).

MATERIAL

This population was recovered from the sample
CD1809 collected from Dripping Springs Campground,
CA, USA, from different plants within a restricted area of
some 10 m2; nine males and 11 females were morpholog-
ically studied in detail.

RELATIONSHIPS

The polytomous identification codes for this popula-
tion, based on Decraemer & Baujard (1998) are as fol-
lows: for males: A222, B33, C22, D1, E0, F3, G2, H3, I1,
J2, K21, L1, M276, N6, O3, P2.; and for females: A223,
B23, C1, D1, E3, F1, G2, H17, I32, J16, K5, L1, M21,
N1, O1, P6, Q1, R1, S3, T1.

Rodriguez-M. & Bell (1978) distinguished T. inter-
medius from T. californicus and T. obscurus in the male by
the position of the precloacal supplements (two SP clearly
within the region of the retracted spicules instead of one
SP), and from T. obscurus by the presence of 1 CP instead
of none. Females of T. intermedius only differ from both
the other species in the shape of the vaginal sclerotised
pieces.

Using the updated polytomous key of Decraemer &
Baujard (1998; update unpublished), sorting of the coded
features for males upon the number of CP, we can add
three other similar species to T. intermedius, described
from USA: T. obtusus, T. dilatatus and T. elegans. T.
intermedius, differs in addition in spicule shape from
T. dilatatus, with long widened proximal spicule end;
and from T. elegans by the half as long onchiostyle
(62-74 vs 140-155 μm). In female, T. obtusus (syn. T.
proximus) has much smaller triangular vaginal sclerotised
pieces and a pore-like vulva in ventral view while in
the other species the vulva is a transverse slit and the
triangular to rectangular sclerotised vaginal pieces have
the longest side parallel with the longitudinal body axes
and are larger. Apart from T. elegans with much longer
onchiostyle, the females of T. intermedius, T. californicus
and T. obscurus have more or less comparable shape of
sclerotised pieces of the vagina but differ in size, i.e.,
average 7.2 vs 4.4 μm and 3.0-4.5 μm respectively; T.
dilatatus female differs from them in addition to more
triangular sclerotised pieces, with strong inner indentation
in optical section and average 4 μm wide.

Trichodorus intermedius sequences grouped the species
within Clade III (Subbotin et al., 2020), which gathered
only species from California, Oregon and Washington, all
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Fig. 4. Trichodorus intermedius Rodriguez-M. & Bell, 1978 from Riverside County, California. Males. A: Pharyngeal region; B: Testis;
C: Tail region with copulatory apparatus. Females. D: Pharyngeal region; E-H: Vagina; I: Vagina and anterior genital branch. (Scale
bar = 10 μm.)

12 Nematology

Downloaded from Brill.com09/06/2020 12:28:43AM
via University of California Davis



Trichodorus species from California, USA

Fig. 5. LM of Trichodorus intermedius Rodriguez-M. & Bell, 1978 from Riverside County, California. Males. F: Entire body; G:
Pharyngeal region; H, I: Tail region with male copulatory apparatus, arrows point to pre- and postcloacal supplements, and caudal pore;
J: Tail region with focus on gubernaculum. Females. A. Entire body; B-E: Variations of vagina and sclerotised pieces, copulatory plug
visible in C. (Scale bars: A, F = 100 μm; B-E, G-J = 10 μm.) Abbreviations: CP = cervical papilla; EP = secretory-excretory pore;
LP = lateral pore.
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Table 4. Morphometric data of fixed specimens of Trichodorus intermedius from Riverside County. All measurements are in μm and
in the form mean ± s. d. (range). Abbreviations as defined in Table 1.

Character Male Female

n 9 11
L 859 ± 65.0 (746-995) 885 ± 71.3 (800-1008)
a 18.6 ± 1.8 (15.7-21.9) 16.6 ± 1.6 (14.0-18.9)
b 4.9 ± 0.3 (4.4-5.2) 4.7 ± 0.5 (3.5-5.1)
c 76.6 ± 14.5 (62.2-103.8) –
V – 57.4 ± 1.9 (54.5-61.4)
G1 – 32.1 ± 4.0 (27.3-40.0)
G2 – 31.9 ± 2.2 (27.3-34.0)
T 64.0 ± 4.0 (57.3-71.6) –
Onchium 34 ± 1.5 (32-36) 34 ± 1.5 (32-37)
Onchiostyle 66 ± 3.8 (61-73) 67 ± 3.4 (59-71)
Pharynx length (along lumen) 174 ± 10.3 (164-198) 190 ± 15.2 (174-230)
Pharyngostome 76 ± 3.7 (72-83) 79 ± 3.8 (73-85)
Anterior to nerve ring 88 ± 4.8 (80-95) 91 ± 4.5 (85-97)
Anterior to SE-P 128 ± 12.0 (104-147) 127 ± 9.3 (111-138)
Anterior to LP 104 ± 8.0 (90-116) –
CP1 to SE-P distance 27.8 ± 7.0 (11.0-33.0) –
Anterior to guiding ring 30.3 ± 1.8 (28.0-34.0) 30.0 ± 1.4 (28-37.5)
Pharyngeal bulb (length) 56 ± 6.5 (49-68) 68 ± 12.3 (55-84)
Pharyngeal bulb (diam.) 23.0 ± 1.9 (20-26) 27.3 ± 2.6 (23-31)
mbd (cardia) 41.2 ± 4.4 (33-49) 45.8 ± 4.2 (41-52)
mbd (mid-body) 46.6 ± 6.5 (34-56) 52.8 ± 4.0 (46-59)
Anal body diam. 22.5 ± 1.6 (20-25) –
Cloacal opening to SP1 distance 11.1 ± 1.4 (8-13) –
SP1 to SP distance 14.7 ± 2.2 (11.5-18)
SP2 to SP3 distance 48.7 ± 5.2 (37-54)
Anterior ovary length – 81 ± 16.4 (65-119)
Anterior branch length 281 ± 51.5 (219-393)
Posterior ovary length 81 ± 10.8 (63-93)
Posterior branch length 281 ± 34.0 (219-323)
Distance cloacal opening to SP2 22.5 ± 3.4 (20-31) –
Spicule length 49.3 ± 3.0 (46-54) –
Distance anterior to vulva – 508 ± 43.8 (437-586)
Gubernaculum 18.9 ± 2.0 (15.0-21.5) –
Vagina length – 28.8 ± 1.3 (27-31)
Anterior to testis 291 ± 33.6 (228-351) –
Vaginal sclerotised pieces length – 7.2 ± 0.6 (6.4-8.5)
Distance between sclerotised pieces – 0.9 ± 0.5 (0.0-1.4)
Distance postadvulvar pore from vulva – 9.1 ± 6.7 (0-24)
Tail length 11.6 ± 2.2 (8.0-13.0) –
Cuticle at tail tip 4.2 ± 1.0 (2.9-5.7) –
Number SP/vagina as % of mbd 3 57.9 ± 5.4 (47.5-63.3)
Number CP 1 –
Testis length 188 ± 33.6 (132-230) –
Germinal zone (length) 75 ± 12.9 (60-95) –
L/spicule length 17.5 ± 1.2 (16.2-19.2) –
L/onchiostyle 13.1 ± 0.8 (11.3-13.7) 14.1 ± 2.5 (11.6-21.2)
Distance dorsal nucleus from base pharynx 23.5 ± 3.3 (17.0-27.0) 21.6 ± 3.3 (17.0-24.5)
Distance posterior ventrosublateral nucleus from base pharynx 20.7 ± 3.7 (13.0-25.5) 22.3 ± 3.0 (17.0-26.5)
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of them with large sclerotised vaginal pieces with longest
side parallel to the longitudinal body axis.

Trichodorus obscurus Allen, 1957
(Figs 6-8)

MEASUREMENTS

See Tables 5, 6.

DESCRIPTION

Mainly based on sample CD1788, including varia-
tion observed in specimens from samples CD1022 and
CD825.

Male

Body medium-sized and J-shaped with a short (less
than 0.5 anal body diam.) bluntly rounded tail. Cuti-
cle slightly to moderately swollen upon fixation, slightly
swollen at tail tip, average 2.4 μm thick. Lip region
rounded, anterior sensilla arranged in an anterior circle of
six hardly visible inner labial sensilla and an outer cir-
cle of ten papillae of which four cephalic and four sub-
dorsal and subventral outer labial papillae forming dou-
ble papillae. Amphids with slit-like opening just poste-
rior to lip region and funnel-shaped fovea. Cheilostome
with strengthening rods, 5.7 μm (average) long and guid-
ing ring at 30 μm (average) from anterior end. Pharyngo-
stome with slight ventrally curved onchiostyle, 64.7 μm
on average, with onchium about half as long. Slender
mid-part of pharynx gradually widening to a glandular
bulb, 57.5 × 20 μm (average), and surrounded by nerve
ring shortly posterior to pharyngostome. Pharyngeal bulb
with three of five gland nuclei clearly visible, dorsal gland
nucleus located at about same level of posterior ventro-
sublateral pair, i.e., at posterior half of pharyngeal bulb;
pharyngeal bulb offset; cardia hardly developed. No CP.
SE-P at level of anterior region of bulb. Lateral cervical
pore along isthmus, 17 μm (average) anterior to SE-P. Re-
productive system monorchic, with medium-sized germi-
nal zone (68.5 μm average) and long vesicula seminalis,
packed with sperm with rounded nucleus (5 × 6 μm).
Spicules, 49 μm long (average), slightly ventrally curved,
manubrium with a marked subterminal portion, blade or
lamina largely cylindrical, with fine striation, not always
clear, in some specimens fine bristle-like plicae visible at
level of spicular pouch, distal end of spicule bifid with
short septum. Gubernaculum parallel to spicules, its dis-
tal end keel-like thickened, its proximal thin end reaching

posterior border of a well-developed capsule of suspensor
muscles. Copulatory muscles extending about one spicule
length anterior to retracted spicules. Three precloacal sup-
plements, two within range of retracted spicules with SP2
at level of manubrium, anteriormost supplement SP3 less
developed. One pair of very small postcloacal supple-
ments located just posterior to cloacal opening and a pair
of caudal pores (sub)terminal on tail. Tail rounded, short,
less than 0.5 anal body diam. long.

Female

Body straight to slightly ventrally curved, tail minute,
anus (sub)terminal. Largely similar to male for most
characteristics except for reproductive system and sec-
ondary sexual features. Reproductive system didelphic-
amphidelphic, ovaries reflexed, two granular oviduct cells
located between tip of reflexed ovary and spermath-
eca (part of uterus differentiated by presence of sperm).
Vagina elongate pear-shaped (41% of corresponding body
diam., average), surrounded by well-developed sphincter
muscles and provided with well developed (4-5 μm) more
or less triangular vaginal sclerotised pieces with longest
side parallel to longitudinal body axis and showing some
indentation, pieces slightly variable in size (2.5-5.0 μm)
and shape between and among populations CD1022 and
CD825. One pair of post-advulval sublateral body pores,
1.5-10 μm from vulva but varying between level of vulva
and 18 μm from vulva in females of CD1022 and CD825.

MATERIAL

Trichodorus obscurus has been recovered from three
different localities and hosts (samples CD1788, CD1022
and CD825) from California and was studied in detail
morphologically, although no material from the type
locality (sod Arlington Farm, VA, USA) was available
nor from the locations in California recorded in Allen
(1957), i.e., soil at roots of Manzanita ten miles south
of Monticello and Shasta lake in California, or from soil
at Brookings and Seal Rock in Oregon. The locality and
host information for the three studied samples are given in
Table 1.

RELATIONSHIPS

In the original description of T. obscurus in Allen
(1957), the illustrations of male and female show a to-
tal view that does not provide detailed information con-
cerning the spicules in the male or the vaginal sclero-
tised pieces in the female. Fortunately, Rodriguez-M. &
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Fig. 6. Trichodorus obscurus Allen, 1957. Males. A: Entire body; B, C: Pharyngeal region; D-I: Tail region with copulatory apparatus.
(A, B, E, G-I from sample CD1022; C, D, F from sample CD1788). (Scale bar = 10 μm.)
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Fig. 7. Trichodorus obscurus Allen, 1957. Females. A: Pharyngeal region; B, F: Tail region; C-E: Vagina and anterior genital branch
(C-D) or posterior genital branch (E); G-L: Vagina. (A, B, E, K, L from sample CD1788; C, D, F, G-J from sample CD1022). (Scale
bar = 20 μm.)
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Fig. 8. LM of Trichodorus obscurus Allen, 1957. Males. A: Entire body; B: Pharyngeal region (EP = excretory pore); H-K: Tail region
with copulatory apparatus; arrows point to SP1-SP3 in H, to SP1, SP2 and caudal pore in I and to SP1, SP2, caudal pore and spicule
bristles in K. Females. C-G: Vaginal region. (A, G, J: From sample CD1022; B, D, F, H: From sample CD1788; C, E, I, K: From sample
CD825). (Scale bars: A-C = 20 μm; D-K = 10 μm.)
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Table 5. Morphometric data of fixed male specimens of Trichodorus obscurus and T. californicus. All measurements are in μm and in
the form mean ± s. d. (range). Abbreviations as defined in Table 1.

Character T. obscurus T. californicus

CD1788 sample CD1022 sample CD825 sample CD803 sample

n 6 11 6 11
L 827 ± 161.0 (615-1007) 806 ± 74.4 (694-969) 918 ± 52.5 (855-983) 856 ± 99.7 (705-1084)
a 19.5 ± 3.1 (15-23) 19.8 ± 1.5 (17.2-23.8) 19.5 ± 2.2 (16.5-22.5) 16.1 ± 1.1 (14.3-17.5)
b 4.4 ± 0.5 (3.8-5.0) 4.9 ± 0.5 (4.3-5.9) 4.3 ± 0.3 (4.0-4.8) 4.4 ± 0.4 (3.6-5.0)
c 84.8 ± 17.6 (64.7-107.2) 91 ± 25.1 (61.8-149) – 7.3 ± 11.8 (47.0-84.8)
T 67.3 ± 1.2 (65.9-69.0) 146.0 ± 7.2 (134-160) 69.7 ± 4.5 (66.9-78.8) 75.8 ± 6.9 (69.8-78.9)
Onchium 33 ± 1.7 (30-35) 28 ± 1.2 (26-30) 40 ± 1.0 (39-41) 38 ± 1.8 (36-41)
Onchiostyle 65 ± 5.3 (56-70) 58 ± 1.3 (56-60) 83 ± 2.8 (78-85) 76 ± 2.5 (74-82)
Pharynx length (along lumen) 183 ± 20.0 (157-205) 164 ± 4.0 (157-174) 214 ± 14.0 (198-238) 193 ± 13.4 (171-214)
Pharyngostome 75 ± 7.8 (64-86) 70 ± 1.5 (68-73) 94 ± 3.4 (90-98) 88 ± 2.9 (85-94)
Anterior to nerve ring 81 ± 11.3 (66-94) 82 ± 9.8 (74-107) 103 ± 4.1 (98-107) 98 ± 6.2 (93-105) (n = 3)
Anterior to SE-P 117 ± 16.0 (94-132) 104 ± 11.3 (89-125) 133 ± 6.2 (124-139) 124 ± 13.1 (105-140)
Anterior to LP 99 ± 15.5 (78-113) 82 ± 15.3 (63-105) 126 ± 11.3 118-134) 124 ± 17.6 (83-159)
CP1 to SE-P – – – 9.4 ± 2.9 (4.0-13.0)
Anterior to guiding ring 29.9 ± 2.6 (26.0-33.5) 26.7 ± 0.7 (24.0-28.0) 36.4 ± 2.3 (32.0-38.0) 34.7 ± 1.5 (33-37)
Pharyngeal bulb (length) 57.5 ± 5.5 (57.0-64.0) 49.9 ± 7.0 (40.0-61.0) 66.2 ± 5.9 (56.0-73.0) 61.5 ± 6.1 (54-76)
Pharyngeal bulb (diam.) 20.3 ± 1.6 (18.0-26.5) 15.2 ± 1.9 (14.0-20.0) 22.7 ± 2.7 (18.0-26.0) 23.0 ± 2.8 (18-26.5)
mbd (cardia) 42.3 ± 4.2 (37.0-47.0) 38.5 ± 3.1 (33.5-42.0) 44.3 ± 5.0 (40.0-53.0) 48.5 ± 5.8 (40-61)
mbd (mid-body) 46.8 ± 5.3 (38.5-52.0) 40.9 ± 3.7 (37.0-46.0) 39.0 ± 5.4 (32.0-48.0) 53.7 ± 7.2 (41-63)
Anal body diam. 23.4 ± 1.7 (21.5-26.0) 20.1 ± 1.5 (18.0-23.5) 25.4 ± 3.0 (20.0-29.0) 26.8 ± 3.0 (24.0-33.0)
Cloacal opening to SP1 distance 10.8 ± 0.4 (10.0-14.0) 12.6 ± 1.8 (9.5-15.0) 11.8 ± 2.1 (10.0-14.5) 12.18 ± 1.8 (8-14)
SP1 to SP2 distance 20.7 ± 2.8 (17.0-22.0) 19.8 ± 3.6 (15.5-26.0) 21.7 ± 3.6 (17.0-27.0) 38.5 ± 6.4 (26.0-50.0)
SP2 to SP3 distance 31.5 ± 4.2 (26.0-37.0) 46.3 ± 8.2 (33.0-55.0) 35.3 ± 7.6 (27.0-47.0) 36.4 ± 6.9 (27-46)
Distance cloacal opening to SP2 31 ± 2.9 (28-36) 29 ± 4.1 (24-39) 32 ± 3.8 (27-37.5) 51 ± 7.2 (38-63)
Spicule length 49 ± 4.6 (42-54) 46 ± 1.9 (42-48) 55 ± 3.0 (50-59) 55 ± 2.9 (50-59)
Gubernaculum 21.8 ± 3.7 (16.0-26.5) 16.3 ± 2.3 (15.5-21.0) 25.3 ± 1.9 (23.0-28.0) 26.4 ± 2.3 (21.5-29.0)
Anterior to testis 260 ± 48.0 (196-305) 242 ± 13.0 (229-309) 267 ± 43.8 (188-314) 286 ± 45.7 (244-400)
Tail length 9.8 ± 1.4 (8.5-12.0) 9.3 ± 1.8 (6.5-11.0) 10.8 ± 2.3 (7.0-13.5) 12.2 ± 1.8 (11-15)
Cuticle at tail tip 2.4 ± 0.7 (1.8-3.5) 1.0 ± 0.4 (1.0-2.0) 2.3 ± 0.5 (1.5-3.0) 4.7 ± 1.2 (3.0-6.5)
Number SP 3 3 3 3
Number CP 0 0 0 1
Testis length 200 ± 38.3 (151-263) 174 ± 32.4 (128-228) 214 ± 17.6 (198-234) 210 ± 39.8 (154-247)
Germinal zone length 68 ± 16.2 (49-96) – 82 ± 25 (60-118) 79 ± 18 (60-104)
L/spicule length 16.9 ± 2.1 (13.7-18.0) 18.1 ± 1.6 (16.1-21.0) 16.7 ± 1.0 (15.6-17.9) 15.5 ± 1.5 (13.3-18.4)
L/onchiostyle 12.7 ± 1.7 (10.1-14.4) 13.8 ± 1.3 (13.0-16.7) 11.1 ± 0.8 (10.4-12.1) 11.2 ± 1.1 (9.3-13.2)
Dorsal nucleus to pharynx base 22.3 ± 4.0 (18-28) 15.5 ± 2.2 (13.0-20.0) 19.5 ± 9.4 (5.5-31) 20.5 ± 3.0 (17-25)
Posterior ventrosublateral

nucleus to pharynx base
16.6 ± 4.9 (11.5-22) 15.2 ± 1.8 (12.5-19.0) 20.8 ± 4.9 (15.0-28.0) 23.9 ± 2.2 (19-26.5)

Bell (1978) provided a microphotograph (Fig. 4E) of the
vagina of a paratype female of T. obscurus. The stud-
ied specimens largely agreed with the original descrip-
tion of T. obscurus. In addition, some small differences
were noted between the populations studied. For exam-
ple, specimens from sample CD825 had a slightly larger
mean body length (average 918 vs 827 and 806 μm in

male in CD1788 and CD1022, respectively), a clearly
longer onchiostyle length in male (average 82.8 vs 64.7 or
58.5 μm in male in CD1788 and CD1022 resp. and 79.7
vs 66.5 and 61.3 μm in female in CD1788 and CD1022,
respectively) and a slightly longer spicule length (average
54.9 vs 48.8 and 45.7 μm in CD1788 and CD1022, re-
spectively). Females from sample CD1022 show slightly
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Table 6. Morphometric data of fixed female specimens of Trichodorus obscurus and T. californicus. All measurements are in μm and
in the form mean ± s.d. (range). Abbreviations as defined in Table 1.

Character T. obscurus T. californicus

CD1788 sample CD1022 sample CD825 sample CD803 sample

n 6 6 6 10
L 863 ± 90.7 (780-1026) 818 ± 52.5 (753-875) 890 ± 48.6 (830-948) 834 ± 42.0 (772-890)
a 18.2 ± 1.9 15.6-20.5) 22.4 (18.4-25.6) (n = 4) 18.1 ± 2.2 (15.7-21.6) 15.9 ± 1.5 (13.1-18.6)
b 4.6 ± 0.3 (4.3-5.2) 4.9 (4.7-5.1) (n = 4) 4.1 ± 0.3 (3.7-4.6) 3.9 ± 0.2 (3.6-4.2)
V 57.2 ± 1.2 (55.9-58.7) 57.6 (56.7-59.0) (n = 4) 59.8 ± 2.0 (57.5-63.2) 59.4 ± 2.3 (56.0-63.3)
G1 8.8 ± 3.3 (5.4-15.0) 29.9 (26.6-33.1) (n = 4) 33.2 ± 3.6 (27.3-36.1) 30.4 ± 3.1 (24.2-34.1)
G2 27.3 ± 5.6 (19.7-34.4) 28.2 (20.9-34.1) (n = 4) 33.6 ± 5.7 (27.2-41.4) 27.7 ± 2.3 (24.4-30.2)
Onchium 33 ± 7.7 (32-36) 29 (27-33) (n = 4) 39 ± 1.4 (38-41) 39 ± 2.4 (36-43)
Onchiostyle 66 ± 2.7 (64-71) 61 ± 2.4 (60-66) 80 ± 3.8 (75-86) 77 ± 2.5 (75-83)
Pharynx length (along lumen) 189 ± 9.6 (177-201) 168 ± 5.1 (159-173) 214 ± 15.6 (198-235) 212 ± 14.5 (199-247)
Pharyngostome 77 ± 2.4 (74-79) 71 ± 2.9 (67-74) 91 ± 5.3 (84-100) 89 ± 3.1 (87-95)
Anterior to nerve ring 82 ± 5.7 (75-88) 82 ± 8.8 (73-95) 106 (n = 1) 101 ± 5.2 (93-108)
Anterior to SE-P 126 ± 5.6 (119-132) 114 ± 12.9 (105-130) 136 ± 10.9 (118-146) 133 ± 12.9 (106-146)
Anterior to guiding ring 30 ± 1.5 (29-33) 28 ± 0.8 (27-29) 35 ± 2.1 (32-38) 35 ± 2.0 (33-38.5)
Pharyngeal bulb (length) 60 ± 6.8 (57-71) 50 ± 6.7 (41-57) 62 (57-74) (n = 4) 65 ± 11.2 (51-90)
Pharyngeal bulb (diam.) 22.2 ± 3.2 (20-28.5) 16.1 ± 2.0 (14-19) 23.7 (21.5-25.5) (n = 4) 24.9 ± 2.5 (22-31)
mbd (cardia) 43.2 ± 4.3 (39-51) 33.5 ± 1.4 (32-35) 43.6 ± 2.3 (42-48) 48.6 ± 6.6 (38-55)
mbd (mid-body) 48.2 ± 4.5 (43-55) 37.8 ± 2.6 (34-41) 49.7 ± 3.8 (43-54) 52.9 ± 4.7 (46-61)
Anterior ovary length 76 ± 31.4 (42-137) 74 ± 22.0 (51-105) 95 ± 14.8 (75-110) 63 ± 12.7 (51-91)
Anterior branch length 260 ± 61.5 (191-375) 243 ± 30.0 (212-290) 292 ± 22.0 (259-314) 252 ± 27.7 (193-291)
Posterior ovary length 64 ± 20.3 (51-97) 74 ± 25.6 (45-113) 93 ± 28.6 (59-144) 54 ± 10.5 (35-68)
Posterior branch length 231 ± 43.9 (202-304) 212 ± 60.4 (122-298) 299 ± 54.2 (226-385) 230 ± 26.1 (193-256)
Distance anterior to vulva 494 ± 58.6 (453-602) 475 ± 30.2 (444-519) 531 ± 17.9 (511-555) 495 ± 27.3 (447-526)
Vagina length 19.7 ± 2.0 (17-22) 17.6 ± 2.6 (16-22) 21.8 ± 2.1 (20-25) 22.6 ± 2.7 (19-28)
Vaginal sclerotised pieces length 4.6 ± 0.5 (4.0-5.0) 3.0 ± 0.6 (2.5-4.0) 4.2 ± 1.1 (3.5-5.0) 4.4 ± 0.6 (3.6-5.4)
Distance between sclerotised

pieces
0.5 ± 0.3 (0.0-0.7) <1 1.4 ± 0.2 (1.0-1.5) 1.5 ± 0.4 (1.4-2.0)

Distance postadvulvar body pore
from vulva

6.6 ± 4.0 (1.5-10.0) 6.5 (4.5-8.5) (n = 3) 11.0 (0.0-18.0) (n = 4) 9.1 ± 6.7 (2.0-23.0)

Vagina as % of mbd 40.9 ± 2.1 (38.5-44.0) 55.5 (53.6; 57.3) (n = 2) 44.1 ± 4.8 (37.0-49.0) 42.6 ± 4.3 (40.7-50.0)
L/onchiostyle 13.2 ± 1.7 (11.8-16.0) 13.3 ± 0.9 (12.1-14.6) 11.2 ± 0.5 (10.3-11.81) 12.4 ± 4.8 (9.51-26.0)
Dorsal nucleus to pharynx base 22.5 ± 2.6 (19-24) 17.0 ± 2.8 (13-20) 19.5 (14-22) (n = 4) 25.9 ± 5.0 (19-34)
Posterior ventrosublateral

nucleus to pharynx base
19.3 ± 1.5 (18-21) 14.8 ± 2.9 (11-19) 20.7 (19-22) (n = 5) 23.7 ± 4.2 (20-34)

shorter sclerotised pieces (2.5-4.0 vs 3.5-5.0 μm) with-

out an inner indentation (Figs G-J), and the length of

the vagina as a percentage of the corresponding body

diam. was greater (55.5 vs 40.9 or 44.1% in CD1788 and

CD825, respectively). The vulval lips were slightly to ob-

viously protruding in the presence of a large egg at the

ovejector. The terminal cuticle of the tail was not thick-

ened compared to slightly thickened in both other sam-

ples.

Codes for male (sample CD1788) follow: A223, B32,

C22, D0, E0, F3, G2, H3, I1, J2, K2, L1, M2, N1, O3,

P2. For sample CD1022, idem but A222, B22; for sample

CD825 idem but A222, B33. Codes for female (sample

CD1788) follow: A223, B333, C1, D1, E3, F1, G?, H1,

I222, J6, K45, L?, M21, N1, O1, P6, Q1, R1, S3, T1.

For sample CD1022 idem, but A222, B323, I444, J1 (6),

K34); for sample CD825 idem but A222, B334, I212, J6,

K45, L2, M2.
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NOTES

Allen (1957) redescribed T. obtusus Cobb, 1913 based
on the specimens collected by Thorne in 1931 from
the type locality in Virginia as T. obscurus, because the
specimens described by Thorne (1939) as T. obtusus
and, considered by Thorne as a junior synonym of T.
primitivus in agreement with Micoletzky (1922), appeared
to be different from both T. obtusus and T. primitivus.
This conclusion was further supported by additional
information given by Thorne (1974). Thorne (1974)
considered his “T. obtusus” (now T. obscurus) to be
close to the T. proximus described by Allen (1957) from
Florida. The main differentiating diagnostic features of T.
obscurus in male are the absence of CP and the position of
the two posteriormost precloacal supplements, with SP2
at the level of the spicule head. Trichodorus obscurus
was compared with T. proximus and T. californicus males,
which possess a single CP; T. proximus also differs by
all precloacal supplements being well anterior to the
retracted spicules and a larger average body size than
in T. obscurus (1120 (920-1320) μm (n = 5) vs 865
(670-1040) μm (n = 7)); both features are similar to those
in T. californicus.

Allen (1957) could not distinguish T. obscurus fe-
males from T. californicus females. Trichodorus prox-
imus females differ from T. californicus by the larger
size and shape of the vaginal sclerotised pieces and the
presence of a sublateral body pore well anterior (three
body diam.) to the vulva vs absent in T. californicus.
Hunt (1993) considered T. obtusus as a species inquiren-
dae. Decraemer (1995), based on morphological fea-
tures, proposed to synonymise T. proximus with T. ob-
tusus because the differences between the species, i.e.,
in onchiostyle length and presence/absence of postadvul-
var body pore are inconsequential and, in addition, both
species had a similar spicule shape and arrangement of
the precloacal supplements. However, only sequence data
from topotypes might clarify the taxonomic position of
these species.

Trichodorus obscurus males differ from all other
species of Clade III by the absence of CP. In female,
species differentiation is difficult. T. obscurus females
have a shorter onchiostyle than T. californicus, but the size
of the vaginal sclerotised pieces is similar.

In the present survey, an unidentified Trichodorus,
Trichodorus sp. 11, was found in Oregon and Washington
states and this species is phylogenetically related to T.
obscurus in the D2-D3 of 28S rRNA and ITS2 rRNA gene
trees.

Trichodorus californicus Allen, 1957
(Fig. 9)

MEASUREMENTS

See Tables 5, 6.

DESCRIPTION

Male

Body medium-sized and J-shaped with a short (less
than 0.5 anal body diam. or 0.46 ± 0.05 μm long) bluntly
rounded tail. Cuticle slightly to moderately swollen
(4 μm) upon fixation; slightly swollen at tail tip, aver-
age 4.7 μm thick. Lip region rounded, anterior sensilla
arranged in an anterior circle of six hardly visible in-
ner labial sensilla and an outer circle of 10 papilla (six
outer labial and four cephalic). Amphids with slit-like
opening just posterior to lip region and funnel-shaped
fovea. Cheilostome with strengthening rods, 6 μm (aver-
age) long and guiding ring at 35 μm (average) from ante-
rior end. Pharyngostome with slight ventrally curved on-
chiostyle, 76.5 μm on average, with onchium about half
as long. Slender mid-part of pharynx gradually widening
to a glandular bulb 61.5 × 23 μm (average) in size, and
surrounded by nerve ring shortly posterior to pharyngos-
tome. Pharyngeal bulb with three of the five gland nuclei
clearly visible, dorsal gland nucleus located at about same
level of posterior ventrosublateral pair, i.e., at posterior
half of bulb, pharyngeal bulb offset, cardia hardly devel-
oped. One CP slightly (9.5 μm average) anterior to SE-P,
located at level of anterior region of bulb. Lateral cervi-
cal pore along isthmus, at level of CP or varying between
31 μm anterior to 47 μm posterior to CP. Reproductive
system monorchic, with long germinal zone (80 μm av-
erage) and long vesicula seminalis, packed with sperm,
each with a rounded nucleus. Spicules 55 μm long (aver-
age), slightly ventrally curved or only manubrium slight
ventrally bend, manubrium with a marked subterminal
portion, blade mainly cylindrical, with striation more or
less obvious (apparently influenced by fixation) and fine
bristle-like structures visible at level of spicular pouch in
some specimens, distal end of spicule bifid due to short
septum. Gubernaculum parallel to spicules, its distal end
thickened, keel-like, its proximal end thin, reaching pos-
terior border of a well-developed capsule of suspensor
muscles. Copulatory muscles extending about one spicule
length anterior to retracted spicules. Three precloacal sup-
plements, posteriormost closely anterior (12 μm) to cloa-
cal opening, second precloacal supplement in general an-
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Fig. 9. LM of Trichodorus californicus Allen, 1957. Females. A-E: Variation of vagina, sclerotised pieces and vulva (protruding or
not); I: Tail region with arrow indicating caudal pore. Males. J: Pharyngeal region; K, L, N-P: Tail region with copulatory apparatus
with indication of precloacal (SP) and postcloacal supplements (PSP), arrow points to caudal pore; M: Germinal zone testis. (Scale
bar = 10 μm.) Abbreviations: CP = cervical papilla; EP = secretory-excretory pore; PSP = postcloacal supplement; SP = precloacal
supplement.
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terior to retracted spicules. One pair of postcloacal sup-
plements just posterior to cloacal opening and a pair of
caudal pores (sub)terminal on tail.

Female

Body straight to slightly ventrally curved, tail minute,
anus (sub)terminal. Largely similar to male for most
characteristics except for reproductive system and sec-
ondary sexual features. Reproductive system didelphic-
amphidelphic, ovaries reflexed, two granular oviduct cells
located between tip of reflexed ovary and uterus part
functioning as spermatheca and marked by presence
of sperm. Vagina elongate pear-shaped (42.5% of cor-
responding body diam., average), surrounded by well-
developed sphincter muscles and provided with well de-
veloped (4.42 μm average) more or less triangular vaginal
sclerotised pieces with longest side parallel to longitudinal
body axis and showing some indentation, pieces slightly
variable in optical section. Vulva non-protruding or with
slight to pronounced protrusion, in latter condition sclero-
tised pieces becoming parallel to vaginal lumen. One pair
of post-advulval sublateral body pores, 9.06 μm (average)
from vulva.

MATERIAL

The current material was recovered from soil sample
CD803, collected from Sonoma County Guerneville, CA,
USA, in association with redwood.

NOTES

Originally, the type locality/host was indicated as Mor-
aga Ridge, Contra Costa County, California, Pinus atten-
uate Lemmon, 1892 with the following type specimens:
a holotype male and four male paratypes, an ‘allotype’
female and four female paratypes. Other localities and
hosts mentioned by Allen (1957) from California were:
associated with Mesembryanthenum; soil at roots of oak,
Bolinas Bay, with redwood, Garberville and Richardson’s
Grove, with Bay tree, Orinda and Jenner, and with wil-
low, Loomis. He also identified the species from Col-
orado, where it was associated with coniferous trees at
Echo Lake.

The original morphometric data were given for 13 fe-
males and 11 males without indication of their location of
origin. The body length range in male was 670-1060 μm
and 1060 μm for the holotype; in female, the range was
790-1250 μm with the ‘allotype’ 1010 μm long. The un-
usual wide range of onchiostyle length: 54-82 μm in male

with holotype 82 μm and 55-80 μm in female with ‘allo-
type’ 79 μm, might point to a possible mixture of species
(Decraemer, 1988).

Bernard (1992a) discussed the biogeographic distri-
bution of the species based on morphological observa-
tions and in view of postglacial events. He reported T.
californicus from South Dakota, Wisconsin, and several
sites in Alaska between the Alaska Range and the Yukon
River and remarked that its occurrence in Florida appears
anomalous (Bernard, 1992a). In the Alaskan male speci-
mens, the spicules possess a longer smooth posterior third
that is often clearly bent ventrally, then recurved dorsally
and the distal end is clearly tapered and provided with a
septum. Spicule striation appeared less dense than that in
a paratype specimen examined. No illustration was pro-
vided of the female vaginal region although considered as
identical to the original description.

Rodriguez-M. & Bell (1978) provided a microphoto-
graph of the vaginal region of a female paratype com-
parable with our studied specimens. Both show a minor
difference with the original drawing of the vaginal region
which has a slight inner indentation.

The identification of T. californicus is difficult to deter-
mine beyond doubt. In the original description, the legend
of the illustrations does not indicate if a drawing repre-
sents the holotype or a paratype, and for measurements,
only the data for the holotype and allotype are given, while
other measurements of the male and female seem to com-
bine specimens from different localities, as no data are
given for paratypes. This could explain the wide range re-
ported for the onchiostyle and spicule length. Further, we
do not have topotype specimens and there are no molecu-
lar data. Apparently, Allen (1957) also considered speci-
mens from other localities studied at the same time as be-
longing to the type series. This is illustrated for T. aequalis
where the type locality is Mt Diablo, California, and the
type host, toyon. Loof (1973) re-examined the holotype as
well as four males and females from the Orinda popula-
tions and referred to them as paratypes, Orinda being one
of the several other localities mentioned by Allen (1957).

To complicate matters further, trichodorids often occur
with more than one species in a sample, which makes
their identification more difficult, especially when dealing
with cryptic species. This may also hamper molecular
analysis based on a more restricted number of specimens
compared with a morphological approach and so miss
possible cryptic species.
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MOLECULAR CHARACTERISATION AND

PHYLOGENETIC RELATIONSHIPS WITHIN

CALIFORNIAN Trichodorus AND DISCUSSION

The phylogenetic relationships of stubby root nema-
todes found in California, including all species morpho-
logically characterised in the present study and recon-
structed using the D2-D3 of 28S rRNA gene sequences,
were recently published by Subbotin et al. (2020). Sub-
botin et al. (2020) showed that Californian Trichodorus
were distributed in the subclade A of Clade I and Clade
III. Only representatives of these two clades were used for
the ITS2 rRNA gene phylogenetic analysis in this study.

The ITS2 rRNA gene sequences for Trichodorus from
Clade I

The alignment included 12 ITS2 gene sequences of Tri-
chodorus and was 959 bp in length. Phylogenetic rela-
tionships between the species are given in Figure 10. Tri-
chodorus pseudoaequalis n. sp. has a sister relationship
with the clade including Trichodorus sp. 3 and sp. 2 in

this tree. Intraspecific variation for T. pseudoaequalis n.
sp. was 0.8% (6 bp) and this species differed from Tri-
chodorus sp. 3 in 15% (97-99 bp) and from Trichodorus
sp. 2 in 17% (121-123 bp).

The ITS2 rRNA gene sequences for Trichodorus from
Clade III

The alignment included 19 ITS2 gene sequences of
Trichodorus and was 767 bp in length. Phylogenetic
relationships between the species of this clade are given
in Figure 11. Trichodorus obscurus and Trichodorus sp.
11 (Oregon, Washington), T. californicus and Trichodorus
sp. 12 (Oregon) have sister relationships, respectively.
Relationships between Trichodorus sp. 7, sp. 8 and sp. 9
were unresolved.

The D2-D3 of 28S rRNA gene sequences for Trichodorus
from Clade III

The alignment included 26 28S rRNA gene sequences
of Trichodorus and was 778 bp in length. Phylogenetic

Fig. 10. Phylogenetic relationships within Trichodorus belonging to subclade A of Clade I and other related species (Subbotin et al.,
2020) as inferred from Bayesian analysis using the ITS2 rRNA gene sequences 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.
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Fig. 11. Phylogenetic relationships within Trichodorus belonging to Clade III (Subbotin et al., 2020) as inferred from Bayesian analysis
using the ITS2 rRNA gene sequences 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.

relationships between the species of this clade are given
in Figure 12.

The phylogenetic trees obtained from the D2-D3 of
28S rRNA and ITS2 rRNA gene sequence datasets are
generally congruent, although some discordance was
observed in the position of some species. For example,
T. pseudoaequalis n. sp. has sister relationships with
Trichodorus sp. 2 in the D2-D3 of 28S rRNA gene tree
(Subbotin et al., 2020), but with the clade of Trichodorus

sp. 2 and sp. 3 in the ITS2 rRNA gene tree (present
study), T. californicus forms a highly supported clade
with Trichodorus sp. 12 in the ITS2 rRNA gene tree and
shows unresolved relationships with other trichodorids in
the D2-D3 of 28S rRNA gene tree.

The present study revealed two unidentified and puta-
tive new species of Trichodorus collected in Oregon and
Washington states: Trichodorus sp. 11 and sp. 12, which
clustered together with Californian trichodorids in Clade
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Fig. 12. Phylogenetic relationships within Trichodorus belonging to Clade III (Subbotin et al., 2020) as inferred from Bayesian analysis
using the D2-D3 of rRNA gene sequences under the GTR + I + G model. Posterior probabilities more than 70% is given for appropriate
clades. New sequences obtained in the present study are indicated in bold.
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III. It has been proposed that species of this clade may be
endemic and originated and diversified in the California
Floristic Province, which is considered one of the world’s
36 most biologically rich and endangered terrestrial ecore-
gions (Subbotin et al., 2020).
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