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Introduction
Species of the families Aporcelaimidae, 
Paraxonchidae, Qudsianematidae and Dorylaimidae 
have been reported from different natural and agri-
cultural habitats in Bulgaria (Table 1) but few studies 
focus on the morphology of the studied specimens 
(Ilieva 1991, Ilieva & Eliava 1993, Nedelchev et al. 
2014). During a study on plant parasitic nematodes 
in a raspberry plantation in Plovdiv several species 
of the families were identified. 

The objectives of the present study were to 
contribute new data on morphology of the record-
ed populations of Aporcelaimidae, Paraxonchidae, 
Qudsianematidae and Dorylaimidae and to analyse 
species distribution, abundance and occurrence. 

Material and Methods
The study site was an experimental area of the 
Fruit Growing Institute, Plovdiv (42o06’49.4N, 
24o43’32.5E, 132 m a.s.l.) in an eleven-year-old rasp-

berry plantation (‘Lyulin’ primocane-fruiting culti-
var) on a 400 m2 plot. It was sampled on the 4th of 
November, 2009. The soil type was Fluvisol. The soil 
had a layered structure with a more compact upper lay-
er, one permeable layer at 60-70 cm depth and an un-
derlying layer of low permeability at 90-105 cm. Soil 
bulk density varied from 1.45 to 1.66 mg/m3. The soil 
pH was about 7.3 in the 0-25 cm horizon (Koumanov 
et al. 2009). The area was watered using a drip irriga-
tion system. Several herbicides were applied annually 
after tillage in March as follows: pendimethalin, me-
tolachlor and oxadiargyl in 2002-2004, respectively; 
napropamid, dichlobenil, oxyfluorofen in 2005-2007 
and flumioxasin and combined oxyfluorfen + meto-
lachlor in 2009-2010 (Rankova & Kumanov 2004, 
Koumanov et al. 2009; Rankova et al. 2014). 

Twenty-eight bulk samples were collected at 
depths from 0 to 30 cm with an auger 30 mm wide. 
Each bulk sample was composed of ten cores taken 
in a zigzag pattern along the plant rows. After careful 
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homogenization а subsample of 100 g was processed 
from each sample. Extraction was performed with an 
Oostenbrink elutriator. The isolated nematodes were 
counted under inverted microscope IX Olympus, 
gently heated at 55°С for 3 minutes, fixed with 4% 
formaldehyde and transferred in anhydrous glycerin 
using the method of Seinhorst (1959). The mounted 
specimens were measured, photos were taken under 
DIC microscope Olympus BX60 with digital cam-
era DP70 and specialised software Imaging System 
cell^B (Olympus).

Results and Discussion
Eleven species of the four studied families were 
identified in the present study. All previous records 
in Bulgaria are presented in Table 1.

Family Aporcelaimidae Heyns, 1965
This family was represented by three species in the 
studied area. 

Aporcella simplex (Thorne et Swanger, 1936) 
Álvarez-Ortega, Subbotin et Peña-Santiago, 2013
Tables 1, 2 and 5, Fig. 1

Description: Female: Moderately slender body 
slightly curved ventrally upon fixation. Cuticle very 
finely striated and three-layered, 3.5 – 4 μm tick in 
anterior region, 3.0 - 5.0 μm tick in mid-body and 14 
– 17 µm tick on caudal tip. Cervical lacunae absent. 
Eight to 13 dorsal and ventral cuticle pores visible 
in pharyngeal region (3 – 6 to the level of excretory 
pore, 5 – 7 pores after level of excretory pore on both 
sites). Lip region offset by expansion, 7 µm high 
in all measured specimens, 3.0-3.3 times as broad 
as high and 24-37% of body diameter at neck base. 
Lips somewhat flat frontally. Amphid fovea funnel-
shaped, with aperture about a half (43 – 54%) of lip 
region diameter. Odontostyle short and strongly cu-
ticularised, 3.3-4.4 times as long as wide, 0.9 - 1.2 
times as long as lip region diameter and 1.0 – 1.2% of 
body length. Aperture 60 – 73% of odontostyle length. 
Guiding ring plicate at 8.3 – 10 μm from anterior end. 
Odontophore rod-like and 1.5 – 2.1 of odontostyle 
length. Excretory pore about the level of nerve ring 
or at 194 – 217 μm from anterior end. Anterior region 
of pharynx enlarging gradually and basal expansion 
47 – 55% of neck length. Cardia broad conoid em-
bedded in intestinal tissue. More or less prominent 
discoid structure observed in most of specimens. 
Female genital system amphidelphic with equally 
developed branches, anterior 10-12% of body length 
and posterior 10-11% of body length. Its structure as 
described by Álvarez-Ortega et al. (2013) but rather 

weak constrictions than clear sphincters visible be-
tween different parts. Two specimens with four syn-
chronic eggs and another three with one egg. Eggs 
oval 67 – 82 x 45 – 57 μm. Vagina extended 20 – 23 
μm or 26 – 34% of body diameter. Pars proximalis 
14 – 22 μm long and 15 – 20 μm wide, with paral-
lel to slightly oval walls. Pars distalis 4.0 – 5.5 μm 
long. Pars refringens absent. Vulva post-equatorial. 
Prerectum 1.9 – 2.9 anal body diameters long and 
rectum 0.8 – 1.4. Tail straight ventrally and convex 
dorsally with finely rounded terminus and hyaline 
portion on the tip. Two pairs of pores on the tail. 

Males not found and sperm not observed in fe-
males.

Remarks: Specimens identified in the present 
study were generally similar to the description of 
populations from natural areas in the south-eastern 
Iberian Peninsula (Álvarez-Ortega et al. 2013). 
They differed from that population by a smaller od-
ontostyle aperture (60-73% vs 74-80%) and the form 
of pars proximalis: the parallel contour of outer walls 
vs sigmoid in Iberian populations. Nevertheless, we 
considered this population as A. simplex. 

Distribution: In Europe, the species has been 
reported from agricultural and natural habitats in 
Austria, France, Italy, Poland and Spain (Álvarez-
Ortega et al. 2013). Although A. simplex is widely 
distributed species in the Holarctic area (Álvarez-
Ortega & Peña-Santiago 2010), the present record 
was the second one for Bulgaria (Table 1) and the 
first for the Thrace Valley. 

Aporcelaimellus obtusicaudatus (Bastian, 1865) 
Altherr, 1968
Tables 1, 2 and 5

Remarks: The isolated specimens resembled 
the population of Cañada de las Ánimas, Sierra de 
las Nieves, Ronda from the Province of Malaga, 
Spain (Álvarez-Ortega & Peña-Santiago 2012). 

Distribution: Frequently reported throughout 
Bulgaria in a variety of habitats, both managed and 
natural (Table 1). Although few old works gave some 
morphological data (Andrassy 1958; Katalan-
Gateva 1966), no permanent slides were available 
for the most of articles. Records in those regions 
should be confirmed by contemporary research. 

Арorcelaimus cf americanus Thorne et Swanger, 
1936
Tables 1, 2 and 5, Fig. 2

Description: Females: Large-sized nematodes 
with moderately slender body curved ventrally upon 
fixation. Cuticle three-layered, 6 – 7 μm tick in mid-
body and 15.5 – 17 µm on caudal tip. Cervical lacu-
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nae present at odontophore level and 14 – 17 μm tick. 
Nineteen ventral and dorsal cuticle pores visible in 
pharyngeal region (two to the level of odontophore, 
five pores to the level of nerve ring and 12 after nerve 
ring on both sites but not symmetrically situated). 
Lip region offset by constriction, 7.5 µm high, 3.9 
– 4 times as broad as high and 19% of body diam-
eter at neck base. Lips look somewhat amalgamated. 
Amphid fovea wide goblet shaped with hardly vis-
ible median rib. Aperture 45% of lip region diameter. 

Odontostyle short and strongly cuticularised, 4.0 – 4.5 
times as long as wide, as long as lip region diameter 
and 0.4 – 0.5% of body length. Aperture occupies 64 
– 70% of odontostyle length. Guiding ring plicate at 
11.5 – 12.5 μm from anterior end. Odontophore rod-
like and 1.8 – 2.0 of odontostyle length. Excretory 
pore well before the level of nerve ring or at 219 – 
228 μm from anterior end. Nerve ring at 245 – 263 
μm from anterior end. Pharynx enlarges gradually 
and basal expansion 66 – 71% of neck length. Cardia 

Fig. 1. Aporcella simplex – a. Lip region; b. Amphidial fovea; c., d. and e. Variation of vagina shape; f. Four synchronal 
eggs in genital tract; g., h. and i. Variation of tail shape (scale 20 µm – a, b, c, d, e, g, h and i; scale 200 µm – f)
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broadly conoid 28 x 68 μm, embedded in intestinal 
tissue. Thin disk about 12 μm thick visible between 
pharynx and cardia. Female genital system didelphic-
amphidelphic but gut in both specimens was full 
with compact matter and no uterus neither posterior 
branch was well visible. Anterior gonad 250 μm or 
3.3% of body length. Ovarium 69 μm long, starting 
with germinal end of ovarium – 11 μm, followed by 
part of narrow unicellular rows – 22 μm, wider part of 
eight longitudinal cells with big nuclei - 20 μm long 
and part where eggs ripen – 16 μm. Oviduct narrow 
46 μm long with junction between two last parts of 
ovarium. Pars dilatata with shape of truncated cone, 
about 70 μm long. Uterus 127 μm long but no clear 
structure visible. Vagina extended 80 μm or 46% of 
body diameter. Pars proximalis 56 μm long and 50 
μm wide, with almost parallel tick walls surrounded 
by strong musculature. Pars refringens trapezoid dis-
tally convex rounded and proximally more angular 
22 x 40 μm. They look like formed by four pieces 
with a small proximal cleft in each semi part. Pars 
distalis 4.0 μm long. Two big excretory cells visible 
on both sites of vagina. One to three subventral cu-
ticular pores before and two or three after vulva slit. 
Vulva equatorial with longitudinal slit well visible in 
one of the specimens. Prerectum 1.9 – 2.1 anal body 
diameters long and rectum 0.5. Tail broadly convex 
conoid with minute button-like protrusion on the tip. 
Two pairs of pores on the tail. 

Males not found.
Remarks: The recovered specimens were 

characterised by the form of pars refringens, longi-
tudinal vulva slit and shorter tail with specific shape. 
The most important differences with specimens de-
scribed from Hungary (Andrássy 2000) were con-
nected with structure of vulva and vagina. Andrássy 
(2000) described transverse vulva with heart-shaped 
pars refringens based on three specimens. Similar 
shape of pars refringens we found in the photos of 
Peter Mullin of the specimen RMNP SS-01 from the 
Rocky Mountain National Park, Colorado. Since 
there have been no male specimens isolated and no 
morphological data is available from other records 
of the species in Europe, we considered the species 
to be A. cf americanus. 

Distribution: Rare in Europe, recorded in 
France, Hungary, the Netherlands and Poland 
(Andrássy 2000). This is the first record of the spe-
cies on the Balkan Peninsula. 

Family Paraxonchiidae Dhanachand et 
Jairajpuri, 1981 
This family was presented by one species in the 
studied area.

Paraxonchium laetificans (Andrássy, 1956) 
Altherr et Loof, 1969
Tables 1, 2 and 5, Fig. 3

Description: Female: Body straight upon fixa-
tion often turned laterally; stout but tapering signifi-
cantly in the neck region. Cuticle 1-2 μm thick at the 
level of odontophore, respectively 3 – 5 μm in mid-
body and 15 – 25 μm on caudal tip with clearly visible 
three layers. Dorsal pores 12-16, mostly in pharynge-
al region. Ventral pores 69 – 84 distributed as follows 
(e.g. 19 – 29 at pharyngeal region; 17 – 27 at cardia – 
vulva region and 23 – 29 at vulva – anus region). Lip 
region offset by deep constriction, 4 – 5.5 µm high, 1.8 
– 2.5 times as broad as high and 16 – 19% of body di-
ameter at neck base. Labial papillae elevated. Amphid 
fovea shaped as shallow cup with aperture 38 – 40% 
of lip region diameter. Odontostyle short and cuticu-
larised, 4.0 – 5.0 times as long as wide, 0.6-0.9 times 
as long as lip region diameter and 0.8 – 1.1% of body 
length. Aperture occupies 53 – 67% of odontostyle 
length. Guiding ring not well visible. Odontophore 
long but posterior end unclear. Excretory pore at or 
after the level of nerve ring or 100 – 160 μm from an-
terior end. Nerve ring at 100 – 138 μm from anterior 
end. Pharynx enlarges gradually and basal expansion 
48 – 55% of neck length. Three cardial glands vis-
ible in pharyngial-intestinal junction. Cardia elongate 
conoid embedded in intestinal tissue. Female genital 
system didelphic-amphidelphic. Anterior and poste-
rior gonads on different sides of intestine but in two 
specimens at the same side. Structure as described by 
Heyns (1988). We add some data on vaginal structure 
of our population: Vagina extended 21 – 28 μm or 36 
– 46% of body diameter. Pars proximalis 16 – 23 μm 
long and 14 – 19 μm wide, with oval to sigmoid walls 
surrounded by musculature. Pars refringens rounded 
trapezoid shaped, 4 – 5 x 8 – 13 μm. Pars distalis 3.0 
– 4.0 μm long. Vulva equatorial with cross-like slit. 
Prerectum 1.6 – 3.1 anal body diameters long and rec-
tum 0.8 – 1.2. Tail varies in shape from convex conoid 
to slightly subdigitate. Two pairs of subdorsal pores 
and a dorsal pore on the tail. 

Males not found but sperms observed in females.
Remarks: Our population did not differ sig-

nificantly from those of Heyns (1988) but slight-
ly longer odontostyle in some specimens were 
observed (11 – 15 μm vs 10 – 13 μm in Heyns).

Distribution: Distributed in Europe (the Czech 
Republic, Estonia, France, Germany, Hungary, 
Italy, Moldova, the Netherlands, Poland, Romania, 
Russia, Slovakia, Slovenia, Switzerland, Ukraine), 
North America (USA) and Asia (Iran, Iraq; Heyns 
1988, Bushmakiu et al. 2000, Čerevková 2006, 
Baniyamuddin et al. 2010, Tabolin 2014). Species 
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Fig. 2. Aporcelaimus cf. americanus – a. Lip region; b. Amphidial fovea; c. Guiding ring; d. Pharyngeal cardia; e. Vagina; f. 
Pars refringens; g. Subventral position of vulva; h. Sphincter between pars dilatata and uterus; i. Anterior ovarium; j. Tail 
region; k. Tail; l. Chord; m. – Caudal pores (scale 20 µm – a, b, f, g, h and m; scale 200 µm – d and j; scale 100 µm – e and i)

is not very common in Bulgaria (Table 1) and it 
has been found only in natural habitats in moun-
tain area till now. The present record was the first 
for the Thrace Valley region.

Family Qudsianematidae Jairajpuri, 1965 
This family was represented by five species in the 
studied area. 
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Fig. 3. Paraxonchium laetificans – a. Neck; b. Lip region; c. Amphidial fovea; d. Lip region - lateral view; e. Pharyngeal 
cardia; f. Vagina; g. Vulva - lateral view; h. Anterior gonad; i. g. and k. Variations of tail shape; l. Lateral view of tail; m. 
Tail region and prerectum (scale 20 µm – b, c, d, e, f, g, i, j, k, and m; scale 100 µm – a, h and m)

*Discolaimus agricolus Sauer et Annells, 1985
Tables 1, 3 and 5, Fig. 4

Description: Female: Medium-sized nem-
atodes with moderately stout body slightly to 
C-curved ventrally upon fixation. Cuticle finely an-

nulated, 1 – 2 μm tick at odontophore region, 2 – 3 
μm tick at mid-body and 5 – 7 µm tick on caudal 
tip. Glandular lateral bodies with lateral pores vis-
ible in most specimens and arranged as follows: at 
pharyngeal area – 14 – 20; between cardia and vulva 
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– 12 – 16 and between vulva and anus – 37 – 44. Lip 
region sucker-like, 5 – 7 µm high, 4.5 – 5.2 times as 
broad as high and 53-65% of body diameter at neck 
base. Amphid fovea goblet shaped with aperture 
about a half of corresponding diameter. Odontostyle 
medium sized, 5.0 – 6.6 times as long as wide, 0.7 
– 1.0 times as long as lip region diameter and 1.3 – 
2.0% of body length. Aperture occupies 46 – 56% 
of odontostyle length. Guiding ring single and 8.2 
– 11.0 μm from anterior end. Odontophore rod-like 
and 1.5 – 2.0 of odontostyle length. Excretory pore 
at 95 – 149 μm from anterior end or before to the 
level of nerve ring. Pharynx enlarges more abruptly 
and basal expansion was 45 – 50% of neck length 
with visible fine sheath. Thin disk about 4-7 μm, 
visible between pharynx and cardia. Cardia wider 
or elongated tongue-like 20-22 x 15-20 μm. Female 
genital system didelphic-amphidelphic with struc-
ture as described by Peña-Santiago et al. (2002). 
Prerectum 0.9 – 1.6 anal body diameters long and 
rectum 0.6 – 1. Tail convex conoid with wide blunt 
tip. Two pairs of pores on the tail. 

Males not found and sperms not observed in 
females.

Remarks: The morphometrics of studied spec-
imens were generally more similar to the original 
description of Sauer & Annells (1985) than to the 
Spanish material of Peña-Santiago et al. (2002). 
Our population was characterised by a slightly long-
er odontostyle (21 – 25 µm vs 19-23 µm in Spanish 
populations and 21 – 23 µm in Australian popula-
tion) and relatively wider lips (25-29 µm vs 21-26 
µm in Spanish population). Peña-Santiago et al. 
(2002) consider the odontostyle length and lip width 
as the most conservative features of Discolaimus 
but specimens found in the present study assume 
an intermediate position between D. major and D. 
agricolus with respect to these two characters. We 
considered our population as D. agricolus because 
of other described features (stouter and shorter body, 
structure of cuticle, structure of pharynx, form of va-
gina) and because lip width and odontostyle length 
were closer to the range of D. agricolus.

Distribution: Reported in Australia (Sauer & 
Annells 1985), Spain (Peña-Santiago et al. 2002) 
and Iran (Hadi-Alijanvand Fadaei-Tehrani 2013). 
New for the Balkan Peninsula. 

*Discolaimoides bulbiferus (Cobb, 1906) Heyns, 1963
Tables 1, 3 and 5, Fig. 5

Description: Female: Medium-sized nema-
todes with slender body, ventrally C-curved to spi-
ral upon fixation. Cuticle finely annulated, 1 μm tick 
at odontophore region, 1.5 – 2 μm tick at mid-body 

and 6 µm tick on caudal tip. Glandular lateral bod-
ies hardly visible. Lip region set off and slightly ex-
panded, 2.5 µm high, 3 times as broad as high and 36 
– 38% of body diameter at neck base. Amphid fovea 
goblet shaped with aperture about 1.5 times of lip di-
ameter. Odontostyle small, 6.7 – 7.3 times as long as 
wide, 0.8 – 0.9 times as long as lip region diameter 
and 0.6 – 0.7% of body length. Aperture 32 – 35% of 
odontostyle length. Guiding ring single and at 5 μm 
from anterior end. Odontophore rod-like and 0.9 – 
1.0 of odontostyle length. Nerve ring at 32% of neck 
length. Excretory pore at 93 – 127 μm from ante-
rior end before or at the level of nerve ring. Pharynx 
enlarges abruptly and basal expansion 50 – 52% of 
neck. Disk-like structure 3 – 5 μm visible between 
pharynx and cardia. Cardia conoid and 14 μm x 17 
μm. Female genital system didelphic-amphidelphic, 
each gonade about 11 – 12% of body length. Uterus 
about 40 – 50 μm, followed by not very clearly de-
fined pars dilatata about 40 – 55 μm, oviduct 30 – 40 
μm and ovarium 40 – 50 μm. Pars proximalis 13 μm 
long and 11 μm wide, with ovoid walls surrounded 
by weak musculature. Pars refringens absent. Pars 
distalis 1.0 μm long. Prerectum 2.9 – 3.2 anal body 
diameters long and rectum 1.4 – 1.5. Tail convex co-
noid with finely rounded tip and one pair of pores on 
the tail. 

Males were not found.
Remarks: Our specimens did not differ signifi-

cantly from the description of Das et al. (1969).
Distribution: In Africa (Egypt, Ivory Coast, 

Nigeria, South Africa, Mauritius Island), Asia (India, 
Uzbekistan), North America: (USA, Hawaii, Utah), 
South America (Venezuela), Europe (Italy, Moldova, 
Poland, Slovenia, Spain; Heyns 1963, Das et al. 
1969, Andrassy 1990, Peña-Santiago et al. 2005). 
The spread of the species in Romania is doubthfull 
(Fauna Europaea). New for Bulgaria.

Ecumenicus monohystera (de Man, 1880) Thorne, 
1974
Tables 1, 3 and 5

Description: Female: Medium-sized nema-
todes with moderately slender body straight to slight-
ly ventrally curved upon fixation. Cuticle very finely 
annulated, 2 μm tick at odontophore region, 1.5 – 2 
μm at mid-body and 7 – 9.5 µm on caudal tip. Amphid 
aperture on the posterior part of lips about 35 - 40% 
of lip diameter. Lips almost continuous or slightly 
expanded as wide as 31 – 34% of pharyngeal body 
diameter. Odontostyle medium sized, 6.7 – 6.9 times 
as long as wide, 0.9 – 1.0 times as long as lip region 
diameter and 0.8 – 1.1% of body length. Aperture 35 
– 40% of odontostyle length. Guiding ring single at 
5.0 μm from anterior end. Odontophore rod-like and 
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1.8 – 2.3 of odontostyle length. Excretory pore at 144 
– 198 μm from anterior end or after the level of nerve 
ring. Pharynx enlarges more gradually and basal ex-
pansion 41 – 49% of neck length. Cardia small sur-
rounded by intestinal tissue. Thin disk between phar-
ynx and cardia about 2 – 3 μm tick. Female genital 
system monodelphic-opistodelphic with wide simple 
uterus and not clear pars dilatata. Vagina oblique, 43 
– 54% of corresponding diameter. Pars proximalis 

10 – 12 μm long and 16 – 20 μm wide with parallel 
walls surrounded by weak musculature. Pars refrin-
gens large, convex triangle-shaped, 3.5 – 4 long and 
7 – 10 μm wide. Pars distalis 3.0 μm long. Prerectum 
1.2 – 2.2 anal body diameters long and rectum 0.8 – 
1.4. Tail convex conoid with straight ventral site and 
digitated rounded tip. Two pairs of pores on tail. 

Males not found.
Remarks: Our population resembled more 

Fig. 4. Discolaimus agricolus – a. Neck; b. Amphidia; c. and d. Lip region; e. Pharyngeal cardia; f. and g. Vagina; h., 
i. and k. Variations of tail shape (scale 20 µm – b, c, d, e, f, g, h, i and k; scale 100 µm – a)
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those described by Coomans & Gereart (1962) than 
the Seville population described by Peña-Santiago 
& Abolafia (2007). It differed from the Belgium 
population by the narrower lips (9.5 – 10 µm vs. 10.5 
– 12 µm) and from the Spanish by narrower lips (9.5 
– 10 µm vs 10 – 11 µm), more anterior vulva posi-
tion (29 – 34% vs 32 – 39%) and longer tail (32 – 38 
µm vs 27 – 35 µm).

Distribution: Word-wide distribution 
(Andrassy 1991). Common in different soils of nat-
ural and agricultural habitats in our country at eleva-
tion bellow 1800 m a.s.l. (Table 1). 
Eudorylaimus centrocercus (de Man, 1880) 
Andrassy, 1959
Tables 1 and 5

Remarks: There were several juveniles and only 
one female not in a good condition and that was the 
reason not to include its morphometrics in the study. 

Distribution: Widespread in Europe (Andrassy 
1991) and in different habitats in Bulgaria (Table 1) 
and could be regarded as one of the most common 
species of Qudsianematidae in Bulgaria.
*Eudorylaimus subdigitalis Tjepkema, Ferris et 
Ferris, 1971
Tables 3 and 5, Fig. 6

Description: Female: Small- to medium-sized 
nematodes with stout body, slightly ventrally curved 
to straight upon fixation. Cuticle very finely annulat-
ed, 2.7 – 3.5 μm tick at odontophore region, 2.5 – 3.5 
μm at mid-body and 10 – 20 µm on caudal tip. Lips 
angular set off and slightly expanded. Lip region 5.5 
– 6 µm high, 2.5 – 2.8 times as broad as high and 30 
– 41% of body diameter at neck base. Amphid fovea 
cup shaped with aperture about 1.5 times of lip diam-
eter. Odontostyle strongly sclerotised, 5.5 – 6.5 times 
as long as wide, 0.8 – 1.2 times as long as lip region 
diameter and 1.2 – 2.0% of body length. Aperture 40 – 
50% of odontostyle length. Guiding ring single at 8.5 
(7 – 9) μm from anterior end. Odontophore rod-like 
and 1.3 – 1.8 of odontostyle length. Excretory pore 
before or after the level of nerve ring or at 94 – 150 
μm from anterior end. Nerve ring 35 – 38% of neck 
length. Pharynx enlarges gradually and basal expan-
sion extended to 42 – 55% of neck. Cardia conoid and 
20 – 25 μm x 17 – 20 μm. Disk-like structure between 
pharynx and cardia, 3 – 4 μm tick. Female genital 
system didelphic-amphidelphic, each gonad about 18 
– 21% of body length. Uterus about 41 – 53 μm, fol-
lowed by sphincter and oval to elongate pars dilatata 
about 20 – 36 μm, oviduct 38 – 55 μm and ovarium 
80 – 103 μm. Pars proximalis 13 – 16 μm long and 
24 – 26 μm wide, with sigmoid walls surrounded by 
musculature. Pars refringens flattened semicircular 

shaped, 4 – 4.5 μm long and 9 – 10 μm wide. Pars 
distalis 3 – 3.5 μm long. Vulva after mid body length. 
Prerectum 1.3 – 3.2 anal body diameters long and 
rectum 0.9 – 1.3. Tail conoid with more convex dor-
sal part and elongated finely rounded tip more or less 
digitated. Cuticle on tail tip very tick and with layers 
that not closed on the tip and looks like a „duct“. Two 
pairs of pores on the dorsal part of the tail. 

Males not found. 
Remarks: In the intestinal area of one of the 

specimens bacteria-like formations were observed 
(Fig. 6). No external structures were seen. Specimens 
found in the present study did not differ significant-
ly from the original description by Tjepkema et al. 
(1971) but the range of several of observed charac-
ters is expanded and some new data are added. 

Distribution: Not widely distributed, report-
ed from shrub and grasses in Indiana dune sands 
(Tjepkema et al. 1971), cultivated field and sod in 
South Dacota (Thorne, 1974), dune sands in St. 
Rossore, Pisa, Italy (Marinari et al. 1982), from 
the Sierra Mágina Natural Park, Andalucía, Spain 
(Liébanas et al. 2002) and different soils in perennial 
crops in Iran (Hadi-Alijanvand & Fadaei-Tehrani 
2013). First record for the Balkan Peninsula. 

Family Dorylaimidae de Man, 1876 

This family was presented by two species in the 
studied area.

Crassolabium cf cylindricum (Thorne, 1974) 
Peña-Santiago et Ciobanu, 2008

Tables 4 and 5, Fig. 7
Description: Female: Medium-sized nema-

todes with moderately stout body, more open or 
curved C-shape upon fixation. Cuticle finely an-
nulated and 3.5 μm tick at odontophore region, 3.0 
μm at mid-body, with 3 layers at caudal tip and 7 
– 10 µm tick. No specific cell formations on lateral 
chords. Lips hardly set off and not angular. Lip re-
gion 4.5 – 5 µm high, 2.6 – 2.7 times as broad as 
high and 30 – 32% of body diameter at neck base. 
Amphid fovea goblet shaped with aperture about 
2.2 – 2.6 times of lip diameter. Odontostyle relative-
ly short, 2.2 – 2.4 times as long as wide, 1.1 – 1.2 
times as long as lip region diameter and 0.7 – 0.8% 
of body length. Aperture 35 – 42% of odontostyle 
length. Guiding ring single at 7 – 9 μm from anterior 
end. Odontophore rod-like and 1.9 – 2.0 of odon-
tostyle length. Excretory pore at 128 – 150 μm af-
ter the level of nerve ring. Nerve ring 32 – 33% of 
neck length. Pharynx enlarges gradually and basal 
expansion is 44 – 45% of neck. Cardia conoid and 
14 – 15 x 19 – 21 μm long. Disk-like structure be-
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tween pharynx and cardia, 2 – 3 μm tick. Female 
genital system didelphic-amphidelphic, each gonad 
about 16 – 20% of body length. Uterus about 45 – 
55 μm long, followed by oval pars dilatata about 
18 – 20 μm long, strong sphincter, oviduct 38 – 55 
μm and ovarium 80 – 103 μm. Structure of vagina 

as follows: Pars proximalis 15 – 17 μm long and 16 
– 20 μm, with oval to parallel walls surrounded by 
musculature. Pars refringens parallelogram shaped, 
5 μm long and 16 – 18 μm wide. Pars distalis 2 – 3 
μm long. Two gland cells visible close to pars refrin-
gens. Prerectum 1.2 – 2.0 anal body diameters long 

Fig. 5. Discolaimoides bulbiferus – a. and b. Lip region; c. Amphidia; d. Pharyngeal cardia; e. and 
f. Vagina; g. Tail region (scale 20 µm) 
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and rectum 0.7 – 0.9. Tail broadly conoid with more 
or less protruding part of body and two caudal pores 
at the posterior half of tail. 

Males not found.
Remarks: Our population resembled C. cylin-

dricum (Thorne 1974) Peña-Santiago et Ciobanu, 
2008 and C. elegans (Thorne, 1974) Peña-Santiago 
et Ciobanu, 2008. From the first it differed by thick-
er cuticle on tail tip (7-10 µm vs 4.5 µm), shorter 
odontostyle orifice (42–45% vs 48%), more poste-

Fig. 6. Eudorylaimus subdigitalis: a. – Neck; b. and c. – Lip region; d. – Amphidial fovea; e. and f. – Pharyngeal cardia; 
g., h. and i. – Vagina; j. – Anterior gonad; k., l. and m. – Variation of tail shape (Scale 20 µm – b, c, d, e, f, g, h, i, k, l 
and m; Scale 100 µm – a and j)
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rior position of S1N1 (79 – 81% vs 73%) and S1N2 
(81 – 82% vs 76%), vaginal structure as described 
in Peña-Santiago & Ciobanu (2011) and relatively 
longer tail with different shape (c=53 – 59 vs c=61 – 
67) and position of caudal pores in all reported pop-
ulations (Thorne 1974, Ahmad et al. 1985, Ciobanu 
et al 2007). Similar position of pharyngeal glands as 

in our population was reported by Hadi-Alijanvand 
& Fadaei-Tehrani (2013). Our specimens differed 
from C. elegans by stouter body (a = 32 – 35 vs 
a=40), slender odontostyle according to figures and 
description of Thorne (1974), longer tail (c=53 – 59 
vs c=60), shorter prerectum (1.2 – 1.8 times anal 
body diameter vs more than 3 anal body diameters). 

Fig. 7. Crassolabium cylindricus: a. and b. – Lip region; c. – Amphid fovea; d. and e. – Vagina; f. – Pharyngeal cardia; 
g. – Posterior gonad; h. – Posterior region; i. and j. – Tail; C. rhopalocercus: k. – Lip region; l. – Amphideal fovea; 
m. – Pharyngeal cardia; n. – Vagina; o. – Tail; p. – Posterior region (Scale 20 µm – a, b, c, d, e, f, i, j, k, l, m, n and o;  
Scale 100 µm – g, h and p)
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We agree with Peña-Santiago & Ciobanu’s (2011) 
consideration that „C. cylindricum and C. elegans 
are very close (if not identical) species“. Wider 
range of variations of characters is observed in pop-
ulations of frequently found species like C. circulif-
erum (Loof 1961) Peña-Santiago et Ciobanu, 2008 
or C. ettersergense (de Man 1885) Peña-Santiago 
et Ciobanu, 2008. These are the reasons to consider 
our specimens as more close to C. cylindricum. 

Distribution: Since its description from dying 
lawn grasses and prairie sod in South Dacota, USA 
(Thorne 1974), C. cylindricum has been reported 
from soil around roots of grasses and weeds in India 
(Ahmad et al. 1985), meadow soils in Romania 
(Ciobanu et al. 2007) and different soils under per-
ennial crops in Iran (Hadi-Alijanvand & Fadaei-
Tehrani 2013). New for Bulgaria.

Crassolabium rhopalocercus (De Man, 1876) 
Peña-Santiago et Ciobanu, 2008
Tables 1, 4 and 5, Fig. 7

Description: Female: Cuticle finely annulat-
ed and 3 μm tick at odontophore region, 4 μm tick 
at mid-body, 7 µm tick and with 3 distinct layers 
at caudal tip. Lip region 5 µm high, 2.8 times as 
broad as high and 33% of body diameter at neck 
base. Amphid fovea stirrupe shaped with aperture 
about 1.8 times of lip diameter. Odontostyle robust, 
1.6 times as long as wide, 0.8 times as long as lip 
region diameter and 1% of body length. Aperture 
44% of odontostyle length. Guiding ring single at 
9 μm from anterior end. Odontophore rod-like and 
1.6 of odontostyle length. Excretory pore after the 
level of nerve ring or at 152 μm from anterior end. 
Nerve ring at 31% of neck length. Pharynx enlarges 
gradually and basal expansion 49% of neck length. 
Cardia conoid and 11 x 14 μm. Disk-like structure 
between pharynx and cardia 2 – 3 μm thick. Female 
genital system didelphic-amphidelphic G1 – 12% 
and G2 – 13% of body length. Uterus about 45 – 47 
μm long. Pars dilatata not distinct, ovarium 82 – 83 
μm. Structure of vagina as follows: Pars proxima-
lis 18 μm long and 12 μm wide, with parallel walls 
surrounded by musculature. Pars refringens drop 
shaped, 3 μm long and 7 μm wide. Pars distalis 4 
μm long. Prerectum 1.7 anal body diameters long 

and rectum 1.2. Tail broadly rounded with two cau-
dal pores. 

Males not found.
Remarks: Our specimen is similar to descrip-

tion of Loof (1999).
Distribution: Widely distributed in Europe 

(Peña-Santiago & Ciobanu 2011) and Africa 
(Egypt), Asia (Azerbaijan, Georgia and Uzbekistan; 
Andrássy 1991). Species was found in two regions 
of South Bulgaria (Table 1) but none of the previous 
reports were supported by morphological descrip-
tions of recovered specimens. First record for the 
Thrace Valley region.

Abundance and occurrence of identified species 
of the families Qudsianematidae, Aporcelaimidae, 
Paraxonchidae, Dorylaimidae were presented in 
Table 5. Aporcella simplex Eudorylaimus subdigi-
talis and Aporcelaimellus obtusicaudatus were the 
most abundant species, while E. subdigitalis oc-
curred in almost every sample from the field. Less 
abundant but frequently found in the field were 
Discolaimus agricolus, Ecumenicus monohystera 
and Paraxonchium laetificans. Other species were 
rare with low abundance. 

Conclusions
Three species of Aporcelaimidae, one of 
Paraxoncidae, five of Qudsianematidae and two of 
Dorylaimidae were identified in soil samples col-
lected from an old raspberry plantation. New data 
on morphology of studied population were added. 

Aporcella simplex, Paraxonchium laeti-
ficans and Crassolabium rhopalocercus were 
found for the first time from the Thrace Valley. 
Discolaimoides bulbiferus and Crassolabium cf cy-
lindricum are new geographic records for Bulgaria; 
and Арorcelaimus cf americanus, Discolaimus ag-
ricolus and Eudorylaimus subdigitalis are new for 
the Balkan Peninsula. 

The most frequently recovered species were 
Aporcella simplex and Eudorylaimus subdigitalis. 
Both were also subdominant in the whole nematode 
fauna. 

Acknowledgements: The present study was partly supported by 
the Bulgarian Agricultural Academy, Contract No: POZM 93. 
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Table 2. Morphometric data of species of the families Aporcelaimidae and Paraxonchidae (populations found in the present 
study). Measurements in μm (except L, in mm) presented as mean ± standard deviation followed by the range (in parentheses)

Character Aporcelaimellus obtusiacaudatus
(n=11)

Aporcella simplex
(n=15)

Aporcelaimus cf 
americanus

(n = 2)

Paraxonchium 
laetificans

(n=12)

L 2.52 ± 0.23
(2.20–2.80)

2.11 ± 0.19
(1.79–2.38) 7.5, 5.9 1.36 ± 0.09

(1.17 – 1.55)

A 27 ± 2
(24 – 31)

28 ± 1
(26 – 31) 43, 34 23 ± 2

(20 – 27)

B 4.3 ± 0.2
(4.0 – 4.7)

4.2 ± 0.3
(4.0 – 4.8) 8.5, 6.5 3.9 ± 0.2

(3.6 – 4.2)

C 57 ± 5
(50 – 65)

40 ± 2
(37 – 45) 125, 107 33 ± 4

(25 – 39)

c’ 0.9 ± 0.1
(0.8 – 1.1)

1.1 ± 0.1
(1.0 – 1.3) 0.5, 0.5 1.0 ± 0.1

(0.8 – 1.2)

V (%) 51 ± 3
(45 – 56)

54 ± 2
(52 – 56) 48, 52 59 ± 1

(57 – 62)

Body diameter at lip region 20.2 ± 1.2
(19 – 22)

21.6 ± 0.7
(21 – 23) 29, 30 9.9 ± 0.6

(9 – 11)

Body diameter at base of pharynx 84 ± 9
(72 – 95)

71 ± 8
(59 – 86) 150, 155 55 ± 3

(50 – 63)

Body diameter at mid-body 94 ± 12
(80 – 111)

75 ± 6
(65 – 84) 175 60 ± 3

(53 – 65)

Body diameter at anus 50 ± 7
(45 – 60)

47 ± 4
(41 – 51) 120, 115 41 ± 5

(34 – 49)

Odontostyle length 21 ± 2
(18.5 – 24)

21 ± 1
(20 – 22.5) 30, 29 13 ± 1.5

(11 –15)

Odontostyle aperture 12.0 ± 1.3
(10.5 – 14.5)

14.1 ± 0.9
(12 – 15) 21, 18 8.1 ± 0.2

(8 – 8.5)

Odontostyle width 5.0 ± 0.6
(4.0 – 6.0)

5.9 ± 0.5
(5.0 – 6.7) 7, 6.5 3

Odontophore 40 ± 3
(36 – 44)

39 ± 4
(31–43) 55, 57

Amphidial aperture 8.8 ± 1.5
(7 – 10)

10.4 ± 0.7
(9.6 – 11.4) 13, 12 4.3 ± 0.6

(4.0–5.0)

Neck length 579 ± 37
(527 – 628)

500 ± 47
(427 – 550) 885, 900 345 ± 21

(300 – 370)

Distance from anterior end to vulva 1280 ± 176
(1073 – 1558)

1118 ± 125
(935 – 1305)

3565
3065

805 ± 62
(700 – 920)

Prerectum length 115 ± 31
(70 – 150)

110 ± 19
(72 – 130) 230, 243 101 ± 16

(80 – 120)

Rectum length 53 ± 9
(39 – 66)

45 ± 10
(32 – 60) 65, 53 41 ± 4

(35 – 46)

Tail length 44 ± 3
(39 – 48)

52 ± 4
(45 – 59) 60, 53 42 ± 4

(35 – 47)

Pharyngeal characters* (%)

DN
58 ± 1

(58 – 59)
(n=4)

57 ± 1
(55 – 58) 40, 33 62 ± 3

(60 – 65)

SV1N1
77

(n=2)

65 ± 5
(59 – 74)

(n=9)
?, 52

68 ± 3
(64 – 72)

(n=4)

SV1N2

87
(86 – 87)

(n=3)

78 ± 2
(75 – 81)
(n=11)

?, 63
70 ± 1

(69 – 71)
(n=3)

SV2N1

89 ± 2
(86 – 92)

(n=9)
?, 89

82 ± 3
(81 – 84)

(n=5)

SV2N2

90 ± 3
(86 – 93)

(n=9)
?, 90

84 ± 1
(81 – 85)

(n=4)

*after Loof & Coomans (1970)
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Table 3. Morphometric data of the species belonging to family Qudsianematidae (populations found in the present study). 
Measurements in μm (except L, in mm) presented as mean ± standard deviation followed by the range (in parentheses)

Character Discolaimus agricolus
(n=25)

Discolaimoides bulbiferus
(n=2)

Ecumenicus 
monohystera (n=11)

Eudorylaimus subdigitalis
(n=48)

L 1.59 ± 0.16
(1.30– 1.88) 1.60, 1.63 1.12 ± 0.07

(0.99– 1.18)
1.10 ± 0.01

(0.93 – 1.47)

a 33 ± 4
(28 – 40) 57, 58 37 ± 2

(34 – 39)
23 ± 2

(20 – 28)

b 4.4 ± 0.4
(4.0 – 5.4) 4.4, 4.5 4.6 ± 0.5

(3.9 – 5.1)
3.6 ± 0.2

(3.0 – 4.2)

c 64 ± 10
(47 – 75) 41, 42 32 ± 2

(31 – 36)
26 ± 3

(21 – 34)

c’ 0.9 ± 0.1
(0.7 – 1.2) 2.4, 2.3 1.6 ± 0.1

(1.5 – 1.7)
1.3 ± 0.1

(1.1 – 1.6)

V (%) 52 ± 2
(48 – 57) 48, 49 32 ± 2

(29 – 34)
61 ± 2

(57 – 65)
Body diameter at lip 
region 

27 ± 1
(25 – 29) 9 9.9 ± 0.2

(9.5 – 10)
15 ± 1

(14 – 17)
Body diameter at base 
of pharynx 

45 ± 2
(40– 49) 25, 24 30 ± 2

(28– 32)
44 ± 3

(37 – 49)
Body diameter at mid-
body 

48 ± 3
(41 – 55) 28 31 ± 1

(29– 32)
47 ± 3

(40 – 55)

Body diameter at anus 30 ± 2
(27 – 34) 16, 17 22 ± 2

(20– 24)
35 ± 2

(30 – 43)

Odontostyle length 23 ± 1
(21– 25) 11 10 ± 0.5

(10 – 11)
18 ± 1

(16 – 23)

Odontostyle aperture 13 ± 0.8
(11 – 13.5) 3.5 3.5 ± 0.3

(3.0 – 3.7)
7.6 ± 0.7
(7 – 9)

Odontostyle width 4.0 ± 0.3
(3.5 – 4.7) 2 1.5 ± 0.05

(1.5 – 1.6)
3.1 ± 0.4

(2.5 – 3.5)

Odontophore (µm) 37 ± 8
(31 – 50) 10 20 ± 3

(18 – 23)
28 ± 3

(23 – 33)

Amphidial aperture 9.3 ± 1
(8 – 10) 6 5.5 ± 0.2

(5 – 6)
7 ± 2

(6 – 10)

Neck length 354 ± 23
(312 – 400) 360, 361 245 ± 17

(225 – 261)
304 ± 27

(250 – 356)
Distance from anterior 
end to guiding ring 

10.0 ± 0.7
(8.2 – 11) 5 5 ± 0 8.5 ± 0.6

(7.0 – 9.5)

Vagina 14.6 ±1.6
(12.4 – 19) 14 14.7 ± 2.0

(13 – 17)
20 ± 1.4
(18 – 22)

Prerectum 41 ±16
(24 – 66) 51, 50 41 ± 9

(24 – 47)
64 ± 17

(30 – 105)

Rectum 24 ± 3
(20 – 34) 27, 26 24 ± 6

(18 – 33)
30 ± 4

(25 – 40)

Tail 25 ± 4.3
(19,4 – 35) 39 35 ± 2.4

(32 – 38)
44 ± 5

(35 – 54)

DN
55±5

(45– 62)
(n=11)

60
(n=1)

64
(n=1)

64 ± 1
(61 – 65)
(n=13)

DO
51± 3

(46 –56)
(n=7)

57
(n=1)

61
(n=1)

60 ± 3
(56 – 66)
(n=11)

SV1N1

69± 4
(55 – 79)

(n=6)

79
(n=1)

76
(n=1)

73± 4
(68 – 81)
(n=14)

SV1N2

79±7
(60 – 77)
(n=10)

76 ± 4
(70 – 82)
(n=12)

SV2N1

87±4
(81 –92)

(n=7)

87
(n=1)

89±1
(86 – 91)
(n=13)

SV2N2

89±5
(82 –94)

(n=7)

87
(n=1)

89± 4
(77 – 94)
(n=11)

*after Loof & Coomans (1970)
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Table 4. Morphometric data of the species belonging to family Dorylaimidae (populations found in the present study). 
Measurements in μm (except L, in mm).

Character Crassolabium cf cylindricum
(n=3)

Crassolabium rhopalocercus
(n=1)

L 1.4 1.5 1.7 1.7
a 32 34 35 39
b 4.0 4.1 4.8 4.1
c 53 59 55 75
c’ 0.9 0.8 0.9 0.7
V (%) 47 46 48 48
Body diameter at lip region 13 13 13.5 14
Body diameter at base of pharynx 41 42 45 43
Body diameter at mid-body 44 45 49 42
Body diameter at anus 30 33 34 31
Odontostyle length 11 11 12 17
Length of odontostyle aperture 5 4 5 7.5
Odontostyle width 2.5 2.5 2.5 3.5
Odontophore (µm) 22 22 23 27
Amphidial aperture 5 6 6 8
Neck length 355 370 355 400
Vagina 22 23 22 20
Prerectum 60 40 62 52
Rectum 22 24 32 38
Tail 27 26 31 22
DN 62 63 64 53
DO 63 59 61 50
SV1N1 81 79 79 75
SV1N2 82 81 81
SV2N1 91 90 90 88
SV2N2 92 91 90 88

*after Loof & Coomans (1970)

Table 5. Abundance and occurrence of the recorded species in the studied area

Species Average
(100 g soil) Min Max Occurrence

(% of all samples)

Aporcelaimidae

  1. Aporcella simplex 6.5 1 18 89%
  2. Aporcelaimellus obtusicaudatus 4.7 1 24 75%
  3. Aporcelaimus cf americanus 1.0 1 1 11%

Paraxonchidae

  4. Paraxonchium laetificans 2.2 1 7 61%
Qudsianematidae

  5. Discolaimus agricolus 2.4 1 6 71%
  6. Discolaimoides bulbiferus 1.5 1 2 21%
  7. Ecumenicus monohystera 1.5 1 3 61%
  8. Eudorylaimus centrocercus 1.0 1 1 14%
  9. Eudorylaimus subdigitalis 6.4 1 15 96%

Dorylaimidae

10. Crassolabium cf cylindricum 1.0 1 1 11%
11. Crassolabium rhopalocercus 1.0 1 1 7%
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