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Abstract

Detailed descriptions of six species of Plectus reported for the first time from India are given on the basis of LM and SEM
observations. Plectus geophilus de Man, 1880, P. aquatilis Andrássy, 1985, P. parvus Bastian, 1865, P. minimus Cobb,
1893, P. magadani Kuzmin, 1979 and P. communis Bütschli, 1873 are described and illustrated. The salient morphological
characters of the species are given. The taxonomy of the genus has been discussed along with the status of species pre-
senting a great degree of morphometric overlap and continuous variation. An emended diagnosis of the genus is provided
with incorporation of relatively consistent and less variable characters. 

Key words: Description, LM, SEM, taxonomy, Plectus aquatilis, P. communis, P. geophilus, P. magadani, P. minimus, P.
parvus. 

Introduction

The genus Plectus was described by Bastian in 1865. It’s species are largely continental, with a few reportedly
found in extreme environments showing anhydrobiosis (Timm, 1971; Hendriksen, 1983; Adhikari et al., 2010).
The individuals are bacterivores and good colonizers having a value of 2 on the c-p scale (Bongers & Bongers,
1998). Usually males are rare and most species reproduce through parthenogenesis. In the past, several authorita-
tive publications (Maggenti, 1961; Paramonov, 1964; Andrássy, 1985; Zell, 1993, De Ley & Coomans, 1994) have
been devoted to the genus due to its species richness. Andrássy (1985) synonymised the genera Plectoides (de
Man, 1904) Chitwood, 1951; Pycnolaimus Cobb, 1920 and Proteroplectus Paramonov, 1964 with Plectus Bastian,
1865. This cosmopolitan genus has 78 species on record sensu Andrássy (2005) and Holovachov & De Ley (2006),
however, the latter considered Ceratoplectus Andrássy, 1984 as a subgenus of Plectus. The authors (l. c.) also syn-
onymised Chiloplectus that was raised by Andrássy (1984). 

During a survey of nematodes from North India six species of Plectus were identified that are described here-
under with LM and SEM details along with a discussion of their relationships.

Material and methods

Nematodes were extracted using Cobb’s (1918) sieving and decantation method and the modified Baermann funnel
technique. For light microscopy, nematodes were fixed in 4% formaldehyde, dehydrated (Seinhorst, 1959) and
later mounted on slides using the wax ring technique. The nematodes were measured with an ocular micrometer
and drawn using a drawing tube. LM photographs were taken with an Olympus DP-11 digital camera mounted on
an Olympus BX-51 DIC microscope. For Scanning Electron Microscopy (SEM), the specimens were fixed in 2%
glutaraldehyde, post-fixed in 2% osmium tetroxide, dehydrated in alcohol series and critical point dried using CO2.
The mounted nematodes were coated with 10 nm gold before viewing at 10 kV under an XL30 FEG scanning elec-
tron microscope.
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Systematics

Plectus geophilus de Man, 1880
(Figs. 1, 2)

Measurements.  Table 1.
Description. Adult: Body slightly arcuate upon fixation, regularly tapering towards extremities, more towards

posterior end. Cuticle 1.0–1.5 µm thick; outer cuticle very finely striated, inner cuticle smooth; inter-striae distance
ca 0.6–0.8 µm; tail striae relatively discernible in LM. Hypodermis devoid of glands. Lateral fields with two
slightly-spaced cuticular alae. Somatic setae very few projecting perpendicular to body surface, usually inconspic-
uous. Lip region continuous with adjoining body contour, low flattened to truncate. Lips triangular with tapering
inner ends appearing bifid in SEM. Inner labial sensilla around oral opening and outer labial sensilla located in
depressions. Cephalic sensilla setose, 1.0–1.5 µm long, outwardly directed usually perpendicular to longitudinal
body axis. Amphidial fovea open circular, 2–3 µm wide, located at middle or posterior to middle level of stoma.
Stoma plectoid, tubular; cheilostom not cuticularised, with walls diverging posteriorly; gymnostom cuticularised
continuing into equally wider stegostom; posterior part of stegostom tapering towards base. Pharynx comprising of
anterior cylindrical corpus continuing into a nearly indistinguishable isthmus and a round to ovoid basal bulb of
10–16 x 8–10 µm dimension with a simple grinder (= valvular apparatus); post-bulbar extension of variable length
ranging from 4–8 µm. Cardia surrounding post-bulbar extension. Nerve ring encircling pharynx at ca 50–60% of
its length. Secretory-excretory pore slightly posterior to nerve ring, at ca 65–70% of pharyngeal length; secretory-
excretory duct inconspicuous, making two turns in one specimen (Fig.1C). A pair of pseudocoelomocytes present
between cardia and anterior reflexed ovary measuring ca 1.2–1.6 corresponding body diameter in length. Intestine
granular with wide lumen. Rectum 0.8–0.9 times anal body diameter in length. Anus a crescent-shaped slit.

Female: Reproductive system didelphic, amphidelphic, compactly built; ovaries reflexed antidromously with
alternately arranged developing oocytes. Spermatheca absent. Crustaformeria not differentiated. Uterus occasion-
ally with smooth-shelled intra-uterine eggs of 40–53 x 14–18 µm dimension; sperms absent in genital tract. Vagina
20–25% of the corresponding body diameter; provided occasionally with weak epiptygmata (vulva forming folds
with inner vaginal wall) and a pair of sphincter muscles. Vulva nearly equatorial, a transverse slit; vulval lips usu-
ally slightly protruded. Tail cylindrical, slightly arcuate, regularly tapering to a bluntly rounded terminus. Caudal
setae 5 including one subventral and one lateral pair pointing downward. Terminal seta 6–12 µm anterior to tail ter-
minus. Three linearly arranged caudal glands opening to exterior through 1–2 µm long spinneret.

Male: Not found. 
Locality and habitat. A sample containing Plectus geophilus was collected from a small ditch (alluvium soil)

at Keoladeo National Park, Bharatpur, Rajasthan, India.
Voucher specimens. Seven females on slide Plectus geophilus de Man, 1880 KNP/ 1–5 deposited in the Nem-

atode Collection, Department of Zoology, Aligarh Muslim University, Aligarh, Uttar Pradesh, India. One female
deposited at USDANC, Beltsville, MD, USA. [One female was used for SEM study].

Salient characters. A small species having lip region continuous with adjoining body; lips amalgamated with
bifid inner ends; cephalic setae perpendicular to main body axis, amphidial fovea circular, located at middle or pos-
terior to middle level of stoma; secretory-excretory duct usually inconspicuous, pharyngeal bulb weak with simple
grinder, vagina with weak epiptygmata and one pair of sphincter muscles; tail spinneret simple. 

Remarks. P. geophilus, also described by Schneider (1937), Novikova and Gagarin (1971), Zell (1993) and
Andrássy (2005), has been reported for the first time from the Indian subcontinent. It has so far been reported from
all continents except Antarctica (Andrássy, 2005). The present population shows conformity to P. geophilus in most
morphological and morphometric characteristics. However, some very minor differences were observed. The pres-
ent specimens are relatively smaller in size (0.31–0.35 mm vs 0.34–0.52 mm) showing a smaller range of linear val-
ues besides having a relatively anterior vulva (V= 44.2–50.7 vs 49.7–55.6). The present population differs from
closely related P. intorticaudatus Truskova, 1976 in having a relatively greater ‘a’ value (15.5–19.9 vs 15.5–17.0)
that links the range of values of P. intorticaudatus with P. geophilus; a relatively larger tail (35–45 µm vs 32–39
µm); and greater distance of terminal seta from tail tip [6–12 µm vs 3.5–5 µm in P. intorticaudatus apud Zell
(1993)]. The ‘c’ value (10.0–11.6) of latter, as indicated in the original description (Truskova, 1976), is much greater
than that (7.9–9.1) estimated in  the present population. On critically examining the allometric ratios and character-
istics, P. intorticaudatus very much fits in P. geophilus except for the ‘a’ value and the position of terminal seta. 
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FIGURE 1. Plectus geophilus de Man, 1880. A: Female, entire. B: Anterior end. C: Pharyngeal region. D: Female reproduc-
tive system. E: Caudal region.
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FIGURE 2. Plectus geophilus de Man, 1880. A, C, D: Anterior end. B: En face view. E: Pharyngeal region. F: Body region
showing posterior pharynx. G: Lateral field region. H, I: Vulval region showing reflexed ovary. J: Caudal region. K: Tail tip
showing subterminal seta (Scale bar = 5 µm).
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The present specimens differ from P. minimus Cobb, 1893 in having smaller ‘a’ (15.5–19.9 vs 24.4–32.1); ‘b’ (3.5–
5.9 vs 3.1–3.6) and ‘V’ (44.2–50.7 vs 50.0–53.4) values; posterior amphid position, greater stoma length (14–20
µm vs 8.5–11.5 µm) and relatively greater tail length (35–45 µm vs 28–38 µm) and a simple [vs crooked spinneret
in P. minimus apud Zell (1993) and De Ley & Coomans (1994)]. The present specimens of P. geophilus also differ
from P. communis Bütschli, 1873 in having a smaller body (0.31–0.35 mm vs 0.43–0.74 mm) and consequently a
smaller tail (35–45 µm vs 50–87 µm); continuous (vs setoff lip region); longer cephalic setae (1.0–1.5 µm vs 3–5
µm) and basal bulb with simple (vs parietinus-type) grinder in P. communis apud Zell (1993). The present popula-
tion differs from P. similis Zell, 1993 in having smaller body (0.31–0.35 mm vs 0.44–0.64 mm); smaller ‘a’ value
(15.5–19.9 vs 24.4–32.4); longer cephalic setae (1.0–1.5 µm vs 2.5–4 µm); continuous (vs setoff lip region) and a
smaller tail (35–45 µm vs 46–75 µm) in P. communis apud Zell (1993).

Plectus aquatilis Andrássy, 1985
(Figs. 3, 4)

Measurements. Table 1.
Description. Adult: Body straight, slightly arcuate to ‘C’-shaped upon fixation, regularly tapering towards

extremities, more towards posterior end. Cuticle 1.5–2.0 µm thick; outer cuticle smooth, inner cuticle finely stri-
ated. Lateral fields with two closely-placed cuticular alae. Hypodermis lacking glands. Somatic setae very sparse
and small, 2–3 pairs of cervical setae observed in few specimens. Lip region continuous with adjoining body. Lips
triangular with attenuated, cuticularised inner margins surrounding the oral aperture; inner labial sensilla incon-
spicuous, outer labials papilliform, often indistinct in SEM due to shrunk lips. Cephalic sensilla setose, 3–4 µm
long, anteriorly directed. Amphidial fovea round with prominent, cuticularised ductus amphidialis, located middle
or anterior to middle of stoma. Stoma cylindrical; cheilostom slightly arched with anterior refractive pieces, gym-
nostom thickly cuticularised, wide, cylindrical; stegostom slightly narrower, differentiated into anterior wider and
posterior narrower region tapering at base. Pharynx comprising of anterior cylindrical corpus, a relatively undiffer-
entiated isthmus and an ovoid, relatively weak basal bulb of 26–35 x 17–25 µm dimension with a parietinus-like
grinder having 8–10 pairs of denticulate ridges. Post-bulbar extension about 12–15 µm long. Cardia obscured by
post-bulbar prolongation. Nerve ring encircling pharynx at ca 47–51% of its length. Secretory-excretory pore
slightly posterior to nerve ring, at ca 54–56% of pharyngeal length. Secretory-excretory duct cuticularised forming
one and a half loop before finally connecting with renette cell. Intestine granular with wide lumen. One pair of
pseudocoelomocytes present in the anterior region of intestine measuring less than corresponding body diameter in
length. Rectum ca 0.7–0.9 anal body diameter long with exceptionally wide lumen and three rectal glands. 

Female: Reproductive system didelphic, amphidelphic compactly built; ovaries reflexed antidromously with
developing oocytes. Anterior ovary on right and posterior on left side of intestine. Spermatheca absent. Uterus with
smooth-shelled intra-uterine eggs of 46–49 x 28–34 µm dimension. Vulva nearly equatorial representing an ovoid
transverse slit; vulval lips protruded; anterior vulval lip with advulval papilla. Vagina 30–35% of the corresponding
body diameter; with weak epiptygmata; two pairs of sphincter muscles appearing as elliptical pieces in cross sec-
tion. Vulva-anus distance 264–491 µm. Tail cylindrical, slightly arcuate, regularly tapering to a bluntly rounded
terminus. Caudal setae five including a lateroventral pair and a lateral pair pointing downward. Terminal seta 18–
25 µm anterior to tail terminus. Three linearly arranged caudal glands opening to exterior through 2 µm long spin-
neret.

Male: Not found.
Locality and habitat. A sample containing P. aquatilis was collected from a pool at Nainital, Uttaranchal,

India
Voucher specimens. Eight females on slide P. aquatilis Andrássy, 1985 NU/ 1–5 deposited in the Nematode

Collection, Department of Zoology, Aligarh Muslim University, Aligarh, Uttar Pradesh, India. One female
deposited at USDANC, Beltsville, MD, USA. [Two females were used for SEM study].

Salient characters. A medium- to large-sized species with lip region continuous to adjoining body; lips with
attenuated and cuticularised inner ends; cephalic setae forwardly directed making an acute angle with main body
axis; amphidial fovea small, circular, at middle or anterior to middle level of stoma; secretory-excretory duct con-
spicuous with turns, pharyngeal bulb weak with parietinus-like grinder, vagina with weak epiptygmata and two
pairs of sphincter muscles; rectum with conspicuously dilated lumen and tail spinneret simple. 
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FIGURE 3. Plectus aquatilis Andrássy, 1985. A: Female, entire. B: Anterior end. C: Pharyngeal region. D: Female reproduc-
tive system. E: Caudal region.
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FIGURE 4. Plectus aquatilis Andrássy, 1985. A: En face view. B–F: Anterior end. G: Body region showing corpus-isthmus.
H: Body region showing posterior pharynx. I: Vulval region (lateral). J, K: Vulval region (ventral). L: Caudal region. M–O:
Anal region. P: Tail terminus (Scale bar = 5 µm).
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Remarks. P. aquatilis is a relatively common species that has been reported (Andrássy, 1990; 1992; 1997;
2002; 2005) primarily from aquatic habitats and occasionally from moist soil. The species has been widely reported
(Andrassy, 2005) from all the continents except Antarctica and due to adaptive qualities, it has even been reported
from the Driefontein Mine at a depth of 0.9 km (Borgonie et al., 2011). The present population, the first report of
the species from India, shows conformity to P. aquatilis in most morphological and morphometric characteristics.
However, some minor differences were observed. The present specimens are relatively smaller in size (0.7–1.2 mm
vs 0.8–1.4 mm) with a smaller stoma (20–22 µm vs 24–26 µm). The males could not be found in the present popu-
lation as also stated in the original description (Andrássy, 1985), however, males have been described and illus-
trated later (Zell, 1993) with three conspicuous supplements. P. aquatilis most closely resembles P. indicus Khera,
1972, among the species placed under the ‘aquatilis’ group by Zell (1993), in most morphometric and morpholog-
ical characteristics. However, one major difference observed between the two is the absence of supplements in
males of P. indicus. Some other differences from P. indicus, largely observed in the present population (comprised
of females only), are the thickly cuticularised and curved cheilostomal walls; gymnostom with parallel walls; vulva
a relatively shorter ovoid slit and considerably dilated rectum [vs cheilostomal walls moderately cuticularised and
straight; gymnostom with arched walls; vulval slit large, narrow and rectum not dilated in P. indicus apud Zell
(1993) and Zullini, Loof & Bongers (2002)]. The present population of P. aquatilis differs from P. communis in
having relatively larger body (0.70–1.23 mm vs 0.43–0.74 mm); greater ‘c’ value (7.7–9.6 vs 4.2–6.4); forwardly
directed (vs anteriorly directed) cephalic setae; relatively larger stoma (20–22 µm vs 14.5–21.0 µm); weak (vs
strong) basal bulb; relatively longer tail (73–160 µm vs 50–87 µm); dilated (vs normal) lumen of rectum and farther
placed terminal seta from tail terminus [18–25 µm vs 8–15 µm in P. communis apud Zell (1993)]. The present pop-
ulation of P. aquatilis further differs from P. magadani Kuzmin, 1979 in having relatively larger body (0.70–1.23
mm vs 0.51–0.81 mm); wider (11–14 µm vs 8.5–10.5 µm) and continuous (vs offset) lip region; relatively larger
stoma (20–22 µm vs 15–21.5 µm); weak (vs strong) basal bulb; dilated (vs normal) lumen of rectum; relatively lon-
ger tail (73–160 µm vs 54–92 µm) and farther placed terminal seta from tail terminus (18–25 µm vs 8–14 µm in P.
magadani apud Zell (1993) .

Plectus parvus Bastian, 1865
(Figs. 5, 6)

Measurements: Table 1.
Description. Adult: Body straight to slightly arcuate upon fixation, tapering towards extremities, more

towards posterior end. Cuticle 0.8–1.0 µm thick; outer cuticle very finely striated, inner cuticle smooth. Striae rela-
tively prominent in tail region. Hypodermis devoid of glands. Lateral fields with two cuticular alae. Deirids con-
spicuous, papilliform flanked by cuticular alae. Somatic setae sparse including 2–4 pairs in the cervical region. Lip
region continuous with body contour. Lips triangular, amalgamated appearing radially ridged; inner labial sensilla
inconspicuous; outer labials papilliform, not discernible in LM. Cephalic sensilla setose, 1.5–2.0 µm long, anteri-
orly directed. Amphidial fovea small, circular with prominent ductus amphidialis, located at posterior to middle
level of stoma. Stoma largely cylindrical; cheilostom with conical or sloping walls, gymnostom wide with arched
walls; stegostom cylindrical gradually tapering at base. Pharynx comprising of anterior cylindrical corpus, slightly
narrow isthmus and an ovoid basal bulb of 11–15 x 8–10 µm, dimension with a simple grinder. Post-bulbar exten-
sion usually very reduced, often indistinguishable from glandular, conoid cardia. Nerve ring encircling pharynx at
ca 54–57% of pharyngeal length. Secretory-excretory pore slightly posterior to nerve ring, at ca 66–70% of pha-
ryngeal length. Secretory-excretory duct cuticularised, undergoing one and a half turns to finally join the renette
cell. Intestine granular with wide lumen. Rectum ca 0.7–0.9 times anal body diam. long. Anus a crescent-shaped
slit.

Female: Reproductive system didelphic, amphidelphic, compactly built; ovaries dorsally reflexed antidro-
mously with developing oocytes. Anterior ovary on right and posterior on left side of intestine; occasionally cross-
ing each other. Spermatheca absent. Uterus occasionally with two eggs of 42–46 x 15–18 µm dimension. Sperms
absent in the genital tract. Vagina ca 20–25% of corresponding body diameter; usually with epiptygmata and one
pair of sphincter muscles. Vulva nearly equatorial representing an ovoid, transverse slit; vulval lips slightly pro-
truded. Vulva-anus distance 133–151 µm. Tail cylindrical, slightly arcuate, regularly tapering to a bluntly rounded
terminus. Caudal setae seven including one subdorsal pairs, one lateral and one subventral pair, pointing down-
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ward. Terminal seta 6–11 µm anterior to tail terminus. Three linearly arranged caudal glands opening to exterior
through 1–2 µm long spinneret.

Male: Not found.

FIGURE 5. Plectus parvus Bastian, 1865. A: Female, entire. B: Anterior end. C: Pharyngeal region. D: Female reproductive
system. E: Caudal region.
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FIGURE 6. Plectus parvus Bastian, 1865. A: En face view. B–D: Anterior end. E: Pharyngeal region. F: Lateral fields with
deirids. G: Body region showing lateral alae. H: Female reproductive system. I: Vulval region. J, K: Caudal region (Scale bar =
5 µm).
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Locality and habitat. A sample containing Plectus parvus was collected from a field in Meerut, Uttar Pradesh,
India.

Voucher specimens. Nine females on slide Plectus parvus Bastian, 1865 MUP/1–6 deposited in the Nematode
Collection, Department of Zoology, Aligarh Muslim University, Aligarh, Uttar Pradesh, India. One female
deposited at USDANC, Beltsville, MD, USA. [One female was used for SEM study].

Salient characters. A small species with lip region continuous with main body contour; lips with simple,
smooth inner ends; cephalic setae forwardly directed making an acute angle with main body axis; amphidial fovea
usually ovoid, at posterior to middle level of stoma; secretory-excretory duct conspicuous with turns, pharyngeal
bulb without or with a reduced post-bulbar extension and simple grinder, vagina with epiptygmata and one pair of
sphincter muscles; tail spinneret simple. 

Remarks. P. parvus has been reported mainly from terrestrial habitats and rarely occurs in aquatic habitats.
The present population is the first report of the species from India; however, it has been reported widely across the
globe (Andrássy, 2005). The present population shows conformity to the original and subsequently reported popu-
lations of P. parvus in all morphological and morphometric characteristics, with some minor differences observed.
The present specimens are relatively smaller in size (0.33–0.38 mm vs 0.35–0.55 mm), showing a smaller range of
linear measurements and absence of males [vs males described apud Maggenti (1961); Zell (1993) Andrássy
(2005)]. The present population of P. parvus differs from P. geophilus in having relatively smaller ‘a’ (15.1–19.0 vs
19.2–34.8) and ‘ć’ (3.1–4.4 vs 3.9–6.4) values; cephalic sensilla forming an acute (vs right) angle with main body
axis and reduced [vs long) post-bulbar extension in P. geophilus apud Zell (1993)]. The present population differs
from P. communis in having smaller body (0.33–0.38 mm vs 0.43–0.74 mm); wider lip region (6 µm vs 8.5–11
µm); cephalic setae parallel (vs at right angle) to body axis; smaller stoma (13–15 µm vs 14.5–21 µm); simple [vs
parietinus-like grinder and reduced [vs long post-bulbar extension in P. communis Zell (1993)]. The present popu-
lation differs from P. minimus in having smaller ‘a’ (15.1–19.0 vs 24.4–32.4), ‘b’ (3.7–4.0 vs 3.1–3.6) and ‘ć’ (3.1–
4.4 vs 4.1–5.8) values; grinder located in anterior (vs middle) region of basal bulb; reduced (vs long) post-bulbar
extension and tail spinneret simple [vs crooked in P. geophilus apud Zell (1993) and De Ley & Coomans (1994)].

Plectus minimus Cobb, 1893
(Figs. 7, 8)

Measurements: Table 1
Description. Adult: Body small to medium-sized, slender, almost straight or slightly curved ventrally after fix-

ation, tapering at both extremities, more towards posterior region. Outer cuticle with fine, transverse striations,
inner cuticle smooth. Somatic setae fine and sparse, usually 3 pairs present in the cervical region. Lateral fields
with weak cuticular alae. Lip region continuous with adjoining body contour. Lips amalgamated. Outer and inner
labial sensilla papilloid, inconspicuous in LM; cephalic sensilla setose, 2.0–2.5 µm long, anteriorly directed,
located at one lip diam. from anterior end. Amphids oval-shaped, situated at middle level of stoma. Stoma plectoid-
type, tubular, thin-walled, weakly cuticularised, about three lip diam. long. Cheilostom rod-shaped slightly cuticu-
larised with refringent dot-like anterior part; gymnostom cuticularised, parallel-walled; stegostom uniformly wide
with abrupt narrowing at base. Pharynx comprising of a cylindrical corpus with indistinguishable isthmus and an
elongate to ovoid muscular, basal bulb of 22–33 x 11–13 µm dimension, gradually tapering into a post-bulbar part;
anterior part of basal bulb having a simple grinder. Nerve ring located at about 48–51% of pharyngeal length.
Secretory-excretory pore posterior to nerve ring or at about 54–58% of pharyngeal length with the duct forming a
loop before joining the renette cell. Body at pharyngeal end 3.0–3.5 lip diameters wide. Cardia 4–7 µm long with
narrow lumen. Intestine transparent, with wide lumen. Rectum thin-walled, ca 0.8–1.0 times anal body diam. long.
Anus a crescent-shaped slit. 

Female: Reproductive system didelphic-amphidelphic. Ovaries dorsally reflexed. Anterior ovary on right and
posterior on left side of intestine. Oocytes arranged in double rows at distal end of ovary followed by a single tile.
Vagina at right angle to longitudinal body axis, 1/3 of corresponding body diameter without a distinct epiptygmata
and with a pair of sphincter muscles. Vulva a transverse slit, almost equatorial. Tail ventrally arcuate, gradually
tapering to a narrow tip provided with a crooked terminal spinneret. Caudal setae including two subdorsal pairs,
one lateral pair and one subventral pair, pointing downwards. Terminal seta 8–10 µm anterior to tail terminus. Cau-
dal glands linearly arranged with prominent nuclei. 
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FIGURE 7. Plectus minimus Cobb, 1893. A: Female, entire. B, C: Anterior end. D: Pharyngeal region. E: Female reproduc-
tive system. F: Caudal region.
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FIGURE 8. Plectus minimus Cobb, 1893. A–C: Anterior end. D: Body region showing posterior pharynx. E: Female repro-
ductive system. F: Caudal region. G–I: Tail terminal region (Scale bar = 5 µm).
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Male: Not found 
Locality and habitat. A sample containing Plectus minimus Cobb, 1893 was collected from a small ditch

(alluvium soil) at the outskirts of Aligarh, Uttar Pradesh, India.
Voucher specimens. Ten females on slide Plectus minimus Cobb, 1893 NOSR/ 1–6 deposited in the Nema-

tode Collection, Department of Zoology, Aligarh Muslim University, Aligarh, Uttar Pradesh, India. One female
deposited at USDANC, Beltsville, MD, USA. [One female was used for SEM study].

Salient characters. A small species with lip region continuous to adjoining body; lips with simple, smooth
inner ends; cephalic setae forwardly directed making an acute angle with main body axis; amphidial fovea usually
oval, occasionally circular, at middle level of stoma; secretory-excretory duct inconspicuous proximally, pharyn-
geal bulb weak with simple grinder, vagina simple without folded walls, provided with one pair of sphincter mus-
cles, tail terminus having a crooked spinneret..

Remarks. Plectus minimus, although reported by various workers, namely Geraert (1962); Zell (1993); De
Ley & Coomans (1994) and Khan and Araki (2001b), is recorded for the first time from the Indian subcontinent.
The present population conforms well to the original population described by Cobb in 1893 in most morphological
characteristics but differs in having larger females (0.4–0.5 mm vs 0.2–0.3 mm) with greater vulva-anus distance
(4.1–5.6 vs 2–4) in terms of tail length. The present population also resembles the P. minimus population described
by De Ley & Coomans (1994) in most morphometric and morphological details including crooked spinneret; how-
ever, it differs from latter in having larger females (0.4–0.5 mm vs 0.2–0.3 mm) and greater ‘c’ value (10.8–14.2 vs
7.4–9.7). The present population of P. minimus shows some minor differences from previously described popula-
tions of the species in having relatively larger body (0.43–0.52 mm vs 0.24–0.35 mm); greater ‘c’ value (10.8–14.2
vs 8.5–10.5); relatively larger stoma (15–17 µm vs 8.5–11.5 µm); weak (vs strong) basal bulb; relatively longer tail
(32–45 µm vs 28–38 µm) and terminal seta placed farther from tail terminus [8–10 vs 7 µm in P. minimus apud Zell
(1993)]. The present population of P. minimus closely resembles P. pusillus Cobb, 1893, but shows some minor dif-
ferences from the latter species in having a relatively larger body (0.43–0.52 mm vs 0.35–0.45 mm); greater ‘c’
value (10.8–14.2 vs 8.4–10.0); and more anteriorly placed amphids (8–11 µm vs 13.5 µm). The most conspicuous
difference can be observed in the crooked vs simple spinneret in P. pusillus apud Zell (1993). Though the present
population of P. minimus resembles P. geophilus in some respects, some differences could be observed viz., the rel-
atively greater ‘c’ (10.8–14.2 vs 8.2–12.9) and smaller ‘c'’ (2.6–4.0 vs 3.9–6.4) values; wider lip region (6–7 µm vs
4.5–5.5 µm) and above all a crooked [vs simple spinneret in P. geophilus apud Zell (1993)].

Plectus magadani Kuzmin, 1979
(Figs. 9, 10)

Measurements: Table 1.
Description. Adult: Body small to medium-sized, curved upon fixation, almost ‘C’-shaped, tapering towards

posterior end. Cuticle 1.0–1.5 µm thick; outer cuticle with fine striations nearly indiscernible in LM, inner cuticle
smooth. Somatic setae very few and sparse; 3 pairs in cervical region, projecting perpendicular to body surface. Lip
region slightly elevated, continuous with adjoining body. Lips amalgamated; inner labial sensilla inconspicuous,
outer labials papilliform not distinct in LM. Cephalic sensilla setose, 3 µm long, anteriorly directed, parallel to lon-
gitudinal body axis. Amphidial fovea ovoid with prominent ductus amphidialis, about 3 µm in diameter, located at
11 µm from anterior end. Stoma plectoid-type, tubular. Cheilostom weakly cuticularised, arched; gymnostom lon-
ger, cuticularised, slightly arched. Stegostom tapering posteriorly, broader at the anterior end, gradually narrowing
towards base. Pharynx comprising of a cylindrical corpus continuous with isthmus. Basal bulb elongate to ovoid,
moderately muscular, 20x15 µm in dimension having a parietinus-like grinder with six pairs of denticulate ridges;
post-bulbar extension offset from basal bulb, 8 µm long. Cardia inconspicuously separated from post-bulbar exten-
sion. Body at pharyngeal end ca 2.5 times lip diameters wide. Nerve ring located at about 53% of pharyngeal
length. Secretory-excretory pore posterior to nerve ring or at about 59% of pharyngeal length with the duct forming
a single loop before joining the renette cell. Intestine transparent, with wide lumen. A pair of oval- shaped pseudo-
coelomocytes of slightly less than corresponding body diameter in length, present posterior to cardia. Rectum with
heavily cuticularised walls, 0.9 times anal body diameter long. Anus a crescent-shaped slit. 

Female: Reproductive system didelphic, amphidelphic, ovaries reflexed antidromously on the dorsal side.
Spermatheca absent; crustaformeria not distinguishable. Vagina ca 1/3rd of corresponding body diameter in length
with folded inner walls forming epiptygmata; two pairs of sphincter muscles. Vulva nearly equatorial, vulval lips
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slightly protruded. Vulva-anus distance 215 µm. Tail 68 µm long, curved, about 5 times as long as the anal body
diameter or 32% of vulva-anus distance. Caudal setae three pairs including two subdorsal pairs and one lateral pair
pointing downward. Terminal seta 10 µm anterior to tail terminus. Three linearly arranged caudal glands opening
to exterior through 2 µm long spinneret; setose papillae surround the spinneret.

FIGURE 9. Plectus magadani Kuzmin, 1979. A: Female, entire. B: Anterior end. C: Pharyngeal region. D: Female reproduc-
tive system. E: Caudal region.
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FIGURE 10. Plectus magadani Kuzmin, 1979. A: En face view. B–E: Anterior end. F: Body region showing corpus-isthmus.
G: Body region showing posterior pharynx. H: Body region showing lateral alae. I: Female reproductive system. J, K: Caudal
region. L: Tail terminus (Scale bar = 5 µm).
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Male: not found.
Locality and habitat. A sample containing Plectus magadani was collected from a drain at Nainital,

Uttaranchal, India.
Voucher specimens. One female on slide Plectus magadani Kuzmin, 1979 NON/ 1–6 deposited in the Nem-

atode Collection, Department of Zoology, Aligarh Muslim University, Aligarh, Uttar Pradesh, India. [One female
was used for SEM study].

Salient characters. A small species with narrow but continuous lip region; lips with simple, smooth inner
ends; cephalic setae anteriorly directed, parallel to main body axis; amphidial fovea circular, at middle or posterior
to middle level of stoma; secretory-excretory duct conspicuous with turns, pharyngeal bulb weak with parietinus-
like grinder, vagina with epiptygmata and two pairs of sphincter muscles; tail spinneret surrounded by small papil-
lae.

Remarks. P. magadani has been reported from Africa (Egypt, Nigeria, Zaire, South Africa) and Europe (Bul-
garia, Czech Republic, Finland, Hungary, Poland, Romania, Russia, Spain). In the present paper, the two speci-
mens, the first report of the species from India, show conformity to P. magadani in all morphological and
morphometric characteristics (apud Zell, 1993) except the setose papillae surrounding spinneret observed by Scan-
ning Electron Microscope which are obviously not discernible in LM. 

Plectus communis Bütschli, 1873
(Figs. 11, 12)

Measurements: Table 1.
Description. Adult: Body slender, small to medium-sized, slightly arcuate upon fixation, tapering towards

extremities, more towards the posterior end. Cuticle 0.8–1.2 µm thick; outer and inner cuticles finely striated.
Somatic setae sparse, cervical setae 4 pairs, projecting perpendicular to body surface. Lip region slightly elevated
to truncate, continuous with adjoining body. Lips amalgamated; inner labial sensilla inconspicuous, outer labials
papilliform not discernible in LM. Cephalic sensilla setose, 3 µm long, directed anteriorly, parallel to main body
axis. Amphidial fovea circular, 3 µm in diameter, located at 10 µm from anterior end. Stoma plectoid type, tubular.
Cheilostom weakly cuticularised, with posteriorly converging walls; gymnostom parallel-walled, cuticularised.
Stegostom slightly tapering with abrupt narrowing at base. Pharynx comprising of a cylindrical corpus continuous
with isthmus. Basal bulb elongate to ovoid, moderately muscular, 20x15 µm in dimension having a valvular appa-
ratus with six pairs of denticulate ridges; post-bulbar extension 10 µm long. Cardia inconspicuously separated from
post-bulbar extension. Body at pharyngeal end ca 2.5 times lip diameters wide. Nerve ring encircling pharynx at
53% of pharyngeal length. Secretory-excretory pore slightly posterior to nerve ring, at 59% of pharyngeal length
with the duct forming two loops before joining the renette cell. Intestine with wide lumen. The rectum is 20 µm
long. . A pair of oval shaped pseudocoelomocytes ca 0.7 times corresponding body diameter long, located posterior
to cardia. Rectum thin-walled, 0.8–0.9 times anal body diameter long. Anus a crescent-shaped slit. 

Female: Reproductive system didelphic, amphidelphic; ovaries reflexed antidromously on the dorsal side.
Anterior ovary on the left and posterior on the right side of intestine. Spermatheca absent; crustaformeria promi-
nent. Vagina anteriorly directed, ca 30% of corresponding body diameter in length with folded inner walls forming
a weak epiptygmata; provided with two pairs of sphincter muscles. Vulva nearly equatorial transverse slit, vulval
lips not protruded. Vulva-anus distance 200 µm. Tail long, largely straight to slightly curved, ca 31% of vulva-anus
distance long. Caudal setae five including one subventral pair and one lateral pair, pointing downward. Terminal
seta 15 µm anterior to tail terminus. Three linearly arranged caudal glands opening to exterior through 2 µm long
spinneret without any surrounding papilla.

Male: Not found. 
Locality and habitat. A sample containing Plectus communis was collected from a small ditch at Nainital,

Uttaranchal, India.
Voucher specimens. One female on slide Plectus communis Bütschli, 1873 NON1/ 1 deposited in the Nem-

atode Collection, Department of Zoology, Aligarh Muslim University, Aligarh, Uttar Pradesh, India. [One female
was used for SEM study].
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Salient characters. A small, species with conspicuous cuticular striations; continuous, slightly elevated lip
region; lips with simple, smooth inner ends; cephalic setae anteriorly directed, parallel to main body axis; amphid-
ial fovea circular, at middle level of stoma; secretory-excretory duct conspicuous with turns, pharyngeal bulb weak
with parietinus-like grinder, vagina with epiptygmata and two pairs of sphincter muscles, tail spinneret simple.

Remarks. The present population of P. communis, reported for the first time from India, conforms to previ-
ously described populations of P. communis in most morphological and morphometric characteristics. However,
some minor differences were observed viz., absence of males [vs males reported in P. communis apud Zell, (1993)].

FIGURE 11. Plectus communis Butschli, 1873. A: Female, entire. B: Anterior end. C: Pharyngeal region. D: Female repro-
ductive system. E: Caudal region.
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FIGURE 12. Plectus communis Butschli, 1873. A–D: Anterior end. E, F: Body region showing posterior pharynx. G, H: Body
region showing lateral alae. I: Female reproductive system. J, K: Caudal region. L: Tail terminus (Scale bar = 5 µm).
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FIGURE 13. Variation in basal pharyngeal bulb and associated structures in Plectus spp. A–E: P. geophilus de Man, 1880. F–
H: P. aquatilis Andrássy, 1985. I–M: P. parvus Bastian, 1865. N: P. minimus Cobb, 1893. O: P. magadani Kuzmin, 1979. P: P.
communis Butschli, 1873.
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On the taxonomy of the genus Plectus

The taxonomic placement of Plectidae has been a matter of discussion for years. In the past, the taxon has been
placed in the Class Adenophorea. However, few taxonomists (Maggenti, 1963; Paramonov, 1964) noted the simi-
larities between plectids and rhabditids (placed under Class Secernentea) in a number of characters viz., presence of
a deirid, cylindrical stoma with jointed rhabdions, pharynx with corpus, isthmus and basal bulb holding a valvular
apparatus, long and cuticularised excretory duct, rectal glands and meromyarian somatic musculature. Fürst von
Lieven (2003) suggested a common origin of the “grinder” (= valvular apparatus) in the basal bulb of Plectidae,
Rhabdtidae and Cephalobidae. The saprobiotic affiliations and a bacteriovorous habit of both taxa further indicate
some convergence. However, plectids show differences from rhabditids in having double genital primordia. In the
old scheme of classification Plectidae was placed under the Class Adenophorea along with dorylaimid, mononchid,
chromadorid and enoplid taxa. In molecular-based phylogenetic analyses (De Ley & Blaxter, 2002; 2004), the
taxon enjoys a sister-group relationship with rhabditids (placed under Secernentea in earlier schemes) and is placed
in the Class Chromadorea that also holds other taxa earlier placed under Secernentea. It has been lately demon-
strated that Plectidae share a number of embryonic similarities with these representatives, including Caenorhabdi-
tis elegans (Maupas, 1900) Dougherty, 1955, but not with the groups earlier lodged in Adenophorea and now
largely considered under Class Enoplea, thus supporting conclusions concerning their phylogenetic position drawn
from molecular data. However, some developmental differences viz., generation of a prominent early bilateral sym-
metry and a very early start of gastrulation with immigration of a single gut precursor cell, suggest an early separa-
tion of Plectidae from its sister groups. 

Plectus Bastian, 1865 is one of the most widely-distributed, polytypic nematode taxa in continental habitats
(Zell, 1993) including freshwater, soil, litter, moss, and rotting wood. It has even been reported from regions not
usually included within the limits of the biosphere (Borgonie et al., 2011). Most of the species of the genus are
cultured with relative ease, and as a result are widely used in research on metabolism (Klekowski et al., 1980),
environmental toxicology (Kammenga et al., 2001, Stürzenbaum et al., 2005), and developmental biology and
phylogenetics (Saverimuttu et al., 2000, Smythe & Nadler, 2006). A good number of studies have been carried out
on developmental biology of species of Plectus by different workers. The embryonic development of P. palustris
de Man, 1880 lasts from 68 to 680 h depending on temperature (Schiemer et al., 1980) while P. zelli Tahseen,
Ahmad & Jairajpuri, 1992 shows a relatively shorter embryogenesis time of 18–20 h and a generation time of 7–9
days at 26–30ºC (Tahseen et al., 1992). The cleavage patterns in Plectus were described for P. acuminatus Bastian,
1865, P. aquatilis and P. minimus (Lahl et al, 2003) whereas post-embryonic development has been studied in P.
zelli (Tahseen et al., 1992), P. parietinus Bastian, 1865, P. communis and P. decens Andrássy, 1985 (Holovachov,
2004). Despite the extensive work and numerous comprehensive keys given by taxonomists (Andrássy, 1984,
1985; Ebsary, 1985; Zell, 1993; Andrássy, 2005; Holovachov & De Ley, 2006), the identification of the species of
Plectus remains a difficult task. This is due to the fact that new species are described relatively frequently and that
identification is often complicated due to the lack of detailed species descriptions and the characterization of spe-
cies based on relatively inconsistent and variable characters by the early workers. Most of the species differentia-
tions are based on the allometric ratios and unreliable characters or minor qualitative discrepancies. For species of
more or less equal body lengths, the allometric values viz., ‘a’, ‘b’, ‘V’, stoma length, etc. usually overlap and are
difficult to differentiate. However, certain morphological characters, which appear to be relatively consistent or
reliable, are the nature of lateral alae; shape and arrangement of lips; shape and position of amphidial fovea; pres-
ence or absence of hypodermal glands; nature of secretory-excretory duct; type of valvular apparatus (Fig. 13);
presence or absence of epiptygmata; the number of sphincter muscles of the vagina; position of terminal caudal
seta; spinneret structure and associated papillae. The use of setotaxy, though considered important in identification
of Plectus (De Ley & Coomans, 1994), may not be judiciously used in most cases as setae may appear inconspicu-
ous against the granular background and are likely to be overlooked. Thus a good number of species of the genus
require reexamination to validate their status using a combination of more consistent and reliable characters. In this
regard, detailed SEM information can prove very useful, as also suggested by De Ley & Coomans (1994). Molecu-
lar studies can be an additional advantage in the identification of species; however, the connection of this informa-
tion to the description of every morphologically identified species is not possible and relatively a difficult task for
many taxonomists. On the contrary, the DNA sequences of an incorrectly identified species may lead to extreme
confusion and chaos. Thus, the characters considered as being important, consistent and diagnostic for the species,
can be summed up in the following amended diagnosis of the genus:
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Diagnosis (emended). Plectidae, Plectinae. Small- to large-sized nematodes ranging, from 0.3–2.0 mm in
length. Somatic setae distributed over the entire body. Hypodermal glands and body pores occasionally present. Lip
region usually continuous, rarely set off from adjoining body. Lips six, smooth or radially incised with inner ends,
simple obtuse, bifid or attenuated. Inner and outer labial sensilla papilliform, usually embedded in pits or radial
incisures. Cephalic sensilla setose, oriented parallel or perpendicular to main body axis. Amphidial fovea circular
to unispiral. Stoma plectoid, tubular. Pharynx with cylindroid corpus usually indistinguishable from isthmus, a
basal bulb with valvular apparatus having paired denticulate ridges and a post-bulbar extension. Secretory-excre-
tory duct prominently cuticularised, making several turns before joining the renette cell. Female genital system
didelphic-amphidelphic. Genital tract simple and relatively undifferentiated, usually devoid of spermatheca. Eggs
with smooth or spinose shell. Vagina usually perpendicular to main body axis, rarely anteriorly directed; provided
with one or two pairs of sphincter muscles; with or without epiptygmata. Rectum short to long, with cuticularized
and occasionally dilated lumen. Males with or without tubular supplements. Male and female tail usually with sub-
ventral and sub-dorsal rows of setae. Tail terminus with a simple or crooked spinneret, occasionally surrounded by
papillae.
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