
71

European Journal of Taxonomy 890: 71–114                                                         ISSN 2118-9773 
https://doi.org/10.5852/ejt.2023.890.2253                                       www.europeanjournaloftaxonomy.eu
                                                                             2023 · Mahboob M. et al.

This work is licensed under a Creative Commons Attribution License (CC BY 4.0).

R e s e a r c h  a r t i c l e

urn:lsid:zoobank.org:pub:F062C142-9DA5-464B-92F7-B05FCF4590F9

Comparative and cladistic analyses of the species of the genus 
Pelodera Schneider, 1866 (Rhabditidae: Nematoda) 

belonging to the coarctata group 

Mohammad MAHBOOB  1, Rehmat JAHAN 2 & Qudsia TAHSEEN  3,*

1,2,3 Nematode Research Laboratory, Department of Zoology, Aligarh Muslim University, 
Aligarh-202002, India.

* Corresponding author: qtahseen@gmail.com
1 Email: mohdmahboob05@gmail.com
2 Email: rehmatjahan786@gmail.com

1 urn:lsid:zoobank.org:author:2AC2EB4A-7235-4322-8297-B090AE9F3BF0
2 urn:lsid:zoobank.org:author:2478B909-293A-48A3-B56E-F8A0D0256591
3 urn:lsid:zoobank.org:author:CA060608-7296-45B6-BDC6-4BA557043268

Abstract. Three new species of the genus Pelodera Schneider, 1866 viz., P. indica sp. nov., P. adeeli sp. nov. 
and P. paratretzeli sp. nov. collected from dung beetles and P. cylindrica (Cobb, 1898) collected from soil 
samples, are described and illustrated. Pelodera indica sp. nov. is characterised by sexual dimorphism in 
anterior region, cupola-shaped tail with a spike; males having punctated, striated and lobed bursa with 
no genital papillae originating anterior to cloaca. Pelodera adeeli sp. nov. is characterised by coarsely 
annulated cuticle; relatively narrow stoma; tail conoid without spike; males with punctated, lobed bursa 
and nine pairs of genital papillae arranged in a 2/1+2+P+3+1 confi guration. Pelodera paratretzeli 
sp. nov. is characterised by sexual dimorphism in anterior region, stoma wide with three well-developed 
metastegostomal denticles; tail cupola-shaped with a long spike; males having spicules fused distally 
up to 12–14% of spicule length; bursa peloderan, anteriorly closed and punctated with nine pairs of 
genital papillae arranged in a 3/2+P+3+1 confi guration. Pelodera cylindrica is described with additional 
details. The comparative analysis as well as phylogenetic relationship of the species belonging to the 
coarctata group have been elaborated by incorporating scanning electron microscopic observations. 
Information on the biogeographical distribution has also been provided.
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Introduction
The genus Pelodera was proposed by Schneider in 1866 mainly based on its peloderan bursa in 
contrast to the genus Leptodera Dujardin, 1845, which was raised for the species with a leptoderan 
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bursa. Out of four new species, Pelodera strongyloides (Schneider, 1860), P. teres, P. papillosa and 
P. pellio, P. strongyloides was designated as type species based on its conspicuous lip region; three 
setose metastegostomal denticles; female tail cupola-shaped; spicules fused at the distal end and bursa 
anteriorly closed.

Osche (1952) considered Rhabditis Dujardin, 1844 as a genus representing the subgenera Rhabditis, 
Choriorhabditis, Teratorhabditis, Caenorhabditis, Mesorhabditis, Telorhabditis, and Protorhabditis. 
Furthermore, he categorised the subgenus Rhabditis into four groups viz., teres, lambdiensis, coarctata 
and cylindrica. Dougherty (1953) did not agree with Osche’s scheme and considered Pelodera, Cruznema 
Artigas, 1927, Coarctodera Dougherty, 1953 and Cylindrodera Dougherty, 1953 as full-fl edged 
genera. However, Andrássy (1984), by following Dougherty’s (1953) scheme, considered Pelodera as 
a genus. Afterwards, Sudhaus & Fitch (2001), while working on the phylogeny and systematics of 
the family Rhabditidae, considered Pelodera as a subgenus of Rhabditis and categorised it into two 
major species groups viz., the coarctata and teres groups. The teres group was further divided into teres 
and strongyloides subgroups based on the presence or absence of a pharyngeal sleeve, the number of 
precloacal papillae and the extent of fusion of the spicules.

Later, Sudhaus (2011) published a catalogue on the family Rhabditidae and reinstated Pelodera as a 
genus. He synonymised Coarctodera and Cylindrodera with Pelodera and provided a list of 24 valid 
species placed under the species groups (coarctata, strongyloides and teres groups).

The present paper provides the description based on light and scanning electron microscopic studies of 
three new entomophilic species, Pelodera indica sp. nov., P. adeeli sp. nov. and P. paratretzeli sp. nov. 
isolated from dung beetles and a known species, P. cylindrica (Cobb, 1898), extracted from the soil. 
A morphology-based cladistic analysis of the genus Pelodera (coarctata-group) was performed to 
resolve the exact status of the species and their relationships.

Material and methods
Collection and isolation/extraction of nematodes
During a survey of insect-associated nematodes, the dung beetles, Catharsius molossus (Linnaeus, 1758) 
and Onthophagus ramosus (Wiedemann, 1823) were collected from the Terai region (Sidhharthnagar 
and Gonda districts of Eastern Uttar Pradesh), while Digitonthophagus bonasus (Fabricius, 1775) 
was collected from the district Aligarh. The collected insects were brought to the laboratory in plastic 
vials, washed with distilled water, incised and plated on NGM (Nematode Growth Medium) plates. 
The nematodes were extracted from soil samples by Cobb’s (1918) sieving, decantation, and modifi ed 
Baermann’s funnel techniques (Baermann 1917). 

Light microscopy
For light microscopic observations, the nematodes were fi xed in 4% formaldehyde, processed to 
anhydrous glycerin (Seinhorst, 1959), and mounted on glass slides using the wax ring method (De 
Maeseneer & D’Herde 1963). The nematodes were measured with an ocular micrometer, illustrated 
using a drawing tube, and photographed by a Jenoptik ‘ProgRes’ digital camera attached to an Olympus 
BX-51 DIC microscope. 

Scanning electron microscopy
For scanning electron microscopic observations, the methodology of Mahboob et al. (2021) was 
followed. In brief, nematodes were fi xed in SEM fi xative for 24 hours, washed in phosphate buffer, and 
dehydrated in an ethanol series. The dehydrated nematodes were dried in a Critical Point Dryer (CPD) 
using CO2. The nematodes were mounted on a stub on double-sided adhesive tape and coated with 
10 nm gold before observing at 10 kV under a scanning electron microscope, model JEOL XL30 FEG.
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Cladistic analysis
Characters and character states

Twenty-two morphological characters as listed in Appendix 1 were selected for the analysis. All the 
characters were important and informative with context to the differentiation of species of Pelodera. The 
characters were ranked based on the commonality principle. Character state ‘0’ represented the most 
commonly occurring trait. A data matrix (Appendix 2) was prepared using character states for different 
species of the genus. Owing to ancestral similarity, Rhomborhabditis stammeri (Völk, 1950) was taken 
as an outgroup. 

Data analysis
For the analyses, the phylogenetic tree was constructed for fourteen species containing 22 characters 
using MrBayes ver. 3.1.2 (Huelsenbeck & Ronquist 2001). The Jukes-Cantor (JC) model was selected 
for the analysis. The analysis was run with the Markov Chain Monte Carlo (MCMC) for 1 × 200 000 
generations. Markov chains were sampled at intervals of 100 generations (Larget & Simon 1999). 
The samples of every 100 generations were discarded as “burn-in” and the consensus tree with a 50% 
majority rule was used for analysis. The tree was visualized and edited in FigTree ver. 1.4.0 (Rambaut 
2012). 

Deposition of specimens
One male paratype and one female paratype each of P. indica sp. nov., P. adeeli sp. nov., and P. paratretzeli 
sp. nov. and specimens of P. cylindrica were deposited in the Nematode Collection of the Zoological 
Survey of India (ZSI), Kolkata, whereas the remaining paratypes and holotypes of the above-mentioned 
species were deposited in the Nematode Collection, Department of Zoology, Aligarh Muslim University 
(AMU/ZD/NC), India.

Results
Systematics and taxonomy

Phylum Nematoda Potts, 1932
Class Chromadorea Inglis, 1983

Order Rhabditida Chitwood, 1933
Suborder Rhabditina Chitwood, 1933

Infraorder Rhabditomorpha De Ley & Blaxter, 2002
Family Rhabditidae 1 Örley, 1880

Genus Pelodera Schneider, 1866

Type species
Pelodera strongyloides (Schneider, 1860).

Diagnosis
Body medium-large sized. Cuticle annulated, with or without punctations. Sexual dimorphism often 
exists with female having offset, distinctly expanded lip region. Lips six, globular, well-separated; labial 
sensilla papilliform. Amphids labial with small openings. Stoma with distinguishable or indistinguishable 

1 De Ley & Blaxter (2002, 2004) considered the superfamily Mesorhabditoidea parallel to Rhabditoidea 
based on the molecular sequences of selected taxa. Sudhaus (2011) following a comprehensive 
analysis of taxa recognized family Rhabditidae as a paraphyletic group, thus including all the taxa of 
Mesorhabditoidea. Sudhaus’s (2011) concept of Rhabditidae has been accepted.
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pharyngeal collar. Glottoid apparatus conspicuous, with well-developed, setose denticles. Pharynx well-
developed, highly muscular with prominent metacorpal swelling and a muscular, rounded to ovoid basal 
bulb. Rectum with or without a dilated lumen. Rectal glands distinguishable or not distinguishable. 
Reproductive system didelphic, amphidelphic with paired ovaries. Oocytes with prominent nuclei, 
arranged in multiple rows around the rachis at distal end. Uterus divided into well-developed glandular 
and muscular parts. Intra-uterine eggs often present. Vagina thick-walled. Vulva transverse slit with 
protruded lips. Male with spicules distally fused. Gubernaculum slender, trough-shaped. Genital papillae 
nine pairs. Bursa peloderan, anteriorly closed or open, with or without punctations. Tail elongate-conoid 
to cupola-shaped, with or without spike. Phasmidial opening conspicuous.

Pelodera indica sp. nov.
urn:lsid:zoobank.org:act:AE90DC74-C667-4E6B-AE39-D400BF61F43A

Figs 1–3, 13–15; Tables 1, 5–6; Appendices 1–2

Diagnosis
The new species Pelodera indica sp. nov. is characterized by transversely and longitudinally striated 
cuticle; sexual dimorphism in anterior region with females having conspicuously expanded, offset lip 
region; lips distinctly separated with tapering ends directed towards oral aperture; laterals larger than 
submedians; stoma wide, having three strong setose denticles on each metastegostomal plate; secretory-
excretory pore at level of basal bulb or cardia; distal end of ovaries reaching up to vulva, often crossing 
each other; bursa peloderan, anteriorly closed; velum punctated with two deep grooves on either side; 
genital papillae nine pairs, compactly placed arranged in 0/1+1+1+1+1+P+3+1 confi guration; without 
any gap between pre- and post cloacals; GP1 anteriorly directed with base located at level of posterior 
cloacal lip; GP1, GP4 and GP9 opening dorsally; genital papillae GP6–8 basally fused.

Etymology
The species name is derived from the name of the country ‘India’.

Material examined
Holotype

INDIA • ♂; Eastern Uttar Pradesh, Terai region, District Sidhharthnagar; 27°08′37.38″ N, 82°38′59.65″ E; 
309 m a.s.l.; isolated from the elytra (front wing) of dung beetles Catharsius molossus (Coleoptera: 
Scarabaeidae) (the beetle specimens were destroyed due to dissection/excision); AMU/ZD/NC slide no. 
Pelodera indica sp. nov./NIT/ctrs/1.

Paratypes
INDIA • 9 ♂♂ , 9 ♀♀, 5 juvs; same collection data as for holotype; AMU/ZD/NC slide no. Pelodera 
indica sp. nov./NIT/ctrs/2–15.

Description
Adult

Body medium-sized, almost straight to slightly ventrally arcuate, tapering at both extremities. Cuticle 
1 μm thick, fi nely annulated, with fi ne longitudinal lines and inconspicuous punctations. Lip region 
showing sexual dimorphism, with females having 2.5–3.0 times as wide as high, offset lip region more 
expanded than in males. Lips six, globular, distinctly separated with tapering ends projecting into 
stomal cavity; lateral lips larger than submedians. Labial sensilla papilliform. Amphids labial with small 
openings indiscernible under LM. Stoma well-developed, posteriorly widened, ca 3–4 times as long as 
wide or 13.1–13.4% of pharyngeal length. Cheilostom small, rod-shaped, cuticularized. Gymnostom 
with parallel walls, strongly cuticularized. Stegostom covering about 45–46% of stoma from its base. 
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Fig. 1. Pelodera indica sp. nov., paratypes (AMU/ZD/NC slide no. Pelodera indica sp. nov./NIT/
ctrs/2–15). A. Entire female. B. Entire male. C. Female anterior region. D. Female pharyngeal region. 
E. Female reproductive system. F. Female posterior region. G. Male posterior region (lateral view). 
H. Male posterior region (ventral view). I. Spicule (lateral view). Scale bars = 25 μm.



European Journal of Taxonomy 890: 71–114 (2023)

76

Metastegostom anisoglottoid, relatively widened with three strongly developed, thorn-like setose 
denticles on each plate. Telostegostom heavily cuticularized. Pharynx well-developed, highly muscular, 
divided into 65–70 μm long corpus with prominent metacorpal swelling, a slightly narrower 39–49 μm 
long isthmus, and a muscular, rounded to ovoid basal bulb of 26–31 μm × 25–28 μm dimension with 
a well-developed grinder and two-chambered haustrulum. Nerve ring encircling posterior region of 
isthmus at ca 71–82% of pharyngeal length. Secretory-excretory duct opening at level of basal bulb, at 
ca 82.8–98.2% of pharyngeal length. Intestine with wide lumen, often dilated at anterior and posterior 
ends to form bacterial pouches with intestinal epithelium thinning out in the region; intestinal lumen 
refractive. Rectum 20–26 μm long, shorter than anal body diameter often with dilated lumen; rectal 
glands distinct. A thick-walled, conspicuous pre-rectal pouch observed in one specimen.

Female
Reproductive system didelphic, amphidelphic; ovaries paired, lateroventrally refl exed with distal parts 
often crossing each other. Oocytes with prominent nuclei, arranged in multiple rows around rachis 
towards distal end. Spermathecae fi lled with stacked spermatozoa. Each uterus divided into well-
developed glandular and muscular parts; two pairs of glandular cells opening at proximal end of vagina. 
Intra-uterine eggs about 6–10, linearly arranged end to end or obliquely placed. Vagina thick-walled. 
Vulva transverse slit with protruded vulval lips. Tail cupola-shaped with a moderately developed spike 
of ca ½ of tail length. Phasmids opening laterally at level or just posterior to anus.

Male
Similar to female in general morphology except for relatively narrower lip region and body having 
greater ventral curvature posteriorly. Lip region narrow, continuous, or slightly offset from body contour. 
Lips relatively smaller than those of female, laterals larger than submedians. Testis single, dorsally or 
laterally refl exed, on right side of intestine. Spermatocytes arranged in multiple rows; seminal vesicle 
separated from vas deferens by a deep constriction. Tail conoid, tapering posteriorly to an acute terminus. 
Spicules with rounded capitulum, narrow neck and slender shaft, fused distally up to 24–28% of total 
length. Gubernaculum slender, trough-shaped, 37–51% of spicule length. Genital papillae nine pairs, 
evenly spaced and arranged in 0/1+1+1+1+1+P+3+1 confi guration, without any gap in between. GP1 
slender, directed towards anterior edge of bursa, with base located at posterior cloacal lip or beyond. 
GP2 relatively plump. GP1, GP4 and GP9 opening dorsally. Bursa well-developed, anteriorly closed, 
transversely and longitudinally striated with dot-like punctations. Anterior bursal rim close to cloacal 
opening, bursal velum appearing lobed under LM, forming two deep grooves at GP2 and GP5. Phasmids 
relatively plump and shorter, located in between GP5 and group of GP6–8. Genital papillae GP6–8 
basally fused.

Dauer/phoretic juvenile 
Body often straight or slightly ventrally arcuate upon fi xation. Cuticle thin, ca 0.1–0.5 μm. Lateral 
fi eld inconspicuous. Lip region continuous. Lips amalgamated, not differentiated into six separate 
lips. Oral aperture covered by a highly sclerotized cuticular plug. Stoma long, narrow, ca 5–6 times 
as long as wide. Metastegostomal swellings with faintly visible denticles. Pharynx weakly developed 
with slender procorpus 42–56 μm long; a swelling metacorpus 11–15 × 10–12 μm in dimension and a 
narrow, long, isthmus of 25–36 μm, expanded posteriorly to an oval basal bulb 15–25 × 12–17 μm in 
dimension, having weakly-developed grinder. Nerve ring encircling mid or posterior region of isthmus. 
Secretory-excretory duct inconspicuous. Cardia short, conoid. Rectum shorter than anal body diameter. 
Rectal glands inconspicuous. Phasmidial aperture inconspicuous. Tail long, conoid, ending with a sharp, 
pointed tip.
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Fig. 2. Pelodera indica sp. nov., paratype, ♀ (AMU/ZD/NC slide no. Pelodera indica sp. nov./NIT/
ctrs/2–15). A–B. En face view (scanning electron microscopy). C. Anterior end. D. Posterior pharyngeal 
region. E. Vulval region with anterior genital branch (lateral view). F. Anterior genital branch. 
G. Posterior genital branch. H. Vulval region. I–J. Tail. Scale bars = 10 μm.
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Fig. 3. Pelodera indica sp. nov., paratype, ♂ (AMU/ZD/NC slide no. Pelodera indica sp. nov./NIT/
ctrs/2–15). A. Anterior region (scanning electron microscopy). B. Anterior end. C. Anterior pharyngeal 
region. D. Posterior pharyngeal region. E. Ovarian fl exure of anterior genital branch. F–H. Posterior 
region showing spicules and gubernaculum. I–L. Tail region showing bursa and genital papillae 
(scanning electron microscopy). Scale bars = 10 μm.
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Table 1. Morphometric data of adult and dauer/phoretic juveniles of Pelodera indica sp. nov. 
Measurements are in μm and in the form: mean ± standard deviation (range).

Character Holotype
♂ Paratypes ♂♂ Paratypes ♀♀ Dauer/phoretic 

juveniles 

n – (10 ♂♂) (10 ♀♀) (5 juvs)

Body length 670 668.7 ± 44.3 (591–727) 934.3 ± 76.2 (849–1065) 516.2 ± 57.2 (404–570)

Body diam. 40 40.3 ± 3.5 (33– 45) 58.9 ± 7.5 (50–72) 29.7 ± 3.4 (26–34)

a 16.7 16.6 ± 1.9 (15.4–22.0) 16.0 ± 1.7 (13.7–18.6) 17.5 ± 1.7 (15.5–19.6)

b 4.6 4.5 ± 0.4 (4.1–5.3) 5.7 ± 0.4 (5.5– 6.2) 4.6 ± 0.4 (4.0–5.0)

c 16.7 15.7 ± 1.4 (13.8–18.1) 17.6 ± 2.0 (14.7–21.1) 5.8 ± 0.3 (5.4–6.2)

c’ 1.4 1.5 ± 0.1 (1.4–1.7) 1.5 ± 0.2 (1.1-1.8) 5.0 ± 0.3 (4.4–5.4)

V/T 71.6 78.0 ± 7.3 (71.6–96.2) 61.1 ± 2.2 (55.5–63.2) –

G1 – – 55.7 ± 7.6 (48.6–69.4) –

G2 – – 46.1 ± 8.3 (35.2–63.4) –

Lip region height 5 5.4 ± 0.5 (5–6) 6.5 ± 1.0 (5–8) 3.3 ± 0.5(3–4)

Lip region diam. 16 14.3 ± 0.7 (14–16) 17.0 ± 0.9 (16–19) 9.7 ± 0.5 (9–10)

Stoma length 23 24.4 ± 1.4 (22–27) 26.7 ± 1.8 (24–29) 20.3 ± 1.6 (19–23)

Stoma diam. 7 6.1 ± 0.3 (6–7) 7.0 ± 0.7 (6–8) 3.7 ± 0.8 (3–5)

Pharynx length 143 145 ± 5.7 (137–154) 162.9 ± 7.0 (154–175) 111.7 ± 10.2 (100–130)

Nerve ring from anterior 
end 110 109.2 ± 6.0 (102–122) 127.5 ± 9.1 (110–145) 85.7 ± 2.5 (83–90)

Secretory-excretory pore 
from anterior end 140 133.7 ± 10.1 (113–152) 157.2 ± 8.4 (145–172) –

Rectum length 36 41.4 ± 4.6 (35–50) 23.7 ± 2.1 (20–26) 23.3 ± 2.6 (19–26)

Anal body diam. 28 26.5 ± 1.4 (24–29) 35.8 ± 3.6 (32–42) 18.0 ± 2.0 (16–21)

Vulva–Anus distance – – 338.3 ± 42.7 (290–425) –

Egg length – – 55.3 ± 4.8 (45–68) –

Egg diam. – – 38.2 ± 3.8 (35–45) –

Spicule length 52 52.2 ± 3.2 (45–57) – –

Gubernaculum length 21 20.9 ± 2.2 (17–24) – –

Tail length 40 42.9 ± 2.8 (40–46) 53.8 ± 7.6 (41-62) (89.2 ± 11.7 (70–105)
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Remarks
Pelodera indica sp. nov. comes closer to P. cylindrica  (Cobb, 1898) in most of the morphometric and 
morphological characters but differs in having females with smaller c (14.7–21.1 vs 38.6–70.9) and 
greater c’ (1.1–1.8 vs 0.5–0.6) values; tail cupola-shaped (vs hemispheroid) with (vs without) spike and 
males with spicules having rounded (vs elongated) capitula, fused up to 24–28% (vs 15–20%) at distal 
end; bursa lobed (vs not lobed in P. cylindrica fi de Sachs (1950), Völk (1950) and Osche (1952)).

The new species resembles P. isociensis (Maupas, 1916) in most morphometric characters but differs in 
having smaller females (849–1065 μm vs 1214–1830 μm); smaller c (14.7–21.1 vs 30.3–57.3) value; 
tail spike as long as (vs one third) of anal body diameter; males with GP2 and GP3 relatively closer (vs 
spaced in P. isociensis fi de Sachs (1950)).

The new species also differs from P. tretzeli (Sachs, 1950) in having females with smaller body (849–
1065 μm vs 1543–3327 μm); smaller b (5.1–6.2 vs 8.1–11.9) and c (14.7–21.1 vs 28.4–33.1) values; 
phasmids present at level of (vs posterior to) anus; males with smaller c (13.8–18.1 vs 28.4–35.6) value; 
larger spicules (45–57 μm vs 32–39 μm); pre cloacal genital papillae absent (vs present); GP3 close 
to (vs distant from) GP4; bursa with two notches (vs one notch) and anterior rim of bursa close to (vs 
distant from cloacal opening in P. tretzeli fi de Sachs (1950)).

Pelodera indica sp. nov. differs from P. voelki (Sachs, 1950) in having females with smaller body (849–
1065 μm vs 1470–3610 μm), smaller b (5.1–6.2 vs 7.6–9.6) and c (14.7–21.1 vs 25.8–36.3) values; 
males having smaller body (591–727 μm vs 885–1625 μm), and relatively smaller b (4.1–5.3 vs 5.3–6.1) 
and c (13.8–18.1 vs 21.6–26.7) values; smaller spicules (45–47 μm vs 51–70 μm); genital papillae 
compactly placed (vs spaced); pre cloacals absent (vs present); GP2 relatively plump (vs slender); GP2 
and GP3 closely (vs distantly) placed; anterior bursal rim just ahead of cloaca (vs distant from cloaca in 
P. voelki fi de Sachs (1950)).

The new species differs from P. aligarhensis Tahseen et al., 2014 in having females with relatively 
larger body length (849–1065 μm vs 688–841μm); greater b (5.1–6.2 vs 3.9–4.6) and relatively smaller 
c (14.7–21.1 vs 22.1–41.2) values; longer tail spike (20–31 μm vs 5.9 μm); males with larger spicules 
(45–57 μm vs 30–38 μm); anterior bursal rim just anterior to (vs distant from) cloacal opening; pre 
cloacal genital papillae shifted (vs not shifted) posterior to cloaca; genital papillae not arranged in 
groups (vs arranged in three groups in P. aligarhensis).

Pelodera adeeli sp. nov.
urn:lsid:zoobank.org:act:40B1FCCA-69E5-4C95-957D-3B40DD68E7F2

Figs 4–6, 13–15; Tables 2, 5–6; Appendices 1–2

Diagnosis
The new species P. adeeli sp. nov. is characterized by the absence of sexual dimorphism in anterior 
region; cuticle transversely and longitudinally striated; lips equal, strongly offset with loose cuticular 
margins; stoma 4.5–5.0 times as long as wide with three well-developed, relatively small setose denticles 
on each metastegostomal plate; secretory-excretory pore located nearly at level of pharyngo-intestinal 
junction; distal ends of ovaries crossing each other; vulval lips strongly protruded; tail paedomorphic 
with retention of juvenile cuticle, conoid, regularly tapering to acute terminus; males with slender 
spicules, rounded capitulum, long neck, shaft fused distally; gubernaculum ca ⅓–¼ of spicule length; 
bursa peloderan, anteriorly closed and punctated with serrated margins, anterior rim of bursa distant 
from cloacal opening; genital papillae nine pairs: two pre cloacal and seven post cloacal pairs arranged 
in 2/1+2+Ph+3+1 confi guration with wide gap between GP2, GP3 and GP4.
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Etymology
The species name is given in honour of Mr Mohammad Adeel, the father of Mohammad Mahboob.

Material examined
Holotype

INDIA • ♂; Eastern Uttar Pradesh, Terai region, District Gonda; 27°08′37.38″ N, 82°38′59.65″ E; 309 m 
a.s.l.; isolated from the elytra (front wing) of dung beetle, Onthophagus ramoss (Wiedeman, 1823) 
(Coleoptera: Scarabaeidae) (the beetle specimens were destroyed due to dissection/excision); AMU/ZD/
NC slide no. Pelodera adeeli sp. nov./NIT/rpt/1.

Paratypes
INDIA • 3 ♂♂, 5 ♀♀, 5 juvs; same collection data as for holotype; AMU/ZD/NC slide no. Pelodera 
adeeli sp. nov./NIT/rpt/2–10.

Description
Adult 

Body medium-sized, obese, stout, almost straight, tapering at both extremities. Cuticle annulated, 2 μm 
thick with annules 1.0–1.5 μm wide at pharyngeal region and 3–4 μm wide at mid-body. Longitudinal 
striations relatively prominent, extending up to tail, crossed by transverse striation to form corn cob 
pattern. Sexual dimorphism indistinct in anterior region with lip region offset from body contour and 
2.5–3.0 times as wide as high. Lips six, equal-sized with loose margins, globular in shape, distinctly 
separated, containing slightly raised labial sensilla. Amphids labial with small, rounded apertures. Stoma 
well-developed, ca 4.5–5.0 times as long as wide or 13–14% of total pharyngeal length. Cheilostom 
highly cuticularized; gymnostom relatively narrower than stegostom; stegostom more than half of stoma 
length, surrounded by pharyngeal tissue at about 56.5–57.4% of stoma length; metastegostom with 
three prominent setose denticles on each swelling; telostegostom heavily cuticularized. Pharynx well-
developed, divided into muscular, 60–66 μm long, slender corpus, well-developed, highly muscular 
metacorpus of 22–26 × 21–25 μm dimension, and isthmus relatively narrower, 40–45 μm long, 
expanding posteriorly to form well-developed basal bulb of 27–32 × 24–26 μm dimension, having a 
grinder and double-chambered haustrulum. Cardia conoid, 5–7 μm long. Nerve ring encircling posterior 
region of isthmus at 67.8–68.7% of pharyngeal length from anterior end. Secretory-excretory duct 
usually opening posterior to pharynx at 96.2–105% from anterior end. Intestine with wide lumen, often 
anteriorly and posteriorly dilated to form bacterial pouches with intestinal epithelim thinning out in the 
region; intestinal lumen refractive. Rectum 24–28 μm long, approximately equal to anal body diameter, 
occasionally with dilated lumen. Tail paedomorphic, retaining larval cuticle, conoid in shape, ca twice 
of anal body diameter. Phasmids tubular, opening slightly posterior to anus.

Female
Reproductive system didelphic, amphidelphic; ovaries well-developed, paired, opposed, and 
lateroventrally refl exed, usually distal ends of ovaries extended beyond vulva, crossing each other. 
Oocytes with prominent nuclei arranged in multiple rows. Usually, two uterine eggs present at different 
stages of embryonation. Vagina thick-walled. Vulva rounded in shape with strongly protruded vulval 
lips, situated posterior to the mid-body or at 57.7–60.0% from the anterior end.

Male
Similar to female in general morphology except prominently curved posterior region. Testis single, 
dorsally refl exed, on right lateral side of intestine. Spermatocytes arranged in multiple rows. Seminal 
vesicle fi lled with spermatids continuing into vas deferens. Vas deferens narrowing posteriorly to form a 
narrow ejaculatory duct. A pair of ejaculatory glands present. Tail conical, ending in an acute terminus. 
Bursa well-developed, anteriorly closed, oval in shape, transversally and longitudinally striated with dot-
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Fig. 4. Pelodera adeeli sp. nov., paratypes (AMU/ZD/NC slide no. Pelodera adeeli sp. nov./NIT/
rpt/2–10). A. Entire female. B. Entire male. C–D. Female anterior end. E. Male lip region. F. Female 
pharyngeal region. G. Female reproductive system. H. Female posterior region. I. Male posterior region 
(lateral view). J. Male posterior region (ventral view). Scale bars = 25 μm.
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like punctations. Bursal margins crenate. Anterior bursal velum distant from cloacal opening. Spicules 
slightly ventrally curved, slender with rounded capitulum, narrow necks and conspicuous ventral conoid 
process, fused distally up to 20–22% of total length. Gubernaculum slender, trough-shaped, ca 22–25% 
of spicule length. Genital papillae nine pairs in 2/1+2+P+3+1 confi guration. Pre cloacals GP1 and GP2 
similar in shape and size, directed towards anterior velum of bursa. GP3 situated just posterior to cloaca. 
GP4, GP5 and phasmid closely placed while GP4 far from GP3. Phasmid relatively shorter and plump, 
GP6–8 basally fused, equal in shape and size. GP9 open dorsally, close to group of GP6–8.

Dauer/phoretic juvenile
Body straight, tapering at both extremities, more towards posterior region. Cuticle thin, ca 0.1–0.3 μm. 
Lateral fi eld with single line or incisor. Lip region continuous. Stoma long, narrow, ca 6–7 times as long 
as wide. Metastegostomal swellings weakly-developed with faintly visible small denticles. Pharynx 
well-developed with slender procorpus 38–45 μm long, a swollen metacorpus of 12–15 μm × 11–12 μm 
dimension and a narrow, long isthmus of 28–32 μm, expanded posteriorly to an oval basal bulb of 15–
17 μm × 12–12 μm dimension, having weakly-developed grinder. Nerve ring encircling mid-region of 
isthmus. Secretory-excretory duct inconspicuous. Bacterial chamber present. Rectum shorter than anal 
body diameter. Rectal glands prominent. Tail long, conoid, ending with fi liform tip.

Remarks
Pelodera adeeli sp. nov. comes closer to P. cylindrica (Cobb, 1898) in most morphometric and 
morphological characteristics but differs in sexual dimorphism absent (vs present); females having 
smaller c (12.5–17.2 vs 38.6–70.5) and greater c’ (1.7–2.1 vs 0.5–0.6) values; labial sensilla slightly 
raised (vs minute); metastegostomal denticles relatively smaller (vs larger); lip margins loose (vs 
defi ned); posteriorly located secretory-excretory pore 96.2–105.0% (vs 53–75%) of pharyngeal length; 
tail conoid (vs hemispheroid); males with pre cloacal genital papillae not shifted posteriorly (vs shifted 
posteriorly in P. cylindrica fi de Sachs (1950) and Völk (1950)).

The new species differs from P. par Andrássy, 1962 in having females with smaller a (11.6–13.9 vs 
18.5), b (4.2–5.4 vs 7.1) and c (12.5–17.2 vs 27.5) values; labial sensilla raised (vs minute); stegostom 
slightly (vs strongly) expanded; tail conoid (vs cupola-shaped); males with smaller a (13.4–16.8 vs 22.7) 
and c (15.6–19.4 vs 21.0) values; gubernaculum ca ⅓–¼ of spicule length (vs half of spicule length); pre 
cloacal genital papillae 2 pairs (vs 3 pairs in P. par).

The new species resembles P. cystilarva (Völk, 1950) but differs in having females with smaller body 
size (678–934 μm vs 1224–1744 μm); smaller b (4.2–5.4 vs 6.2–7.6) and c’ (1.7–2.1 vs 2.6–6.7) values; 
greater c (12.5–17.2 vs 7.5–9.1) value; stoma 4.5–5.0 times (vs 6–7 times) as long as wide; rectum 
approximately equal to (vs half or less than) anal body diameter; tail conoid (vs dome-shaped); males 
with smaller body (577–722 μm vs 880–1072 μm); greater a (13.4–16.8 vs 11.5–12.0) value; smaller 
b (4.0–4.8 vs 5.0–5.4) and c (15.6–19.4 vs 26.1–46.3) values; bursal velum expanded (vs relatively 
converging type in P. cystilarva fi de Völk (1950)).

Pelodera adeeli sp. nov. comes close to P. serrata (Körner in Osche, 1952) but differs in having females 
with smaller body size (678–934 μm vs 1148–1409 μm); smaller c (12.5–17.2 vs 37.0–50.7) value; 
secretory-excretory pore located at level of pharyngo-intestinal junction (vs at mid-level of isthmus); tail 
conoid (vs cupola-shaped); males with body shorter (577–722 μm vs 1067–1242 μm); relatively smaller 
b (4.0–4.8 vs 4.8–5.9) and c (15.6–19.4 vs 29.3–41.0) values; smaller spicules (37–50 μm vs 68–80 μm) 
and genital papillae GP3 and GP4 distantly positioned (vs closely placed in P. serrata fi de Körner in 
Osche (1952)).

The new species differs from P. voelki (Sachs, 1950) in having no sexual dimorphism (vs sexual 
dimorphism present); females with smaller body size (678–934 μm vs 1470–3610 μm); smaller b (4.2–
5.4 vs 7.6–9.6) and c (12.5–17.2 vs 25.8–36.3) values; metastegostomal denticles relatively small (vs 
long); stoma 4.5–5.0 times (vs 2.5–3.0 times) as long as wide; tail conoid (vs cupola-shaped); males 
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Table 2. Morphometric data of adult and dauer/phoretic juveniles of Pelodera adeeli sp. nov. 
Measurements are in μm and in the form: mean ± standard deviation (range).

Character Holotype
♂ Paratypes ♂♂ Paratypes ♀♀ Dauer/phoretic 

juveniles 

n – (4 ♂♂) (6 ♀♀) (5 juvs)

Body length 628 660.8 ± 70.5 (577–722) 834.1 ± 96.1 (678–934) 347.8 ± 50.3 (318–423)

Body diam. 42 44.5 ± 3.7 (42–50) 63.8 ± 10.2 (50–80) 26.3 ± 1.0 (25–27)

a 15.0 14.9 ± 1.4 (13.4–16.8) 13.1 ± 0.8 (11.6–13.9) 13.3 ± 2.4 (11.8–16.9)

b 4.5 4.6 ± 0.4 (4.0–4.8) 5.0 ± 0.4 (4.2–5.2) 3.4 ± 0.8 (2.9–4.5)

c 16.5 17.4 ± 1.7 (15.6–19.4) 14.6 ± 1.5 (12.5–17.2) 7.4 ± 1.8 (5.0–9.1)

c’ 1.5 1.4 ± 0.2 (1.2–1.6) 1.9 ± 0.1 (1.7–2.1) 2.9 ± 1.8 (1.8–5.7)

V/T 67.2 73.7 ± 4.8 (67.2–78.4) 59.2 ± 0.8 (57.7–60.0) –

G1 – – 57.0 ± 8.7 (41.5–64.5) –

G2 – – 50.8 ± 7.7 (36.1–57.4) –

Lip region height 7 8.3 ± 1.0 (7–9) 8.5 ± 0.5 (8–9) 2.3 ± 0.5 (2–3)

Lip region diam. 17 16.3 ± 1.5 (15–18) 20.1 ± 1.1 (19–22) 9.0 ± 0.0 (9–9)

Stoma length 20 19.5 ± 0.6 (19–20) 22.0 ± 0.6 (21–23) 15.5 ± 2.1(13–18)

Stoma diam. 4 4.0 ± 0.0 (4–4) 4.8 ± 0.4 (4–5) 2.3 ± 0.5 (2–3)

Pharynx length 139 145 ± 4.9 (139–149) 165.3 ± 5.2 (160–171) 102.5 ± 6.6 (93–108)

Nerve ring pore from 
anterior end 100 102.5 ± 6.1 (95–108) 113.6 ± 3.2 (110–116) 67.5 ± 2.1 (65–70)

Secretory-excretory pore 
from anterior end 135 138.3 ± 9.4 (127–149) 162 ± 11.0 (154–180) –

Rectum length 30 34.3 ± 4.3 (30–40) 25.2 ± 1.6 (24–28) 15.0 ± 0.0 (15–15)

Anal body diam. 26 26.8 ± 2.2 (25–30) 28.6 ± 2.5 (25–31) 18.5 ± 2.4 (15–20)

Vulva–Anus distance – – 283.1 ± 35.0 (218–314) –

Egg length – – 65.8 ± 2.6 (64–70) –

Egg diam. – – 22.8 ± 3.1 (22–28) –

Spicule length 47 44.8 ± 5.6 (37–50) – –

Gubernaculum length 10 9.8 ± 1.0 (9–11) – –

Tail length 38 38.0 ± 1.4 (37–40) 57.0 ± 5.6 (50–64) 50.8 ± 23.1 (35–85)
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Fig. 5. Pelodera adeeli sp. nov., paratype, ♀ (AMU/ZD/NC slide no. Pelodera adeeli sp. nov./NIT/
rpt/2–10). A–B. En face view (scanning electron microscopy). C. Anterior end. D. Anterior pharyngeal 
region. E–F. Posterior pharyngeal region. G. Reproductive system. H. Distal parts of ovaries. I. Vulval 
region (scanning electron microscopy). J. Tail region (scanning electron microscopy). K. Tail with old 
cuticle. L. Cuticular markings (scanning electron microscopy). Scale bars = 10 μm.
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Fig. 6. Pelodera adeeli sp. nov., paratype, ♂ (AMU/ZD/NC slide no. Pelodera adeeli sp. nov./NIT/
rpt/2–10). A. Anterior end. B. En face view (scanning electron microscopy). C. Pharyngeal region. 
D. Refl exed part of testis. E. Ejaculatory gland. F–H. Posterior region (lateral view). I. Posterior region 
(ventral view). J–L. Posterior region (scanning electron microscopy). Scale bars = 10 μm.
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shorter (577–722 μm vs 885–1625 μm), with relatively smaller a (13.4–16.8 vs 16.3–20.0), b (4.0–4.8 
vs 5.3–6.1) and c (15.6–19.4 vs 21.6–26.7) values; smaller spicules (37–50 μm vs 51–70 μm); genital 
papillae GP1 and GP2 distant (vs close) to cloaca and GP3 distant from GP4 (vs close to GP4 in P. voelki 
fi de Sachs (1950)).

The new species also differs from P. kolbi (Sachs, 1950) in not showing (vs showing) sexual dimorphism; 
females with smaller body length (678–934 μm vs 1185–1326 μm); smaller b (4.2–5.4 vs 5.9–7.9) and 
c (12.5–17.2 vs 21.9–27.9) values; greater c’ (1.7–2.1 vs 0.9–1.0) value; tail conoid (vs cupola-shaped); 
males with relatively smaller a (13.4–16.8 vs 16.1–18.1) value; genital papillae GP1 inside (vs outside) 
bursa; pre cloacal genital papillae (two pairs vs single pair); GP2 distantly ahead of cloaca (vs at level 
of cloaca) and GP4–5+P and GP6–8 arranged in groups (vs not arranged in groups in P. kolbi fi de Sachs 
(1950)).

Pelodera adeeli sp. nov. differs from the Indian species, P. aligarhensis Tahseen et al., 2014, in having 
sexual dimorphism absent (vs present); smaller a (11.6–13.9 vs 16.3–20.0) and c (12.5–17.2 vs 22.1–
41.2) values; relatively greater c’ (1.7–2.1 vs 0.8–1.4) value; labial margins wavy (vs compact); denticles 
relatively small (vs large); tail conoid (vs cupola-shaped); males with smaller a (13.4–16.8 vs 17.5–18.4) 
value; adcloacal papilla absent (vs present); GP3 distant (vs close to GP2 in P. aligarhensis). 

Pelodera paratretzeli sp. nov.
urn:lsid:zoobank.org:act:C4B7FC68-5CD4-4A07-8B72-E4B32459F209

Figs 7–9, 13–15; Tables 3, 5–6; Appendices 1–2

Diagnosis
Pelodera paratretzeli sp. nov. is characterized by conspicuous sexual dimorphism in anterior region 
with females having lip region strongly offset with well-developed, globular lips and males having lip 
region dome-shaped, continuous, with low, amalgamated lips; stoma 2.5–3.8 times as long as wide; 
metastegostom anisomorphic with three well-developed setose denticles on each sector; vulval lips 
not protruded, fl anked by cuticular fl aps; tail cupola-shaped with a long spike; spicules with rounded 
capitulum, long neck, fused up to 12–14% of spicule length; bursa peloderan, anteriorly closed and 
punctated; anterior bursal rim distant from cloacal opening; bursal velum lobed with a shallow groove 
at cloaca; genital papillae nine pairs: three pre cloacal and six post cloacals arranged in 3/2+Ph+3+1 
confi guration. GP1-3 closely placed. GP3 shorter than others. GP4, GP5 and relatively shorter and 
thickened phasmid forming a group, quite posterior to cloaca; GP6–8 basally fused, equal in shape and 
size.

Etymology
The species epithet ‘paratretzeli’ indicates its close similarity with P. tretzeli (Sachs, 1950).

Material examined
Holotype

INDIA • ♀; Uttar Pradesh, District Aligarh; 27°08′37.38″ N, 82°38′59.65″ E; 309 m a.s.l.; isolated from 
the elytra (front wing) of dung beetle, Digitonthophagus bonasus (Coleoptera: Scarabaeidae) (the beetle 
specimens were destroyed due to dissection/excision); AMU/ZD/NC slide no. Pelodera paratretzeli 
sp. nov./HS/AL/ST/BS/1.

Paratypes
INDIA • 5 ♀♀, 5 ♂♂, 5 juvs; same collection data as for holotype; AMU/ZD/NC slide no. Pelodera 
paratretzeli sp. nov./HS/AL/ST/BS/2–12.
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Description
Adult

Body medium-sized, plump, almost straight, with tapering ends. Sexual dimorphism conspicuous in 
anterior region. Cuticle with transverse and longitudinal striations and fi ne punctations. Lip region 
strongly offset from body contour and dilated, ca 2.6–3.2 times as wide as high. Lips globular, distinctly 
separated, with slightly raised labial sensilla. Amphids labial with small, elliptical apertures. Stoma 
well-developed, 2.5–3.8 times as long as wide or 11–14% of total pharyngeal length. Cheilostom highly 
cuticularized. Gymnostom with parallel walls. Stegostom surrounded by pharyngeal tissue up to half 
of stoma length. Metastegostom anisomorphic and most widened part of stoma, armed with three 
prominent setose denticles on each plate. Telostegostom heavily cuticularized. Pharynx well-developed, 
divided into 58–68 μm long corpus, a well-developed, muscular, strongly swollen metacorpus of 
18–28 × 20–26 μm; a relatively narrower, 40–53 μm long isthmus, and a well-developed basal bulb of 
18–28 μm × 18–24 μm, with a grinder and cuticularized double-chambered haustrulum. Cardia conoid, 
5–7 μm long. Nerve ring encircling anterior region of isthmus, just posterior to median bulb at 62.7–
67.1% of pharyngeal length. Secretory-excretory pore located posterior to nerve ring, at mid-level of 
isthmus or at 79.6–82.8% of total pharyngeal length from anterior end. Intestine showing a bacterial 
pouch just posterior to pharyngo-intestinal junction. In some individuals, an intestinal diverticulum 
representing shifted bacterial pouch was observed. Rectum, 0.5–0.7 times anal body diameter. Tail 
cupola-shaped, ca 1.5–1.7 times as long as anal body diameter. Spike covering more than half of total 
tail length. Phasmids opening at level of anus.

Female
Reproductive system didelphic, amphidelphic, ovaries well-developed, opposed and dorsally refl exed, 
distal ends reaching up to vulva. A coelomocyte present close to distal tip of each ovary, while another 
found close to refl exed part. Oocytes with prominent nuclei arranged in multiple rows distally. Oviducts 
not distinctly separated. Spermathecae elongated, fi lled with sperm. Uteri spacious, accommodating two 
to ten eggs at a time. Vagina cuticularized, thick-walled. Vulva equatorial, a transverse slit, with lips not 
protruded. Lateral cuticular vulval fl aps present.

Male
Sexually dimorphic with lip region dome-shaped, continuous with body contour. Lips weak, amalgamated, 
without a discernible identity. Pharynx relatively weak with moderately swollen metacorpus. Anterior 
region of intestine showing a small bacterial pouch. Testis single, dorsally refl exed, on right lateral side 
of intestine. Spermatocytes arranged in multiple rows. Seminal vesicle fi lled with spermatocytes leading 
to vas deferens. A pair of well-developed ejaculatory glands present. A coelomocyte present close to distal 
end of testis while another found close to refl exed part. Tail conoid, ending in an acute terminus. Bursa 
well-developed, anteriorly closed, transversally and longitudinally striated with dot-like punctations. 
Bursal velum lobed with a shallow groove at cloaca. Anterior bursal rim distant from cloacal opening. 
Spicules almost straight, slender with rounded capitulum, narrow neck and shaft fused distally up to 
12–14% of total length. Gubernaculum trough-shaped, ca 42.5–46.6% of spicule length. Genital papillae 
nine pairs, arranged in 3/2+Ph+3+1 confi guration with pre cloacals GP1 and GP2 forming a group along 
with very short GP3, nearly half the length of others. GP1, GP4 and GP9 opening dorsally outside bursa; 
GP4, GP5 and phasmid forming a group; phasmids relatively shorter and thickened, located in between 
GP5 and group of GP6. GP6–8 basally fused, equal in shape and size. GP9 dorsally oriented.

Dauer/phoretic juvenile 
Body almost straight, abruptly tapering posterior to anus. Cuticle with fi ne transverse striations. 
Lateral fi eld inconspicuous. Lip region continuous with amalgamated lips. Oral aperture covered with 
a cuticular plug. Stoma long, narrow, ca 5 times as long as wide. Metastegostomal swelling weakly 
developed, with faintly visible small denticles. Pharynx with a slender procorpus ca 40–52 μm long, an 
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Fig. 7. Pelodera paratretzeli sp. nov., paratypes (AMU/ZD/NC slide no. Pelodera paratretzeli sp. nov./
HS/AL/ST/BS/2–12). A. Entire female. B. Entire male. C. Female pharyngeal region. D. Female anterior 
end. E. Male anterior end. F. Female reproductive system. G. Female posterior region (lateral view). 
H. Male posterior region (lateral view).
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Table 3. Morphometric data of adult and dauer/phoretic juveniles of Pelodera paratretzeli sp. nov. 
Measurements are in μm and in the form: mean ± standard deviation (range).

Character Holotype
♀ Paratypes ♂♂ Paratypes ♀♀ Dauer/phoretic 

juveniles 

n – (6 ♀♀) (6 ♂♂) (6 juvs)

Body length 795 796.5 ± 84.6 (644–866) 532.5 ± 54.3 (483–639) 482.7 ± 29.6 (439–507)

Body diam. 52 54.0 ± 12.7 (38–77) 29.7 ± 2.7 (26–34) 23.7 ± 0.5 (23–24)

a 15.3 15.1 ± 2.2 (11.1–17.3) 18.0 ± 1.3 (16.7–19.7) 17.1 ± 1.7 (14.5–18.4)

b 5.1 5.1 ± 0.3 (4.8–5.5) 4.0 ± 0.3 (3.7–4.6) 3.9 ± 0.1 (3.7–4.0)

c 15.9 19.1 ± 1.9 (15.9–21.5) 18.9 ± 1.6 (17.2–21.3) 7.0 ± 0.6 (6.5–8.0)

c’ 2.0 1.7 ± 10.2 (1.5–2.0) 1.4 ± 0.1 (1.2–1.5) 3.7 ± 0.4 (3.1–4.3)

V/T 56.9 58.2 ± 2.7 (56.5–63.7) 66.2 ± 5.1 (59.4–73.6) –

G1 53.5 52.5 ± 3.1 (47.4–56.2) – –

G2 49.1 49.7 ± 5.1 (42.7–57.8) – –

Lip region height 5 5.0 ± 0.6 (4–6) – 3.0 ± 0.0 (3–3)

Lip region diam. 15 14.7 ± 1.0 (13–16) 11.8±1.3 (10.0–14.0) 9.0 ± 0.0 (9–9)

Stoma length 20 19.8 ± 0.4 (19–20) 16.3.0±0.8 (15–17) 17.5 ± 1.6 (15–19)

Stoma diam. 6 6.8 ± 1.2 (5–8) 5.3 ± 0.5 (5–6) 3.3 ± 0.5 (3–4)

Pharynx length 157 157.0 ± 13.7 (134–177) 132.3 ± 4.7 (127–139) 99.0 ± 8.0 (89–107)

Nerve ring from anterior 
end 105 99.5 ± 7.7 (90–111) 86.5 ± 6.8 (80–97) 71.0 ± 4.4 (65–75)

Secretory-excretory pore 
from anterior end 123 120.5 ± 11.0 (111–141) 105.8 ± 1.8 (103–108) –

Rectum length 15 15.2 ± 0.4 (15–16) 31.2 ± 1.5 (30–33) 15.0 ± 0.6 (14–16)

Anal body diam. 25 24.8 ± 2.9 (20–29) 20.5 ± 0.8 (20–22) 17.0 ± 0.6 (16–18)

Vulva–Anus distance 290.2 ± 33.0 (240–325) – –

Egg length 55 55.3 ± 4.7 (45–65) – –

Egg diam. 38 38.2 ± 3.8 (35–45) – –

Spicule length – – 33.7 ± 3.5 (30–40) –

Gubernaculum length – – 15.5 ± 1.0 (14–17) –

Tail length 50 42.2 ± 6.8 (30–50) 28.2 ± 1.8 (26–30) 110.8 ± 3.2 (105–114)
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Fig. 8. Pelodera paratretzeli sp. nov., paratype, ♀ (AMU/ZD/NC slide no. Pelodera paratretzeli sp. nov./
HS/AL/ST/BS/2–12). A. En face view (scanning electron microscopy). B. Anterior region (scanning 
electron microscopy). C–D. Anterior end. E. Anterior pharyngeal region. F. Posterior pharyngeal region. 
G–H. Female genital branch. I. Vulval region (scanning electron microscopy). J. Tail region (scanning 
electron microscopy). K. Posterior region. Scale bars = 10 μm.



European Journal of Taxonomy 890: 71–114 (2023)

92

Fig. 9. Pelodera paratretzeli sp. nov., paratype, ♂ (AMU/ZD/NC slide no. Pelodera paratretzeli sp. nov./
HS/AL/ST/BS/2–12). A. En face view (scanning electron microscopy). B. Anterior region (scanning 
electron microscopy). C. Anterior end. D. Anterior pharyngeal region. E–F. Posterior pharyngeal 
region. G. Refl exed testis. H–J. Posterior region (lateral view). K. Posterior region (scanning electron 
microscopy). Scale bars = 10 μm.
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oblong, ca 12–13 μm × 9–12 μm metacorpus, a narrow, ca 22–32 μm long isthmus and a pyriform, ca 
14–17 μm × 10–14 μm basal bulb, lacking valvular plate. Nerve ring encircling mid-region of isthmus. 
Secretory-excretory duct inconspicuous. Rectum faintly visible, ca equal to anal body diameter. 
Phasmidial aperture inconspicuous. Tail long, conoid, covered with hyaline sheath and ended with a 
sharp, pointed tip.

Remarks
Pelodera paratretzeli sp. nov. comes close to P. tretzeli (Sachs, 1950) in most morphological characters 
but differs in females having small-sized body (644–866 μm vs 1543–3327 μm); smaller b (4.8–5.5 vs 
8.1–11.9) and c (15.9–21.5 vs 28.4–33.1) values; metastegostom anisomorphic (vs isomorphic); rectum 
0.5–0.7 times (vs 0.3–0.4 times) anal body diameter; phasmids at level of anus (vs at base of wider part 
of tail); males with smaller body length (483–639 μm vs 636–758 μm); smaller b (3.7–4.6 vs 4.9–5.9), 
c (17.2–21.3 vs 28.4–35.6) and greater c’ (1.2–1.5 vs 0.7–0.8) values; spicules slender (vs slightly plump), 
having distinct neck (vs neck not demarcated); bursa with shallow groove (vs deep indentation) laterally 
at level of cloaca; genital papillae with slender bases (vs swollen bases in P. tretzeli fi de Sachs (1950)).

Pelodera cylindrica (Cobb, 1898)
Figs 10–15; Tables 4–6; Appendices 1–2

Rhabditis cylindrica Cobb, 1898: 296–321.
Rhabditis neuhausi Sachs, 1950: 323–366, fi g. 4.

Coarctadera cylindrica – Andrássy 1983: 113.

Pelodera serrata – Ali et al. 1973: 169–188 [not P. serrata (Körner in Osche, 1952)].
Pelodera icosiensis – Hussain et al. 2006: 55–62 [not P. icosiensis Maupas, 1916].

Emended diagnosis
Pelodera cylindrica (Cobb, 1898) is characterized by an obese, stout and almost straight body, tapering 
at anterior region; sexual dimorphism present in anterior region; cuticle fi nely annulated; lip region 
strongly offset from body contour and dilated approximately twice of its height; lips with small labial 
sensilla; stoma ca 2.5–3.0 times as long as its height; metastegostom with three setose denticles on 
each sector; rectum shorter than anal body diameter; tail short, hemispheroid, shorter than anal body 
diameter, lacking spike, often with a small mammellate peg or protrusion terminally; spicules with 
rounded capitulum, short, narrow neck and slender shaft, fused distally up to 24–25% of spicule length; 
gubernaculum ca 44.0–47.5% of spicule length; bursa peloderan, anteriorly closed, punctated; bursal 
velum lobed with three deep grooves at GP2, GP3 and GP5; anterior bursal rim close to cloacal opening; 
genital papillae nine pairs, arranged in 0/1+1+1+1+1+P+3+1 confi guration; pre cloacals shifted posterior 
to cloaca; GP1, GP4 and GP9 open dorsally outside the bursa; GP3–5 relatively close to each other, 
GP6–8 basally fused and phasmids shorter and thickened between GP5 and GP6. 

Material examined
INDIA • 5 ♂♂, 5 ♀♀, 6 juvs; Uttar Pradesh, Aligarh, Satha; 27°58′52″ N, 78°06′10″ E; extracted 
from soil samples contaminated by the discharges of sugar industry; AMU/ZD/NC slide no. Pelodera 
cylindrica/HL/AL/ST/SM/1–10.

Description
Adult

Body medium-sized, obese, stout, almost straight with tapering anterior region. Sexual dimorphism 
observed in anterior body region. Cuticle 1.0–1.5 μm thick, transversely annulated, interspersed 
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Fig. 10. Pelodera cylindrica Cobb, 1898 (AMU/ZD/NC slide no. Pelodera cylindrica/HL/AL/ST/
SM/1–10). A. Entire female. B. Entire male. C–F. Female anterior end. G. Male anterior end. H. Female 
reproductive system. I. Female tail (lateral view). J. Male tail (lateral view). K. Male tail (ventral view).
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Fig. 11. Pelodera cylindrica Cobb, 1898, female (AMU/ZD/NC slide no. Pelodera cylindrica/HL/AL/
ST/SM/1–10). A–B. En face view (scanning electron microscopy). C–E. Anterior end. F–G. Anterior 
pharyngeal region. H–I. Posterior pharyngeal region. J. Distal end of anterior and posterior genital 
branches. K. Vulval region (scanning electron microscopy). L. Uterine region. M–O. Tail end. Scale 
bars = 10 μm.
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Table 4. Morphometric data of adult and dauer/phoretic juveniles of Pelodera cylindrica (Cobb, 1898) 
Andrássy, 1972. Measurements are in μm and in the form: mean ± standard deviation (range).

Character Males Females Dauer/phoretic juveniles

n (6 ♂♂) (6 ♀♀) (6 juvs)

Body length 698.7 ± 104.2 (589–847) 913.0 ± 112.9 (805–1123) 417.2 ± 35.6 (348–442)

Body diam. 47.3 ± 9.1 (40–64) 88.2 ± 23.4 (50–123) 24.5 ± 1.4 (23–27)

a 14.9 ± 1.0 (13.2–16.0) 10.9 ± 2.6 (9.0–16.1) 17.1 ± 1.7 (14.5–18.4)

b 4.7 ± 0.4 (4.4–5.2) 5.2 ± 0.5 (4.8–6.0) 3.9 ± 0.1 (3.7–4.0)

c 18.3 ± 1.6 (16.4–21.1) 51.2 ± 10.1 (37.5–65.4) 7.0 ± 0.6 (6.5–8.0)

c’ 1.4 ± 0.1 (1.2–1.5) 0.6 ± 0.2 (0.4–0.8) 3.7 ± 0.4 (3.1–4.3)

V/T 65.4 ± 6.9 (54.5–74.9) 63.8 ± 3.3 (60.4–69.3) _

G1 – 69.6 ± 19.7 (39.1–96.5) _

G2 – 62.5 ± 15.7 (34.8–83.5) _

Lip region height 6.0 ± 0.6 (5–7) 8.8 ± 1.3 (7–10) 3.5 ± 0.5 (3–4)

Lip region diam. 15.0 ± 1.5 (14.0–18.0) 20.8 ± 1.6 (18–22) 8.8 ± 0.4 (8–9)

Stoma length 21.3 ± 2.0 (20–25) 25.0 ± 2.0 (21–26) 15.8 ± 0.4 (15–16)

Stoma diam. 7.2 ± 0.4 (7–8) 8.8 ± 0.8 (8–10) 3.3 ± 0.5 (3–4)

Pharynx length 149.2 ± 16.8 (135–182) 174.5 ± 18.6 (138–188) 106.8 ± 7.3 (93–112)

Nerve ring from anterior 
end 104.3 ± 11.5 (95–127) 126.8 ± 18.4 (90–138) 71.2 ± 3.4 (65–75)

Secretory-excretory pore 
from anterior end 118.7 ± 11.6 (110–142) 137.0 ± 18.6 (100–148) _

Rectum length – 20.0 ± 4.2 (15–25) 20.0 ± 0.6 (19–21)

Anal body diam. 27.3 ± 2.1 (24–30) 32.0 ± 8.0 (23–45) 16.2 ± 1.7 (14–18)

Vulva–Anus distance _ 313.3 ± 60.9 (220–420) _

Egg length _ 59.3 ± 7.1 (50–70) _

Egg diam. _ 37.2 ± 3.5 (37–45) _

Spicule length 44.5 ± 3.4 (40–50) _ _

Gubernaculum length 20.2 ± 1.0 (19–22) _ _

Tail length 38.2 ± 3.8 (35–45) 18.5 ± 4.6 (13–25) 59.5 ± 7.0 (50–68)
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Fig. 12. Pelodera cylindrica Cobb, 1898, male (AMU/ZD/NC slide no. Pelodera cylindrica/HL/AL/
ST/SM/1–10). A–C. En face view (scanning electron microscopy). D. Anterior end. E–F. Anterior 
pharyngeal region. G. Posterior pharyngeal region. H. Body region showing large excretory gland cell. 
I. Refl exed testis. J–L. Posterior region (lateral view). M. Posterior region (ventral view). N–Q. Posterior 
region (scanning electron microscopy). Scale bars = 10 μm.
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with longitudinal striations and punctation. Lip region dilated, strongly offset from body contour, 
approximately more than twice its height. Lips six, globular in shape, distinctly separated, with minute 
papilliform labial sensilla. Amphids labial with small, ovoid apertures. Stoma well-developed, expanding 
posteriorly, 2.5–3.0 times as long as wide or 13–15% of total pharyngeal length. Cheilostom not 
cuticularized. Gymnostom constituting 40–45% of stoma length. Stegostom surrounded by pharyngeal 
tissue, constituting 56–58% of stoma length; metastegostom wide, armed with three well-developed 
setose denticles on each sector. Telostegostom heavily cuticularized. Pharynx well-developed, divided 
into 55–77 μm long, slender corpus, a well-developed, highly muscular, approximately 20–30 μm × 22–
32 μm metacorpus, a relatively narrower, 35–50 μm long isthmus and a well-developed, rounded to 
oval-shaped basal bulb of 28–39 μm × 24–35 μm having a highly cuticularized grinder with double-
chambered haustrulum. Cardia conoid, 5–10 μm long. Nerve ring usually encircling posterior region of 
isthmus at ca 65.2–73.4% of pharyngeal length. Secretory-excretory pore located posterior to nerve ring, 
or at 72.4–78.7% of total pharyngeal length. Bacterial chamber present posterior to pharyngo-intestinal 
junction. Rectum 0.5–0.6 times anal body diameter.

Female
Reproductive system didelphic, amphidelphic. Ovaries well-developed, paired, opposed, and dorsally 
refl exed, usually distal end extending beyond vulva. Oocytes with prominent nuclei arranged in 
multiple rows. Spermathecae ovoid fi lled with sperm. Uteri with 2–15 eggs ca 50–70 × 37–45 μm in 
dimension. Vulva without protruded lips, slightly post equatorial. Tail short, hemispheroid, often with 
a small peg or mammellate tip, shorter than anal body diameter. Phasmids opening slightly posterior 
to anus.

Male
Similar to female in general morphology except narrower lip region, smaller body size, smaller 
metastegostomal denticles and slight curvature in posterior region. Testis single, dorsally conoid, 
ending in a pointed terminus. Spicules almost straight, slender with rounded capitulum, narrow neck 
and slender shaft, fused distally up to 24–25% of total spicule length. Gubernaculum slender, trough-
shaped, ca 44.0–47.5% of spicule length. Bursa well-developed, anteriorly closed, transversely and 
longitudinally striated with dot-like punctations. Bursal velum lobed, forming three deep grooves at 
GP1, GP2 and GP3. Anterior bursal rim close to cloacal opening. Nine pairs of genital papillae arranged 
in 0/1+1+1+1+1+P+3+1 confi guration with pre-cloacal genital papillae GP1 and GP2 shifted posterior 
to cloaca. GP3–5 relatively closely placed. Phasmid relatively shorter and thickened, located in between 
GP5 and GP6. GP6–8 basally fused. GP1, GP4 and GP9 open dorsally outside bursa.

Dauer/phoretic juvenile
Body slightly arcuate ventrally, tapering at both extremities. Cuticle with fi ne transverse striations. 
Lateral fi eld with a single ridge. Lip region continuous with six separated lips, each containing setose 
sensilla. Stoma long, narrow, ca 4–5 times as long as wide. Metastegostomal swelling with faintly 
visible small denticles. Pharynx well-developed with ca 40–43 μm, long, slender procorpus, a highly 
muscular metacorpus 15–17 μm × 13–16 μm in dimension, a narrow, ca 20–34 μm long isthmus and a 
basal bulb ca 18–22 μm × 15–17 μm in dimension, having a cuticularized grinder. Nerve ring encircling 
mid of isthmus. Secretory-excretory pore inconspicuous. Pre-rectum-like structure present in posterior 
region. Rectum ca equal to anal body diameter in length. Phasmidial aperture inconspicuous. Tail short 
and conoid.
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Remarks
The present population showed conformity with P. cylindrica (Cobb, 1898) in most characteristics except 
a few minor differences from the originally described population viz., metastegostom with strongly 
developed (vs moderately developed) denticles and males with genital papillae GP1 and GP2 distant (vs 
closely placed). The females in the present population also show a small terminal peg or mammellate 
protrusion in the tail not reported in the original population.

Discussion
Geographical distribution of the genus Pelodera
Pelodera with 26 valid species is a widely distributed genus with species recorded from eleven countries 
(Fig. 13). However, most species (e.g., P. nidicolis Sudhaus & Schulte, 1986, P. orbitalis Sudhaus & 
Schulte, 1986, P. strongyloides, P. teres Schneider, 1866, P. pseudoteres Schulte, 1989, P. coarctata, 
P. cystilarva, P. serrata, P. kolbi, P. tretzeli and P. voelki) have been described from Germany. The rest 
of the species viz., P. punctata and P. parateres (Cobb, 1924), P. termitis Carta et al., 2010, P. cylindrica, 
P. icosiensis, P. arnbomi Bostrom, 1996, P. par, P. cutanea Sudhaus et al., 1987 and P. merionis Sudhaus, 
1991 were described from Australia, Algeria, Georgia, Hungary, United Kingdom, Lithuania, Russia 
and Uzbekistan respectively whereas P. cylindrica, P. aligarhensis (coarcata group), P. pseudoteres and 
P. scrofulata Tahseen et al., 2014 were described from India.

Fig. 13. Map showing worldwide distribution of the species of genus Pelodera Schneider, 1866 
(coarctata goup) in countries like Algeria, Australia, Germany, Georgia, Hungary, India, Lithuania, 
Russia, United Kingdom, Uzbekistan, etc.
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Habitat preferences
The species of Pelodera have been predominantly reported from dung or droppings of mammals, organic 
matter, sewage, compost, decaying substances, as well as from the nest of rodents. However, 30% of 
species were reported to be associated with insects (Mahboob & Tahseen 2021). Phoresis has largely 
been demonstrated by the species of the coarctata group viz., dauer juveniles of P. coarctata, P. serrata 
and P. icosiensis form cysts while being associated with insects, whereas P. cystilarva has been found 
associated with mites.

Entomophilic nature of nematodes
The species of the coarctata group are gonochoristic with a sex ratio of nearly 1:1. The females are 
prolifi c reproducers with large ovaries having distal ends often crossing each other. The females tend to 
be ovoviviparous, thus holding a good number of intra-uterine eggs in different stages of embryonation. 
Such increased reproductive capacity with hundreds of offspring is also an adaptation of saprobiontic 
nematodes of ephemeral habitats (Sudhaus 1976; Nicholas 1984). As a survival strategy, not to exploit 
the resources to the exhaustion level, most of the species of the coarctata group seem to behave like 
fugitive species and complete only one generation in the substrate by forming development-arrested 
dauer juveniles which wait for a biovehicle, especially insect, to get transported to a new habitat (Sachs 
1950; Sudhaus 1981). The dauer larva is an evolutionarily advanced stage which can also be referred 
to as the phoretic or infective stage. Enclosed (ensheathed) in the cuticle of the preceding J2-stage, the 
dauer larva is a non-feeding, resistant third stage juvenile with a closed stoma, thus thriving on its stored 
fat deposits. Conspicuous phasmids with associated gland cells may have some role in detecting cues to 
use as behaviour-regulating signals prompting the dauer larvae to embark upon an insect in search for a 
favourable substratum to continue their development (Sachs 1950; Völk 1950; Körner 1954; Rühm 1956; 
Sudhaus 1976, etc.). The three species viz., P. coarctata, P. cystilarva and P. serrata, demonstrate more 
advanced strategies by producing larvae with a sculptured cuticle and form cyct-like dauer larvae which 
adhere to the legs of dung beetles through some secretions in order to reach a new habitat (Sudhaus 1976).

Salient features of the representatives
The species of the genus Pelodera are mainly characterised by their medium- to large-sized body, 
females with equatorial vulva, amphidelphic gonad with long ovaries and a cupola-shaped tail while 
males have conspicuous ejaculatory glands and relatively long spicules having proximal offset heads 
and fused distal ends. Besides these primary plesiomorphic characters, some additional characters are 
the globular lips with minute to moderately-developed labial sensilla, offset lip region, well developed 
glottoid apparatus, basal bulb with double haustrulum, and nine pairs of genital papillae with plump 
phasmids located between GP5 and GP6.

The division of the genus into three groups, the coarctata, teres and strongyloides groups, by Sudhaus 
& Fitch (2001), is appropriate due to their marked morphological differences. The coarctata group is 
differentiated from the rest of the groups largely by sexual dimorphism in the anterior region (except 
P. adeeli sp. nov.), with females having an expanded and strongly offset lip region, while males have 
relatively less prominent or amalgamated lips and a continuous lip region, and the presence of an 
anteriorly closed bursa, metastegostom widened at base, with strongly developed thorn-shaped teeth and 
telostegostom thickly cuticularized. The teres group is characterised by an open bursa and three pairs of 
precloacal papillae in males, whereas the species of the strongyloides group have spicules distally fused 
up to 50% or more of their length and two pairs of precloacal papillae. The pharyngeal sleeve is absent 
in the latter but present in the other two groups.

Cladistic analysis and relationship of the congeners of the coarctata group
In the coarctata group, a wide metastegostom with setose denticles, conspicuous pharyngeal sleeve, and 
genital papillae bursal (situated within the bursa) are plesiomorphic characters found in all representative 
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Fig. 15. Cladistic analysis of the species of genus Pelodera Schneider, 1866 (coarctata goup) indicating 
the position of the new species P. indica sp. nov., P. adeeli sp. nov. and P. paratretzeli sp. nov. within the 
genus. The evolutionary history was inferred in MrBayes ver. 3.1.2 (Huelsenbeck & Ronquist 2001) by 
using the Jukes Cantor (JC) model. The phylogenetic tree is supported by posterior probability values 
with minimum 50% majority rules.
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species. However, P. kolbi shows an exception with the prebursal position of GP1. The cladogram 
(Fig. 15) constructed based on high weight morphological characters (Appendix 1) shows a remarkable 
similarity with the cladistic diagram presented by Sudhaus & Fitch (2001). Rhomborhabditis stammeri 
(Völk, 1950), the outgroup, although aberrant in various respects, shows some ancestral affi liations with 
Pelodera viz., metastegostom with setose denticles, short, plump, hemispheroid tail in females, males 
with conspicuous ejaculatory glands, peloderan bursa and fused spicules. Some of the diverging features 
include a continuous lip region, glottoid apparatus inconspicuous, pharyngeal sleeve very short and 
pharynx without a metacarpal swelling. 

The tree topology falls into two categories, presumably on the basis of the position of GP3, with three 
main clusters: P. tretzeli, P. paratretzeli sp. nov., P. aligarhensis and P. par split in a separate group with 
50% branch support value based on the presence of three pairs precloacal genital papillae, while the 
congeners with two precloacal genital papillae (P. coarctata, P. cystilarva, P. serrata, P. adeeli, P. voelki, 
and P. isociensis) form a separate cluster and another group representing P. cylindrica and P. indica 
sp. nov. shows precloacals shifted posterior to the cloacal opening. Pelodera kolbi with P. cylindrica, 
and P. indica sp. nov. also demonstrates similarity in having compactly arranged genital papillae without 
marked space in between; however, the rest of the species demonstrate a conspicuous diastema between 
the last precloacal pair and the fi rst postcloacal pair. Pelodera kolbi is distinct from the others in not 
having genital papillae 1, 4 and 9 opening dorsally outside the bursa and the group of GP6–8 basally 
fused as described by Sudhaus and Fitch (2001). The position of P. kolbi is debatable and needs a 
revision in the future.

The close position of P. coarctata, P. cystilarva and P. serrata in the constructed tree (Fig. 15) is 
presumably due to a conspicuously thicker GP3 and the dauer larvae with a strongly sculptured cuticle, 
forming a cyst and anchoring to transporting animals (insects) with their anterior ends. The three species 
also show a wide, sucker-shaped, laterally expanded fan-like, non-punctuated bursa. Pelodera adeeli 
sp. nov. diverges in a separate branch because of paedomorphic, conoid tail, lacking a spike and having 
a different arrangement of genital papillae. Pelodera voelki and P. isociensis fall next in line and show 
similarity on account of the cupola-shaped tail with very small spike, GP3 shifted posteriorly to be close 
to GP4 while GP5 lies close to the group of GP6–8. Pelodera indica sp. nov. groups with P. cylindrica 
perhaps due to similarity in having compactly arranged genital papillae, with GP1 and GP2 placed 
posteriad to the cloacal level, and GP2 and GP3 spaced. The species appearing closer but occupying 
separate branches in the tree are P. tretzeli, P. paratretzeli sp. nov., P. aligarhensis, and P. par that share 
some common characters viz., three precloacal genital papillae, a wide gap between GP3 and GP4 
and a prominently punctated bursa. Pelodera paratretzeli sp. nov. and P. tretzeli show similarity in 
many aspects except a few allometric values. Pelodera par appears more distinct from P. aligarhensis, 
P. tretzeli and P. paratretzeli in exhibiting no sexual dimorphism in the anterior region and a smooth 
bursal velum without any lobe. Another common feature possessed by these species is the shape of 
the bursa, which gets narrower at the cloacal opening. Pelodera adeeli sp. nov., on the other hand, is 
the only species which shows GP3 fi lling up the gap being equally spaced between GP2 (preclocal 
pair) and GP4 (postcloacal pair). The paedomorphic conoid tail, lacking a spike, is an apomorphic trait 
within the coarctata group; even the loss of the spike of the cupola-shaped tail in P. cylindrica also 
indicates apomorphism which was further verifi ed by the presence of a peg-like or mammellate terminal 
protrusion in the tail of the present population of P. cylindrica, showing the reminiscence of the spike. 
The spike of the cupola has been lost independently in R. stammeri (Sudhaus & Fitch 2001). Lacking 
sexual dimorphism in the anterior region is apomorphic as well as a synapomorphic character because 
P. par also exhibits no sexual dimorphism in the anterior region, as also the present population of 
P. cylindrica. This may indicate that sexual dimorphism appeared at different levels in the evolutionary 
history of the ‘coarctata’ group.
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