Russian Journal of Nematology, 2021, 29 (1), 75 — 88

Phasmarhabditis akhaldaba sp. n. associated with
a slug Deroceras reticulatum in Lesser Caucasus

mountains in Republic of Georgia

Elena S. Ivanova', Olegi A. Gorgadze?, Manana A. Lortkhipanidze?
and Sergei E. Spiridonov!

TA.N. Severtsov Institute of Ecology and Evolution, Russian Academy of Sciences,
Leninskii Prospect 33, 119071, Moscow, Russia
nstitute of Zoology, Ilia State University, Kakutsa Cholokashvili Avenue 3/5, 0162, Thilisi, Georgia
e-mail: elena_s_ivanova@rambler.ru

Accepted for publication 12 May 2021

Summary. A new nematode species, Phasmarhabditis akhaldaba sp. n., was isolated in Borjomi
municipality (Republic of Georgia). The species was characterised by the presence of two strains, the first
isolated from the slug Deroceras reticulatum and another one from the cadaver of Galleria mellonella
larva used as a bait for entomopathogenic nematodes in soil. Strains designated as ‘quick’ and ‘slow’
differed in the body lengths of dauer juveniles and the visually different speed of movement during
migration. Morphologically, the adult stages are characterised by a head with six low, rounded lips
bearing a ring of six labial papillae, four cephalic papillae and pore-like amphids situated on top of lateral
lips, males with a moderately wide bursa and spicules 65-67 pm long lacking holes at the distal tips.
Average length of an ensheathed dauer juvenile of P. akhaldaba sp. n. is 862 pm in the strain ‘quick’ and
702 pum in the strain ‘slow’. The molecular analysis based on partial sequences of ITS rDNA regions of
both strains has shown its identity. Both morphologically and genetically, the new species is close to
another species from Caucasus, P. circassica Ivanova, Geraskina & Spiridonov, 2020.
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Two isolates of rhabditid nematodes were
recovered during a collection trip in Borjomi
municipality in the central part of Republic of
Georgia. The isolate recovered from a slug
Deroceras reticulatum (O.F. Miller, 1774) was
designated ‘quick’ due to the rapid movement of
infective juveniles during migration into the water.
The isolate ‘slow’ showed visibly lower speed of
migration and was recovered from the surface of the
cadaver of Galleria melonella (Linnaeus, 1758)
larvae used as an insect trap for entomopathogenic
nematodes in the soil sample. An integrative
approach was used to identify both isolates. Both
morphological and molecular analyses confirmed
that the nematodes of both isolates belong to the
genus Phasmarhabditis Andrassy, 1976.
Morphological examination has shown the presence
of certain differences in morphology between the
isolates, while the ITS rDNA sequences obtained for
both isolates were nearly identical. Currently, the
genus Phasmarhabditis includes 14 species from all

over the world with two species recently described
from an area close to the present species location,
i.e. Caucasus. All but one species of the genus was
found in association with terrestrial gastropods.
Using the name Phasmarhabditis, we follow the
opinion expressed by Nermut’ et al. (2016a), Ross et
al. (2018) and Ivanova et al. (2020) on the current
taxonomic status of the genus. Description of
Phasmarhabditis akhaldaba sp. n. is presented
below.

MATERIAL AND METHODS

Both isolates originated from a private hazelnut
garden at the village of Akhaldaba (Borjomi
municipality, Republic of Georgia), coordinates
41.908 N 43.520 E at 760 m a.s.1. 5 June 2018.

A specimen of Deroceras reticulatum collected in
the garden was rinsed in water and then dissected in
the laboratory and the nematode juveniles found were
cultivated on the slug body parts to obtain all
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developmental stages (isolate ‘quick’). A soil sample
collected in the garden was inoculated by larvae of
the greater wax moth G. melonella to attract
entomopathogenic nematodes according to Hominick
et al. (1997). After a week in soil, dead wax moth
larvae were removed and examined under a
stereoscopic microscope. One specimen of wax moth
larvae was found covered in multiplying rhabditid
nematodes. These nematodes were designated as
‘slow’ and were cultivated onwards on freeze-killed
Helix sp. either on 2% agar with the addition of 5%
of pig kidney. Some of the progeny of both isolates
was collected and preserved in hot 4-5% formalin for
morphological examination and several specimens
were also frozen for DNA extraction. Live nematodes
from the culture were photographed using a Leica
microscope equipped with a digital camera.
Nematodes preserved in formalin were processed to
anhydrous glycerin for light microscopy as described
by Seinhorst (1959). Light microscopic studies and
drawings were done using Nikon Eclipse 200
microscope equipped with a drawing attachment.
Scale bars are given in micrometres (um).
Abbreviations: V% — distance from anterior
extremity to vulva to body length in %; a, b, ¢ — de
Manian indices. Illustrations were prepared using
WACOM Intuos A4 USB drawing tablet and Adobe
Illustrator CS5. For the SEM studies, formalin-
preserved material was dehydrated, critical point
dried and coated with gold. Images were taken on a
Tescan CamScan MV 2300 and Mira 3Tescan.

Molecular characterisation and phylogenetic
analysis. For DNA extraction, juveniles recovered
from the snail and mature females and males from
cultures were frozen individually in 0.7 ml Eppendorf
tubes. DNA was extracted according to the method
described by Holterman et al. (2006). The worm-lysis
solution (950 ul of a mixture of 2 ml of 1 M NaCl, 2
ml of 1 M Tris-HCI, pH 8 plus 5.5 ml of deionised
water plus 10 pl of mercaptoethanol and 40 pl of
proteinase K, 20 mg ml™") was prepared directly
before DNA extraction. Aliquots of 25 pl of sterile
water and 25 pl of worm-lysis solution were added to
each tube with a nematode and incubated at 65°C for
90 min. The tubes containing the homogenate were
then incubated at 99°C for 5 min to deactivate
proteinase K. About 1.0 pl of homogenate was used
as PCR template.

PCR reactions were performed using Encyclo
Plus PCR kit (Evrogen®, Moscow, Russia)
according to the manufacturer’s protocol. A pair of
primers LSU391 (5’-AGC GGA GGA AAA GAA
ACT AA-3’) and LSU501 (5’-TCG GAA GGA
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ACC AGC TAC TA-3’) was used to amplify a 1100
bp long sequence of D2-D3 expansion segment of
28S rDNA (Nadler et al., 2000). PCR cycling
parameters included denaturation at 95°C for 4 min,
followed by 35 cycles of 94°C for 30 s, 54°C for 35
s, and 72°C for 70 s.

A pair of primers 18S (5’-TTG ATT ACG TCC
CTG CCC TTT-3’) and 26S (5’-TTT CAC TCG
CCG TTA CTA AGG-3’) was used to amplify
approx. 1100 bp long sequence of ITS region of
ribosomal DNA (Vrain et al., 1992; Curran & Driver,
1994). PCR cycling parameters included primary
denaturation at 95°C for 5 min followed by 35 cycles
of 94°C for 45 s, 54°C for 60 s and 72°C for 70 s.

PCR products were visualised in agarose gel and
bands were excised for DNA extraction with Wizard
SV Gel and PCR Clean-Up System (Promega,
Madison, USA). Samples were directly sequenced
using the same primers as used for primary PCR.
The sequences were combined and aligned using the
Clustal X program after the addition of sequences
from the GenBank (Thompson et al, 1997).
Subsequently, the sequences were edited using the
Genedoc 2.7 program (Nicholas et al., 1997), to
prepare a file for the analysis in MEGAS (Tamura et
al., 2011). Phylogenetic trees were obtained with
different methods (MP — maximum parsimony, NJ —
neighbour joining and ML — maximum likelihood)
and pairwise nucleotide differences were calculated.
Obtained sequences were deposited in GenBank
(MZ265149 for the ITS rDNA sequence and
MZ265148 for the 28S rDNA sequence.

Etymology. The specific epithet reflects the
location of the new nematode finding.

DESCRIPTION

Phasmarhabditis akhaldaba sp. n.
Figs 1-6

Measurements. See Table 1 & 2.

Adults. Body length from 1 mm to 3 mm. Body
straight when relaxed, slightly tapering to anterior
end. Cuticle ca 1 pm thick, finely annulated and
longitudinally striated. Lateral field 3-5 um wide
comprising central elevated double ridge flanked by
marginal single ridge at each side. Along with
marginal ridges, coarse longitudinal striae forming
four fine bands at each side. Head truncate, mouth
opening triangular. Lip region relatively wide,
comprising six low lips. Lips continuous with body
contour (‘slow’) or slightly offset (‘quick’) bearing
two circles of papillae. Six lips grouped in pairs, each
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Fig. 1. Phasmarhabditis akhaldaba sp. n. Adults. A-C, cephalic end. A, female ‘slow’ dorsal; B, male ‘quick’
subdorsal; C, female, lateral; D, anterior end, female, lateral; E & F region of basal bulb; E, female, showing excretory
pore; F, female, showing deirid; G, female, midbody region; H-I, male tale, H lateral, I ventral; J-L, female tail, J and K
slimmer (‘quick’ strain) (lateral) and L ‘slow’ sublateral; M spicule lateral; N gubernaculum lateral, O gubernaculum
ventral; P-Q — vulva region. Scale bars in pm.
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Fig. 2. Phasmarhabditis akhaldaba sp. n. Infective juveniles (IJ). A-D, cephalic end: A & B, exsheathed 1J, lateral;
C & D, ensheathed 1J, lateral; E, anterior end, exsheathed 1J, lateral; F-J, tail: F-H, ensheathed 1J, F & G lateral, H,
ventral; [-J, exsheathed 1J: I, ventral, J, lateral. Scale bars in um.
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Table 1. Morphometric data of two strains of Phasmarhabditis akhaldaba sp. n.

All measurements are in pm and in the form: mean = s.d. (range).

Species P. akhaldaba sp. n. isolate ‘quick’ P. akhaldaba sp. n. isolate ‘slow’
Female Male Female Male
Character
Holotype Paratypes Paratypes Paratypes Paratypes
n - 11 13 10 15
L 2940 1983 + 406 1271 £ 198 2712 +£376 2163 £237
(1320-2940) (980-1930) (1780-3080) (1480-2410)
222+32 25.0+33
a 23.1 (193.28.7) 24424 (213292) | 20.4+2.8(17-26.1) (19.830.6)
b 76 7.5+1.2(6.1-9.1) 6.4 +0.7 (5.4-7.9) 9.9 +1(7.5-10.8) 8.9+0.7(7.5-9.9)
389+9.2
¢ 17.9 17.0+4.2 (9.1-24.5) (31.6-66.5) 20.6 +£4 (12.7-28) 57.1+7 (47.9-74.7)
e 2.7 34409 (22-52) 1.1£0.2(0.8-1.4) 2.6+0.7 (2-4.4) 1.1£0.1(0.9-1.2)
v 50.0 52.3+0(49.2-57.2) - 51.1+0 (49.3-52.9) -
Max. body diam 97 91 + 22 (60-140) 53+ 8 (42-78) 135 + 25 (74-155) 87+ 12 (58-102)
Anal body diam. 47 37+ 8 (28-54) 30 + 4 (22-35) 53+9 (32-63) 36 + 4 (30-40)
Lip region diam. 17 16 £ 2 (13-20) 13 £2 (10-16) 21 +2 (18-25) 18 =2 (15-20)
Stoma total length 24 2142 (17-24) 17 1 (14-19) 23 £ 1 (20-25) 21 £2 (18-24)
Cheilostom length 5 4+1(3-6) 4+1(2-6) 6+1(5-7) 4+1(3-5)
Gymnostom length 4 5+1(4-7) 5+13-7) 5+1(3-6) 5+1(4-6)
Stegostom length 15 12 +£2 (8-15) 9+2(6-12) 12+ 1 (10-14) 12+ 1 (10-14)
Stoma max. diam. 7 7+1(5-8) 7+1(5-8) 8£1(79) 6+1(5-8)
Corpus length 172 157 £ 15 (125-172) 117 =9 (104-140) 163 £ 11 (140-172) 147 £ 9 (123-158)
Mid-corpus diam. 25 20 + 4 (13-25) 13 £2 (10-15) 22 + 3 (18-26) 18 = 1 (16-20)
Metacorpal 35 33+ 4 (24-38) 22+ 1 (20-25) 3845 (26-42) 2942 (26-32)
expansion
Isthmus length 82 65+ 11 (45-82) 46 + 4 (40-55) 58+ 5 (50-69) 5145 (40-61)
Isthmus diam. 17 16 = 4 (10-25) 11 £2 (9-14) 17 1 (14-19) 14 £ 1 (10-15)
Bulb length 56 45 £ 10 (28-59) 33+ 4 (26-40) 50 + 4 (43-55) 45 £ 5 (35-56)
Bulb diam. 35 34+ 5 (26-44) 24 £ (22-28) 38 +3 (30-42) 3443 (27-38)
lill‘l“grt{l“" fotal 296 26324 (215-296) | 197+11(180-220) | 273+17(238-287) | 242+ 14 (198-260)
(C,,;’;P“S to pharynx 58.1 59.6+0(55.2-63.0) | 59.2+0(54.2-63.6) | 59.7+0(56.4-62.6) | 60.9+0 (58.7-64.2)
)
g;’:;‘ to excretory 300 260 +33(195-300) | 183429 (129-243) | 283422 (245-317) | 232429 (167-285)
Apex to nerve ring 208 190 + 13 (165-210) | 149+16 (125-175) | 207+ 15(179-230) | 189+ 12 (152-205)
Apex to anterior 625 +£199
ovary reflexion 700 604 £ 172 (320-720) - (420-1150) B
Tail extremity to
posterior ovary 550 555 + 34 (310-750) - 637 +93 (513-800) -
reflexion
Vagina length 67 67+ 3 (65-70) - 71 + 16 (48-90) -
Cardia length 8 10 £ 4 (6-18) 9+1(7-11) 11 +3 (7-15) 11 +2 (7-15)
Egg length - 53 +4 (50-57) - 53 + 6 (45-62) -
Egg diam. - 29 +2 (27-30) - 34+ 4 (28-38) -
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Table 1 (continued). Morphometric data of two strains of Phasmarhabditis akhaldaba sp. n.
All measurements are in pm and in the form: mean =+ s.d. (range).

Rectum length 55 48 +7 (38-55)
Tail length 125 120 £ 19 (92-147)
Anus to phasmid 55 44 +£9 (27-55)

33+ 4 (26-38)

49 + 16 (30-70)
134 + 14 (110-162)
69 + 10 (55-80)

38 + 4 (30-43)

Apex .to testis _ _ 308 + 46 (222-390) - 398 + 46 (350-500)
reflexion

ll;:lsgt:; reflexion _ - 197 £ 51 (118-290) - 373 + 82 (220-500)
(Sclili(c)lrl:; length _ - 65 £ 6 (54-77) - 67+4(61-75)
l(i:g::l:‘naculum _ - 38 £ 4 (30-44) - 37 +3(32-42)

lip bearing a small, short labial papilla in apical
position. Each sublateral lip bearing small cephalic
papilla located slightly posterior to labial one. Slit-
like amphids situated close to labial papillae on top
of lateral lips. Mouth aperture triangular. Stoma
typical for the genus, tubular, wide and short (about
as long as lip region diam.). Cheilostom:
gymnostom: stegostom ratio 1:2:3. Cheilostom not
cuticularised. Gymnostom walls parallel, thickened.
Stegostom with glottoid apparatus, isomorphic,
isotropic, metarhabdions thickened, warts
prominent. Pharyngeal collar narrow, covering two
thirds of stoma length. Pharynx wide, muscular,
procorpus with pronounced metacorpal expansion,
short isthmus and rounded terminal bulb as wide as
metacorpal expansion. Terminal bulb with valve and
haustrulum. Corpus corresponding to 60 (54-64)%
of pharynx length. Nerve ring surrounding posterior
of isthmus. Excretory pore distinct, at level of bulb
base or slightly posterior to it, excretory duct short,
weak. Cardia well-developed, projecting into
intestine. Intestine expanded posterior to pharynx
base. Deirids at level of pharynx base. Rectal glands
present.

Male. Body shorter and slimmer than that of
female. Cheilostom, gymnostom and stegostom
mean lengths 4 um, 5 pum and 9 um, respectively, in
strain ‘quick’ and 4 um, 5 um and 12 um in strain
‘slow’. Spermatocytes rounded, arranged in two
rows. Vas deferens wide, filled with large immature
sperm cells ca 5-6 pm in diam., ejaculatory duct
separating from latter by constriction. Testis flexure
length variable, from mean 197 pm in strain ‘quick’
to 373 um (‘slow’). Tail short, tail tip reaching edge
of bursa. Bursa peloderan, anteriorly open, wide,
genital papillae (GP) formula 5/4 or 1+2+2/1+3 +
ph. GP5 and 9 opening on dorsal side of bursa.
Phasmids located posterior to GP9. Spicules usually
non-cephalate, length variable, gradually tapering to
pointed distal tips. Three pericloacal papillae:
prominent precloacal papilla on anterior cloacal lip
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in median position and two process-like papillae at
lateral margins of cloacal opening. Spicules nearly
straight, not distinctly cephalate, uniformly thick for
most of spicule length and tapering to pointed distal
tips. Velum indiscernible. Gubernaculum boat-
shaped, about half as long than spicules; dorsal and
ventral processes not observed.

Female. Body obese. Cheilostom, gymnostom
and stegostom mean lengths 4 pm, 5 pym and 12 pm,
respectively, in strains ‘quick’ and 6 pm, 5 pm and
12 pum, ‘slow’.  Ovoviviparous.  Gonads
amphidelphic, ovaries reflexed on dorsal side.
Anterior and posterior ovary branches equally long.
Oocytes rounded, large, arranged in two or three
rows. Oviduct short. Spermathecae filled with sperm
cells. Uterus spacious, containing 20-30 eggs with
thin, smooth shells. Vagina straight, muscular, less
than half corresponding body diam. long. Vulva
median, a wide transverse slit. Epyptigma present.
Vulval lips flat in mature specimens and inflated in
younger ones. Massive copulatory plug over vulva
present in fertilised specimens. Rectum inflated,
about corresponding body diam. long. Anus an
arcuate slit. Tail shape variable depending on body
size: from conoid in slimmer specimens to cupola-
shaped with a spine. Spine (terminal part of tail)
half-tail length long. Thereafter, nearly 100% of
females from the strain ‘quick’ possess a conical
tail, while about 80% of ‘slow’ females are
characterised by a cupola-shaped tail with a spine.
Phasmids thin, long, slightly projecting, located at
one-third tail length from anus.

Dauer juvenile (ensheathed). Body straight
when heat-killed, slender, tapering towards head end.
Cuticle loose, transversally and longitudinally
striated; longitudinal striations appearing posterior to
20-22™ annulus. Lateral field 7-8 pm wide at mid-
body, with central band ca 2 um wide flanked with
three slightly elevated, even ridges at each side. Head
rounded, distinct apical cuticular cap present, lip
region low, not offset from body contour, not divided
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into lips; six cephalic papillae, amphidial apertures
prominent, situated posterior to circle of cephalic
papillae. Mouth aperture enclosed. Stoma long,
narrow; promesorhabdions slightly curved inwards at
both ends. Pharynx comprising straight, narrow
corpus with slightest metacorpal expansion, isthmus
narrow, half as long as corpus and pear-shaped,
valvate basal bulb only slightly wider than
metacorpal expansion. Nerve ring surrounding

isthmus. Cardia prominent, elongated, protruding into
intestine. Excretory pore poorly discernible. Deirids
inconspicuous. Intestine walls filled with fat globules.
Genital primordium short, located at mid-body. Tail
elongate conoid with filamentous terminus. Phasmids
pore-like, situated anterior to mid-tail.

Dauer juvenile (exsheathed). Similar to
ensheathed dauer juvenile in internal morphology.
Cuticle without longitudinal striations. Lateral fields

Fig. 3. Phasmarhabditis akhaldaba sp. n. SEM images, male. A, cephalic end; B-C, lateral field (arrow indicating
deirid); D-1, tail region (arrow indicating GP9 opening dorsally); F, spicule tips. Scale bars in pm.
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Fig. 4. Phasmarhabditis akhaldaba sp. n. SEM images, female. Adults. A-C, cephalic end. A, ‘quick’, B-C, ‘slow’;
D, lateral field; E, phasmid; F-I, tail region; J-L, vulva region. Arrows indicating amphid (C) and phasmid (E, F, H, I).
Scale bars in pm.
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Table 2. Morphometric data of dauer juveniles (DJ) of Phasmarhabditis akhaldaba sp. n. ‘quick’ and ‘slow’ strains.
All measurements are in pm and in the form: mean = s.d. (range).

Species

Phasmarhabditis akhaldaba sp. n. ‘quick’

Phasmarhabditis akhaldaba sp. n. ‘slow’

Character

DJ ensheathed

DJ exsheathed

DJ ensheathed

DJ exsheathed

n (paratypes)

L

a

b

c

)

Max. body diam.
Anal body diam.
Lip region diam.
Stoma total length
Cheilostom length
Gymnostom length
Stegostom length
Stoma max. diam.
Corpus length
Mid-corpus diam.
Metacorpal expansion
Isthmus length
Isthmus width

Bulb length

Bulb width

Pharynx total length
Apex to excretory pore
Apex to nerve ring
Cardia length

Tail length

Anus to phasmid

Genital primordium
length

Apex to hemizonid

18
862 + 47 (760-940)
25.6+2.6 (22.6-34.5)
59+0.2(5.56.2)
7+0.5(5.8-7.7)
6.3+1.2(5.3-10.8)
34+ 4 (22-38)
20+2 (12-23)
8+1(6-10)
19+ 1 (16-22)
4+1(3-5)
4+£1(3-5)
11+1(10-13)
240(2-2)

88 + 6 (73-95)
7+1(6-8)
10+ 1 (8-12)
37+ 4 (30-45)
541 (3-6)
2142 (18-26)
1341 (11-15)
146 + 8 (123-157)
130 + 8 (120-145)
108 + 9 (84-125)
841 (6-9)

124 + 8 (110-140)
34 + 6 (20-46)

73 + 17 (50-110)

11
667 = 119 (520-895)
277 +4.1 (23.1-35.8)
47404 (3.9-5.4)
11.6+2 (7.8-13.9)
4.9+0.9 (3.5-6)

24+ 4 (18-32)

13 £2 (8-16)
8+ 1 (6-10)

18 +2 (17-22)
3+1(24)
34+1(2-5)

12 +£2 (10-15)
240(2-3)
85+ 13 (73-115)
8+1(7-10)
1443 (11-19)
3447 (26-48)
5+1(4-7)
20+ 3 (15-24)
16+ 5 (12-27)
141 + 24 (116-186)
13242 (130-133)
105 + 24 (85-155)
9+ 1(7-12)
58+ 10 (42-72)
2346 (17-32)
164 + 43 (115-240)

144 + 36 (100-192)

16
702 + 67 (520-830)
26.2+2.1(23.1-30.4)
5240.5(4.3-62)
62+0.7 (4.1-73)
6.9+1.4(53-11.7)
27+3 (22-32)
17 £2 (13-20)
8+ 1(6-10)
20+ 1 (18-21)
440 (3-5)
4+1(3-6)
11+ 1 (10-12)
240(2)

84 + 6 (75-98)
6+ 1(5-7)
8+1(7-9)

33 4+ 4 (25-40)
5+1(4-5)

18 +3 (13-24)
10+ 1 (8-12)
134 +9 (120-152)
115 + 14 (99-140)
96+ 11 (80-122)
742 (5-10)
114 + 18 (85-164)
27+ 5 (20-33)

85+9 (68-107)

8
669 + 31 (620-710)
26.6 % 5.0 (20.9-35.6)
49402 (4.6:5.1)
10.6 + 1.4 (8.3-12.5)
3.7+0.7 (2.6-4.8)
26 + 6 (18-34)

18 + 4 (14-22)
7+0(7-8)
19+ 1 (18-20)
4£0(4)
4+0(4)
11+0(11)
240(2)

87 + 3 (80-90)

8 %2 (6-10)
9+1(8-11)
3844 (28-42)
6+1(4-7)

17 +2 (14-20)

12 +3 (8-15)
137 + 5 (129-145)
123+ 5 (116-130)
87 + 7 (79-100)
7+1(5-9)

64 + 8 (54-75)
2246 (17-30)
91 +8 (85-110)

117 £5 (110-125)

with slightly sunken central band ca 3 um wide

primordium  well
ensheathed

developed,
Phasmids

longer than in
button-like,

flanked by protruding ridges. Lip region continuous
with body contour, divided into six lip sectors,
prominent amphid openings at base of lateral lip
sectors, six papillaec on top of lips. Excretory pore
anterior to basal bulb. Tail conical, half as long as in
ensheathed juvenile, tip rounded. Genital

juvenile.
prominent, situated at mid-tail.

Type material. Holotype female accession no.
1328 and paratype female and male, accession nos
1329 and 1330 respectively are deposited in the
Museum of the Helminthological Collections of the
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Centre of Parasitology at the A.N. Severtsov
Institute of Ecology and Evolution, RAS, Moscow.

Type host. Deroceras reticulatum (O.F. Miiller,
1774) (Pulmonata, Agriolimacidae).

Type locality. Akhaldaba (Borjomi municipality,
Republic of Georgia), coordinates 41.908 N
43.520 E at 760 m a.s.1., 5 June 2018.

Diagnosis and relationships. Comparison of the
metric  characteristics  of  Phasmarhabditis
akhaldaba sp. n. showed that peculiarities of the
strains include generally smaller body lengths of
adult stages of the strain ‘quick’ vs strain ‘slow’ (see
Table 1) but longer dauer juveniles (see Table 2).
The rest of metric and morphological characters
were similar in both strains. Adult stages of
P. akhaldaba sp. n. are characterised by a head with
six low, rounded lips bearing a ring of six labial
papillae, four cephalic papillac and pore-like
amphids situated on top of lateral lips. Males feature
a moderately wide bursa and spicules 65-67 pum
long lacking holes at the distal tips. The present
species is also characterised by a lateral field in
adults comprising central elevated double ridge
flanked by marginal single ridge at each side and
that of an ensheathed dauer juvenile, with central
band flanked with three slightly elevated, even
ridges at each side. Dauer juveniles (ensheated) are
recognised by the presence of a small cephalic cap,
average length 862 pm and 702 pm in ‘quick’ and
‘slow’ strains and the characteristic pattern of a
lateral field, while exsheathed ones are recognised
by a conical tail with a rounded distal tip and
prominent phasmids.

The morphology of the present species is very
much in accord with the morphology of other
species of the genus Phasmarhabditis sharing
similarity in the structure of cuticle, stoma, pharynx
and reproductive system, general body proportions
and association with terrestrial gastropods.
However, the molecular analysis supported its
position on the phylogenetic tree as a new species of
the genus and the combination of morphological and
metric characters allows its differentiation from the
rest of the genus. As a gonochoristic species, P.
akhaldaba sp. n. differs from hermaphroditic P.
hermaphrodita (Schneider, 1859) Andrassy, 1983
and P. californica Tandingan De Ley, Holovachov,
McDonnell, Bert, Paine & De Ley, 2016 in the
presence of males in the population. Though the
shape of a female tail of the present species is
variable and in most obese specimens approaching
the shape described as a cupola-shaped with a spine
(Sudhaus, 2014), it can be distinguished from P.
bonaquense Nermut’, Puza, Mekete & Mracek,
2016b, P. papillosa (Schneider, 1866) Andréssy,
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1976, P. huizhouensis Huang, Ye, Ren & Zhao,
2015, P. safricana Ross, Pieterse, Malan & Ivanova,
2018, P. meridionalis Ivanova & Spiridonov, 2017
and P. zhejiangensis Zhang & Liu, 2020 in the
wider spine base, i.e. in having a conical vs
filamentous terminal part of tail.

Also, whether female phasmids in the above-
mentioned species are situated directly at the base of
a terminus on the rounded part of tail, the phasmids
of the present species are located more posteriorly,
i.e. on the anterior part of a spine. The tail shape of
slimmer females of the present species resembles
that of P. bohemica Nermut’, Pluza, Mekete &
Mracek, 2017; P. hermaphrodita, P. neopapillosa
(Mengert, 1953) Andrassy, 1983, P. tawfiki Azzam,
2003, P. apuliae Nermut’, Piiza & Mracek, 2016a,
P. circassica Ivanova, Geraskina & Spiridonov,
2020, P. clausiliiae Ivanova, Geraskina &
Spiridonov, 2020 and P. kenyaensis Pieterse,
Rowson, Tiedt, Malan, Haukeland & Ross, 2020.
From P. bohemica the present species differs in
having shorter spicules (65 pm and 67 pum, ‘quick’
and ‘slow’ vs 74 um and 75 pum, CH1 and 185
strains) and longer dauer juveniles (862 pm and 702
um, ‘quick’ and ‘slow’, ensheathed, vs 553 pm and
691 pum, CHl and 185 strains). From P.
neopapillosa it can be distinguished by much
shorter dauer juveniles (vs 1010 um) (Hooper et al.,
1999). From P. tawfiki it also differs in having the
shorter dauer juveniles (vs 965 um) and a shorter
male tail (33 um and 38 um vs 49 um). From P.
apuliae P. akhaldaba sp. n. differs in having less
separated and more flattened lips lacking papilla-
like protrusions and shorter dauer juveniles (vs 812
um and 986 um, BAR and GRA strains). Males of
P. akhaldaba sp. n. differ from P. apuliae by
remarkably shorter spicules (vs 81 um and 73 pm in
BAR and GRA strains) and a narrower bursa. By the
length of dauer juveniles P. akhaldaba sp. n. falls in
the group with medium-sized (700-900 pm long)
juveniles with P. papillosa, P. circassica, P.
clausiliiae, P. apuliae and P. meridionalis but can
be differentiated by the combination of characters.

From P. kenyaensis P. akhaldaba sp. n. is
distinguished by much shorter dauer juveniles (vs
1232 pum).

It is differentiated from them by the larger body
size, the more posterior position of female phasmids
situated on the spine vs at its base, small sized vs
prominent male phasmids, lack of the holes at distal
spicule tips and slightly longer spicules (vs 58 um
and 54 um). Morphologically and molecularly P.
akhaldaba sp. n. is closest to P. circassica and, in
less prominent way, to P. clausiliiae, both from
Caucasus.
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Fig. 5. Phasmarhabditis akhaldaba sp. n. SEM images, infective juvenules (1J). A-C & F, ensheated 1J; D & E
exsheathed 1J. A, head; B, lateral field; C, tail region; D, anterior end; E & F, posterior region. Arrows indicating

amphid (A) and phasmid (C). Scale bars in pm.

Angiostoma margaretae strain SA MF192968
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Phasmarhabditis kenyaensis MN626639

Phasmarhabditis zhejiangensis MK542667

100

99

Phasmarhabditis bohemica 185 KX017489
Phasmarhabditis bohemica CH1 KX017490
Phasmarhabditis sp. isolate Si14 MN366391
Phasmarhabditis neopapillosa F)516760

92 Phasmarhabditis hermaphrodita F1516761
100 Phasmarhabditis hermaphrodita ITD056 KM510201

Phasmarhabditis hermaphrodita ITD207 KM510202

Phasmarhabditis hermaphrodita voucher R30 MK214817
Phasmarhabditis hermaphrodita MG551718

100 Phasmarhabditis circassica MK500250
I: P

hasmarhabditis akhaldaba sp. n.

Phasmarhabditis clausiliiae MK500249

Phasmarhabditis bonaquaense NDV KX017491

Phasmarhabditis papillosa isolate Slovenia MT819980
Phasmarhabditis papillosa ITD510 KM510205
Phasmarhabditis papillosa isolate SA4 KX267675
Phasmarhabditis apuliae GRA KX017488
Phasmarhabditis apuliae BAR haplotype 1 KX017486

Phasmarhabditis apuliae BAR haplotype 2 KX017487
Phasmarhabditis californica ITD235 KM 510204

Phasmarhabditis californica ITD046 KM 510203

Fig. 6. Phylogenetic relationships of Phasmarhabditis akhaldaba sp. n. with other related Phasmarhabditis species,
as inferred from ML (GTR + G model) and Bayesian analysis of the ITS region. Angiostoma margaretae was used as
outgroup taxa. Bootstrap value and posterior probability (as a percentage) are assigned near the relevant nodes in

ML/BA format.
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Molecular analysis and phylogenetic analysis
of P. akhaldaba sp. n. Molecular analysis of 191 bp
long 28S rDNA sequences has shown the nearly
complete identity for nematodes belonging to these
two different strains with difference of only 1 bp.
The difference in 1 bp was found between 960 bp
long ITS rDNA sequences of these two strains. The
analysis of 28S rDNA was uninformative to infer
the phylogenetic links of Phasmarhabditis
akhaldaba sp. n., which clustered with P. circassica
under moderate bootstrap support (data not shown).
The phylogenetic relationships of P. akhaldaba sp.
n. inferred from ITS rDNA analysis are presented in
Figure 6. Two close species, P. akhaldaba sp. n. and
P. circassica formed the clade with maximal
bootstrap support (100%) in this tree. Here, several
Phasmarhabditis species formed two strongly
supported clades: one formed by the group of
P. hermaphrodita + P. neopapillosa and another
clade, by two isolates of P. bohemica. West
Caucasian species P. clausiliae also appeared
related to P. akhaldaba sp. n. and P. circassica but
without significant bootstrap support.

DISCUSSION

Caucasus region is one of the centres of genetic
diversity and in particular, has very rich gastropod
fauna with high level of endemism (Sysoev &
Schileyko, 2009; Mumladze et al., 2014). Two
Phasmarhabditis  species, P. circassica and
P. clausiliiae, described recently from the area close
to Republic of Georgia, the foothills of West
Caucasus, were found morphologically and
phylogenetically related to each other. Phylogenetic
analysis has shown the greater affinity of the new
species to P. circassica from Republic of Adygea,
which is located by the other side of Caucausus
mountains. From both West Caucasian species
P. akhaldaba sp. n. differs by 32 bp, which is the
average distance between species or group of species.
Morphological differences between Georgian and
West Caucasian species are quite scant and include
generally greater body size, and slightly longer
spicules and smaller phasmids in males. All three
species from the Caucasus form a distinct group
distanced from P. hermaphrodita, P. papillosa and P.
neopapilosa with the world-wide distribution, as well
as exotic species from African continent and South-
Eastern Asia (P. kenyaensis, P. meridionalis, P.
zhejangensis) but showing affinity to species found in
the South of Europe (P. bohemica and undescribed
Phasmarhabditis from Sicily — Ivanova et al., 2019).

The gastropod host of strain ‘quick’ of
P. akhaldaba sp. n. is Deroceras reticulatum
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(Pulmonata, Agriolimacidae) with its European
origin and worldwide distribution. This slug species
was registered as a host for a number of
Phasmarhabditis species in Europe, USA and South
Africa:  P.  bohemica, P. californica, P.
hermaphrodita, P. papillosa, P. safricana (Tandigan
de Ley et al., 2014, 2016; Pieterse et al., 2017; Ross
et al., 2018; Nermut’ et al., 2017). The ability of D.
reticulatum to spread and acclimatise in different
climatic  conditions and  tolerate  diverse
Phasmarhabditis species makes this voracious
species one of the major slug pests.

Shortage of reliable diagnostic characters in the
morphology of Phasmarhabditis highlights the
importance of a phylogenetic analysis based on
suitable molecular markers to resolve relationships
within the genus. The presence of strains differing
markedly in metrical characteristics also does not
facilitate separation of species. The phenomenon of
co-occurring of two isolates of the same species at
the same plot probably could be explained by the
analysis of different molecular marker but will be a
subject of a different study.
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E.S. Ivanova, O.A. Gorgadze, M.A. Lortkhipanidze and S.E. Spiridonov. Phasmarhabditis
akhaldaba sp. n., acconuupoBaHHBIN co ciam3HeM Deroceras reticulatum B Topax Manoro Kaskasza B

PecnryOimmke ['py3ust.

Pe3tome. HoBwiii Bun Hemaron Phasmarhabditis akhaldaba sp. n. O6pu1 oOHapykeH B Bop:komMckom
ymense B PecnyOmmke ['pysms. OOHapykeHO JBa IITamMMa, TEPBBIM BbIACNEH W3 cIu3HA Deroceras
reticulatum, a BTOPOW W3 Tpymna JHUYWHKH BOMMHHON Momm Galleria mellonella, wcrionb3oBaHHONH B
Ka4yecTBE JIOBYETO HACEKOMOTO JUII SHTOMOINATOTeHHBIX HeMaToi. LlltamMmbl, 00O3HAa4EHHBIE Kak
«OBICTPBI» U «THXH», pa3IH9dalich M0 UTMHE WHBA3HOHHBIX JHYMHOK W OTpPENeIIeMO BH3YalbHO
CKOPOCTH WX JBIKCHHS BO BpeMsl MHUrpanun. Mopgoiormdeckn, B3pocible 0coOM HOBOTO BHAA
XapaKTepU3yIOTCS TOJIOBOH C MIECTHI0 HEBBICOKUMH 3aKPYTIIEHHBIMHU T'y0aMH, HECYIIUMHU KPYT U3 IIECTH
TYOHBIX MANWJUI, YE€THIpe TOJOBHBIC MANMIUIBI W MOPOBHUIHBIE aM(HIBI, pacToNOXEHHBIE Ha BEPIINHE
JaTepadbHBIX Ty0, caMImaMu C JOBOJNBHO IIMPOKOH Oypcoil M cmmkymamMu 65-67 MM AinuHON 6e3
oTtBepcThii Ha KoHIaX. CpemHsas AIMHA MHBA3HMOHHBIX JTWYHHOK (dauer juvenile) B nBOIHON KyTHKyJe
Phasmarhabditis akhaldaba sp. n. mramMmma «OBICTPBI» cocTaBisia 862 MKM W IITaMMa «TUXHi» 702
MKM. MOJEKYJISIpHBIN aHaNmW3 4acTWYHBIX TocienoBaTensHocTei ITS yuactkoB pmbocomansHo# JJHK
MOKa3ali WX HWACHTUYHOCTH Y OTHUX IITAMMOB. MOpPGOJIOTHYECKH W TEHETHYEeCKH HOBBIA BUJ
MIPOJIEMOHCTPUPOBAT POACTBO C IpyrmM BujgoMm c¢ Kamkaza — P. circassica Ivanova, Geraskina &

Spiridonov, 2020.
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