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Abstract

SEM studies of the two nematoddgiSernema abbagindS. riobraverevealed that they have two
horn-like structures on the labial region similar to thosg.dficornutumsS. ceratophorum, S. paki-
stanenseand S. thermophiliumThe structures were not mentioned in the original descriptions. In
addition ,S. riobravehas the twelfth pair of genital papillae at the edge of the cloaca. The papillae
at this position were reported only $ scapterisci.The formula of the lateral field pattern 8f
abbasiis 2, 6, 8, 7, 6, 2, and that $f riobraveis 2, 7, 8, 6, 2. Phylogenetic trees from sequences of
D2/D3, and ITS regions @teinernemapecies show that the four spe@eabbasiS. bicornutum

S. ceratophorumandsS. riobravecomprise a monophyletic group. These relationships support the
present morphological studies.
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Introduction

Morphological studies oSteinernema abbadtlawad, Amad & Reid, 1997 arf8l rio-

brave Cabanillas, Poinar & Raulston, 1994 showed that there are some structures which
are important in taxonomy but were not reported when the nematodes were described.
SinceS. abbasimay have a good potential for biological control of insects in subtropical
region, ands. riobravemay be used to control insect pests such as the citrus root weevils,
mole crickets etc, accurate identification of these nematodes becomes important. The pur-
pose of this paper is to present SEM structures of the two nematode species. Some of these
structures are important for their differentiation.
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ZOOTAXA Materials and methods

Scanning electron microscopyhe population ofS. abbasiused in these studies was
obtained from S. Elawad, University of Reading, UK;riobravefrom E. Cabanillas,
USDA, Weslaco, Texas, USA. The nematodes were maintained in last instar larvae of the
greater wax mothGalleria mellonella(L). To obtain nematodes of different stages,@n
mellonellawere exposed to 5000 infective juveniles in a petri dish (100 x 15 mm) lined
with two moistened filter papers. First-generation adult nematodes were obtained by dis-
secting infected insects 3 to 4 days after the insects died. Third-stage infective juveniles
(13) were obtained when they emerged from the cadavers (7-10 days after the insect died).
The methods reported by Nguyen and Smart (1995, 1997) were used in this study. Twenty
males and females, and 50 infective juveniles were used for observation.

Phylogenetic analysidn order to show that the new finding is in agreement with phy-
logenetic systematic, phylogenetic trees were created using sequences of D2/D3 and the
ITS regions ofSteinernemapecies available in the GenBank. ITS region$§.oébbasi
andS. rarumUSA strain were sequenced by us. The two speBiegakistanensandS.
thermophilumthat have horn-like structures could not be obtained for this study.

Alignment of multiple sequenceBhe processes of alignment used in these studies

were reported by Nguyen et al. (2001). The sequences of the D2/D3 region used for the
alignment were fromS. abbas{accession # AF3318909, affine(AF331899)S. arenar-
ium (AF331892),S. bicornutum(AF331904),S. carpocapsaéAF331900),S. ceratopho-
rum (AF331888).S. cubanunfAF331889),S. feltiae(AF331906).S. glaseriAF331908),
S. intermediun(AF331909),S. karii (AF331902),S. krausse(AF331896),S. kushidai
(AF331897),S. longicaudumChina strain (AF331894), USA strain (AF3319(.)mon-
ticolum (AF331895),S. oregonens€AF331891),S. puertoricens¢AF331891),S. rarum
Argentina strain (AF331905), USA strain (AY253298),riobrave(AF331893),S. scap-
terisci (AF331898),S. siamkayafAF331907), andPanagrellus redivivugAF331910).

ITS regions used for the alignment were frog: abbasi(AY248749), S. affine
(AF331912),S. bicornutum(AF121048),S. carpocapsa¢AF121049),S. ceratophorum
(AF440765),S. diaprepesfAF440764)S. feltiag(AF121050) S. glaseriAF1220115)S.
intermedium(AF122016) S. monticolunfAF122017)S. neocurtillagAF122018) S. ore-
gonense(AF122019),S. riobrave(AF192988),S. scapterisc(AF122020),Steinernema
diaprepesi (AF122021), an. siamkayafAF331917).

Phylogenetic analysigvlaximum parsimony analyses were performed using D2/D3
and ITS alignments. Maximum parsimony trees were constructed using Paup* 4.0b10
(Swofford, 2001). All steps suggested by Nguyen et al. (2001) were followed in this anal-
ysis.Panagrellus redivivusvas used as the out group taxon for the D2/D3 region (Stock et
al. 2001), and. intermediunfior the ITS regions (Nguyen et al. 2001).
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Result and Discussion ZOOTAXA

| |
Steinernema abbasi

Males Head region slightly swollen. Six labial, and four cephalic papillae prominent.
Amphids small (Fig. 1C). Posterior region with one single and 11 pairs of genital papillae
as described for moSteinernemapecies (Fig. 1D,E). Spicule head wider than long, ven-
trally directed; shaft present but short; velum present; spicule tip conoid, bluntly pointed
(Fig. 1F,G).

FIGURE 1. SEM of female and male &. abbasiA, anterior region of a female showing mouth,
labial papillae (I), amphid (a) and cephalic papillae (c); B, posterior region of a female showing
postanal swelling. C, anterior region of a male showing mouth, labial papillae (I), amphid (a) , and
cephalic papillae (c). D, posterior region of a male showing genital papillae. E, Posterior region of a
male showing preanal papillae. F,G, variation in shape of spicules. Scales: s BO= 30um;

C = 10um; D = 20um; E = 37.5um; E and F = 23im.

Females Head region of female as reported for otB&ginernemapecies. Six labial
and four cephalic papillae prominent, amphids rounded, small but obvious (Fig. 1A). Talil
conoid with ventral postanal swelling and prominent mucron (Fig. 1B).

Infective juvenilesLabial region of exsheathed 1Js with two horn-like structures (Fig.
2A,B) are difficult to see on ensheathed IJs, especially soon after the 1Js emerging from
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ZOOTAXA

Galleria mellonellacadaver (Fig. 2C,D). Perhaps, this is the reason why the structures
were not reported in the original description. Lateral field pattern begins anteriorly with
one line usually at the third or fourth annule (Fig. 3A). At annules 14 or 15, two other lines
appear to form 2 ridges. Near excretory pore, the lateral field changes gradually from two
to 6 (Fig. 3B). A short distance posteriorly, the two external ridges divide into two (Fig.
3B) making a total of 8 ridges [=9 incisures, 8 incisures was reported in the original
description (Alawad et al., 1997)], the maximum number of the lateral field (Fig. 3B,D,E).
Sometimes, the number of ridges in lateral field is not very clear as in Fig. 3C (ridge sec-
ond from the left is fainted). A short distance anterior to anus (Fig. 3E, arrow), the number
of ridges reduces to 7. From that point, the two submarginal ridges become large, then just
anterior to phasmid, the number of ridges in lateral field becomes 6 (Fig. 3F). Posterior to
the phasmid, the lateral field changes into two large ridges (Fig. 3 F). In general, the for-
mula of lateral field pattern (Adams & Nguyen, 200250fbbasis 2, 6, 8, 7, 6, 2.

FIGURE 2. SEM of anterior region of infective juveniles (1J) ®f abbasiA,B, labial region of
exsheathed 1J showing 2 horn-like structures in latggion. C,D, labial region of ensheathed
infective juveniles showing labial region without 2 horn-like structures. Scales: Ayw4.B = 5.0

pm; C,D = 3.0um.

4 © 2003 Magnolia Press NGUYEN & ADAMS



ZOOTAXA

\ ] i ]
FIGURE 3. SEM of lateral field of infective juveniles & abbasi A, anterior region of an infec-
tive juvenile showing the beginning of lateral field. B, anterior region of an infective juvenile show-
ing the changes of lateral field from 2 to 6 then to 8 ridges. C, lateral field with 8 ridges but the
second ridge from the left is fainted. D, latdi@ld with 8 ridges. E, lateral field with 8 ridges then
7. F, posterior part of lateral field showing phasmid (p) and the change of ridge number from 6 to 2.
Scales: A=7.um; B=5um; C=7.5um; D=6.6um; E,F=6.7um.

Steinernema riobrave

Males Anterior end similar to that of female in Fig. 4A but smaller. Posterior region
curved, having one single and 12 pairs of genital papillae in which one pair is located at
the edge of cloaca (Fig. 4B-E). This pair of papillae has been observed @lgdap-
terisci (Nguyen & Smart, 1992) arfél. riobrave

Females Female face view is very close to oti&teinernemaspecies with two
amphids, four cephalic papillae and 6 prominent labial papillae (Fig. 4A).
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FIGURE 4. SEM of female and males &f riobrave A, labial region showing the mouth, labial
papillae (I), amphid (a), and cephalic papillae (c). B, posterior regi@® dbbraveshowing 12
pairs (arrows) and a single (s) genital papillae. C-D posterior region of males showing theepresen
of a special pair of genital papillae at the edge of the cloaca (arrow). Scales: Aim;7B5= 60

pm; C = 8.6um; D = 10.0um; E = 17.6um.

Steinernema riobrave

Males Anterior end similar to that of female in Fig. 4A but smaller. Posterior region
curved, having one single and 12 pairs of genital papillae in which one pair is located at
the edge of cloaca (Fig. 4B-E). This pair of papillae has been observed @lgdap-
terisci (Nguyen & Smart, 1992) arfél. riobrave

Females Female face view is very close to ottgteinernemaspecies with two
amphids, four cephalic papillae and 6 prominent labial papillae (Fig. 4A).

Infective juvenilesAs in S. abbasijabial region of exsheathed 1J with two horn-like
structures (Fig. 5A,B). These structures on ensheathed IJs are not observed, especially
soon after the 1Js emerge frag mellonellacadavers (Fig. 5C,D). Lateral field pattern
begins anteriorly with one line usually at the second or third annule (Fig. 5B). At annules 8
or 9, two other lines appear to form 2 ridges (Fig, 6A). Near excretory pore, the lateral
field changes gradually from two to seven (Fig. 6A,B). A short distance posteriorly, the
central ridge divides into two (Fig. 6C) making a total of 8, the maximum number of the
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lateral field. Near anus, two dorsal marginal ridges reduce in width then disappear makiagoTAXA
a total of 6 ridges (Fig. 6D). Finally near phasmid, two submarginal ridges on both sidé
fused, the ventral external ridge, and two central ridges disappear forming two large ridges

in the lateral field (Fig. 6E,F). In general, the formula of lateral field pattegh wbbrave

is 2,7, 8, 6, 2. Phasmids present, ventral to lateral field (Fig. 6E,F). The number of ridges

in the lateral field was not reported in the original description (Cabanillas et al. 1994).

FIGURE 5. SEM of anterior region of exsheathed and ensheathed infective juveni&sriof

brave. A,B, labial region of exsheathed 1J showing 2 horn-like structures in labial region. C,D,
labial region of ensheathed infective juveniles showing labial region without 2 horn-like structures.
Scales: A-D = 4.3m.

Phylogenetic analysis

Phylogenetic relationships between specieSteinernemare shown in Fig. 7 and 8.
In both trees, the four nematode spectesgbbasiS. bicornutumsS. ceratophorumands.
riobrave comprise a phylogenetic group. The presence of horn-like structures on the labial
region of these four species constitutes an apparent synapomorphy that adds additional
support for this relationship.
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FIGURE 6. SEM of lateral field of infective juvenile ds. riobrave A, anterior region of an
infective juvenile showing the changes of lateral field pattern from 2 to 7. B,C, anterior region of an
infective juvenile showing the changes of lateral field from 7 to 8 ridges. D, lateral field changes
from 8 to 6 ridges. E,F, posterior region of lateral field of infective juvenile showing phasmid (p),
and the change of the ridge number from 6 to 2. Scales: A-Ra4.3
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ZOOTAXA
FIGURE 7. Phylogenetic relation-
ships between 15 species Sikein-
ernema with bootstrap analysis
(500 replicates) of ITS regions.
Note that the four species with
horn-like structuresS. abbasi, S.
bicornutum, S. ceratophorum, S. ri-
obravg form a monophyletic
group. The numbers represent
bootstrap proportions.

FIGURE 8. Phylogenetic relation-
ships between 22 species $ikein-
ernema with bootstrap analysis
(500 replicates) of D2/D3 regions.
A heuristic search was conducted
using maximum parsimony analy-
sis (PAUP). Note that the four spe-
cies with horn-like structuresS(
abbasi, S. bicornutum, S. cerato-
phorum, S. riobrave comprise a
monophyletic group. The numbers
represent bootstrap proportions.
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