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MORPHOLOGY AND MORPHOMETRICS OF ITALIAN POPULATIONS
OF BURSAPHELENCHUS SPECIES!

LAURA AMBROGIONI and S. CAROPPO

Summary. Observations are reported on the morphology and morphometrics of Italian populations of Bur-
saphelenchus spp. associated with Pinus spp. In Bursaphelenchus leoni males a small ventral preanal papilla
was detected, that had not previously observed; SEM revealed the presence of a knob-like appendage on the
spicule distal end of B. sexdentati, a morphological character that had not previously been described. B. teratos-
picularis, recorded for the first time in TItaly, is described in details. Selected morphometric characters are de-
scribed of two populations of B. leoni, seven of B. mucronatus, three of B. sexdentati and two of B. teratospi-

cularis.

A survey of the pine wood nematodes, Bur-
saphelenchus spp., was started in 1992 to deter-
mine their association with the decline and
death of trees observed in coniferous planta-
tions.

Bursaphelenchus xylophilus (Steiner et Buh-
rer) Nickle was never detected but four other
species of Bursaphelenchus were found which
were more or less widely distributed in the re-
gions sampled (Marinari Palmisano et al,, 1992;
Caroppo et al., 1998).

Morphological characteristics of Bursaphe-
lenchus species occurring in Italy, namely B.
mucronatus, B. leoni and B. sexdentati, have
been reported previously (Marinari Palmisano et
al., 1992; 1994; Marinari Palmisano and Ambro-
gioni, 1994). These observations have been ex-
tended with further detailed examination of the
morphometric variation of the species.

Materials and methods

Studies were undertaken on seven population
of B. mucronatus, three of B. sexdeniati and two
each of B. leoni and B. teratospicularis (Table 1)
extracted from pine trees in selected localities in
northern and central western Italy (Caroppo et
al., 1998). Specimens were killed and fixed in FP
4:1 hot solution, processed by the glycerol-etha-
nol method (Seinhorst, 1959) and mounted in
anhydrous glycerin. Measurements were made
with the aid of a camera lucida.

For scanning electron microscope (SEM) stud-
ies, made only on the population IT 2 (w) of B.
sexdentati, specimens were fixed in 4% glutaral-
dehyde for two hours, postfixed overnight in 2%
0Os04, then dehydrated in ethanol, critical point
dried and sputter coated with gold (Eisenbach,
1991 for observation in a Philips SEM.

! The study has been carried out with financial support from the Commission of the European Communities, Agriculture
and Fisheries (FAIR) specific RTD programme, CT 95-0083, “Pest Risk Analysis of pine wood nematode-related Bursaphelen-
chus species in view of South European pine wilting and wood imports from Asia”.
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Tanie I - Populations of Bursaphelenchus species used for the description of morphometrical characters.

Species Isolate No Region Locality (district) Host
O B. leoni IT1 (w) Tuscany Marina di Massa (MS)  P. pinaster
O B. leoni IT10 (w) Tuscany Piombino (L) P. halepensis
¢ B. mucronatus T4 (w) Piedmont Fenestrelle (TO) P. sylvestris
¢ B. mucronatus I'Ts5 (w) Piedmont Oulx (TO) P. sylvestris
¢ B. mucronatus IT6 (w) Piedmont Variselle (TO) P. nigra austriaca
¢ B. mucronatus IT7 (w) Piedmont Dronero (CN) P. strobus
¢ B. mucronatus I'T8 (w) Piedmont Monte Calvario (CN) P. sylvestris
¢ B. mucronatus IT12 ()* Liguria Prati di Pra (GE) P. pinaster
& B. mucronatus IT13 (w) Tuscany Marina di Massa (MS)  P. pinaster
¢ B. sexdentati IT2 (w) Tuscany Marina di Massa (MS) P, pinaster
¢ B. sexdentati IT9 (w) Tuscany Piombino (LI) P. halepensis
0 B. sexdentati 115 (w)** Piedmont Mond’Ovile (AL) P. pinaster
0 B. teratospicularis IT3 (w) Tuscany Marina di Massa (MS)  P. pinaster
0 B. teratospicularis IT11 (w) Tuscany Piombino (LD P. halepensis

¢ Natural population.
¢ In vitro reared population.

* Population isolated from Monochamus galloprovincialis galloprovincialis in a previous survey (Marinari Palmisano et al., 1992).
** Population isolated in a previous survey carried out in Piedmont.

Descriptions

BURSAPHELENCHUS LEONI Baujard, 1980
(Table II; Fig. 1)

Morphology and morphometrics of the Ital-
ian populations generally agree with the origi-
nal description (Baujard, 1980).

Cuticle finely annulated. Lip region frontally
rounded, set off from the rest of the body by a
deep constriction. Stylet with basal thickenings
weakly developed. Median bulb elongate-ovoid
in shape. Excretory pore just anterior to hemi-
zonid at the level of or just behind the nerve
ring. Number of incisures on the lateral field
not discernible.

Female - Body long with inflexion at vulva
when killed by heat. Ovary long and out-
stretched. Vulva with a cuticular flap, covering
and extending until 3.6 wm posterior to vulval
opening; area posterior to vulval flap often
swollen (Fig. 1A). Post-uterine branch long, of-

ten filled with sperm. Tail very long, conoid in
shape with slight ventral curvature and finely
rounded terminus (Fig. 1B), sometimes ending
in a very small digitate process or constriction.
Its width varies considerably.

Male - Body J-shaped when killed by heat.
Testis usually long and outstretched, reaching
almost the posterior end of oesophageal glands,
in one specimen also the base of the median
bulb, reflexed apically in some specimens as
much as two body widths. Spicules of the same
shape as the original description of the species
(Baujard, 1980), but at the end of the lamina
there is a slight posterior hook-like process
(Fig. 1C), previously not reported for B. leowi.
Three pairs of caudal papillae are present, one
subventral adanal, one ventral postanal at 55%
of tail length from cloaca and one ventral pair
of papillae, smaller than the others, at the be-
ginning of the bursa. A single ventral preanal
papilla is present at 3.6 wm anterior to cloaca,
but obscure in most specimens; it has not previ-
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TasLe 1T - Measurements of two Italian populations of Bursaphelenchus leoni.

IT1 (W) IT10 (w)
n 10@9 10 5o 1099 10 g
Body length 811.2469.0 674.2469.9 720.1463.1 633.8+80.6
(707.9-900.2)  (569.9-778.0)  (643.7-837.3)  (534.8-757.5)
8.5 10.4 8.8 12.7
Body width 21.312.0 18.9£2.2 18.5+1.3 16.0£1.9
(18.2-23.0) (14.5-21.8) (16.9-20.6) (13.3-19.4)
9.3 11.9 7.1 11.9
a 38.241.3 36.0£3.5 39.241.2 39.7+2.1
(35.8-39.6) (29.3-40.2) (38.0-40.7) (37.2-42.6)
3.3 9.6 3.0 5.3
Distance from anterior end to junction 78.5%5.5 75.9%3.6 70.912.5 71.8%6.5
of oesophagus and intestine (71.4-90.8) (72.6-84.7) (67.8-75.0) (65.3-85.9)
7.1 4.7 3.5 9.1
b 10.3£0.5 8.6+0.9 10.320.8 8.610.7
(9.7-11.1) (7.7-10.D (7.7-10.1) (8.1-10.0)
4.8 9.6 9.6 7.8
Distance from anterior end to posterior 148.7+12.7 140.4+11.3 138.4£11.3 128.617.5
end of oesophageal glands (133.1-169.4)  (121.0-154.9)  (125.8-152.5)  (121.0-145.2)
8.5 8.0 7.5 5.8
b’ 5.530.6 4.8+0.7 5.310.7 4.910.6
(4.9-0.5) (3.7-6.1) (4.2-6.2) (4.1-5.9)
10.1 15.1 13.4 11.1
Distance from anterior end to base of 73.6£5.1 70.943.8 68.2+2.2 66.114.1
median bulb (66.6-85.9) (64.1-78.7) (65.3-72.0) (61.7-75.0)
7.0 5.4 3.2 6.2
bl 11.1£0.8 9.5£1.0 10.7£1.0 9.44+0.7
(10.1-12.7) (8.2-11.6) (8.9-12.4) (8.7-10.4)
6.8 10.9 9.7 7.0
Oesophageal glands overlapping 69.9£11.8 03.1£10.7 66.74£12.2 59.3£5.6
intestine length (52.0-90.8) (47.2-81.1) (44.5-84.7) (52.0-67.0)
16.9 17.0 18.3 5.5
Oesophageal glands overlapping 4.010.8 3.9+0.9 4.910.9 4.310.5
intestine length/Body width to junction (2.9-5.4) (2.8-5.6) (3.7-6.49) (3.6-5.0)
of oesophagus and intestine 20.9 234 17.7 11.1
Stylet length 14.740.9 14.4+0.7 14.610.8 14.6+1.0
(13.3-16.9) (13.3-15.7) (13.3-15.7) (13.3-15.7)
6.1 5.1 5.6 6.6
Distance from anterior end to excretory 97.116.8 94.146 .4 89.314.7 80.3£8.2
pore (84.7-106.5)  (87.1-106.5) (84.7-96.8) (78.7-104.1)
7.0 6.8 5.2 9.6
Distance from anterior end to hemizonid 102.3£6.2 98.4£5.0 97.2+4.1 91.617.3
(95.6-110.1)  (92.0-107.7)  (88.3-102.9)  (84.7-106.5)
6.0 5.1 4.3 8.0
A% 70.2+1.6 70.3x£1.0
(66.3-71.8) (68.4-71.1)
2.2 1.4
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TaBLE II - Continued.

IT1 (W) IT10 (w)
Anterior genital branch length 320.8+68.1 455.0490.3 302.5190.7 366.3£74.0
(233.5-425.9)  (284.4-532.4)  (150.0-442.9)  (284.4-544.5)
21.2 19.9 30.0 20.2
Gl 39.517.3 41.5+11.0
(29.9-51.4) (19.4-52.9)
18.5 26.4
Post-uterine branch length 111.219.3 93.248.4
(96.8-127.1) (78.7-104.1)
8.4 9.1
G2 13.810.9 12.9£1.5
(11.7-15.2) (10.8-14.6)
6.6 11.9
T 67.6£11.7 58.01£10.3
(38.3-80.2) (43.9-81.2)
17.3 17.8
Vulval - anus distance 174.1£21.1 152.4+16.6
(151.3-217.8) (127.1-181.5)
12.1 10.9
Post-uterine branch length % / 64.315.1 61.848.3
Vulval - anus distance (55.6-72.0) (50.0-74.3)
8.0 13.5
Body diameter at vulva 20.512.0 17.4%1.7
(18.2-24.2) (15.7-19.4)
9.7 9.5
Post-uterine branch length / 5.5+0.3 5.4%0.6
Body diameter at vulva (4.9-5.9) (4.4-6.0)
6.0 10.6
Tail length 67.618.9 32.141.6 63.618.3 294422
(53.2-85.9) (29.0-33.9) (50.8-78.7) (26.6-33.9)
13.1 5.1 13.0 7.6
C 12.1+1.2 21,1423 11.6+1.3 21.5%1.7
(10.5-13.8) (17.8-24.4) (9.9-13.6) (19.2-24.1)
9.7 11.0 10.8 8.0
Body width at anus 11.9£1.8 14.610.8 10.5£0.7 13.7£1.1
(8.5-14.5) (13.3-15.7) (9.7-11.2) (12.1-15.7)
14.9 5.6 6.5 8.3
c 5.810.8 2.240.1 6.0+0.9 2.240.1
(5.1-7.7) (2.0-2.9) (4.7-7.2) (2.0-2.9)
14.0 5.9 14.1 6.5
Spicules (chord) 19.0£1.0 17.311.2
(18.2-20.6) (15.7-19.4)
5.2 6.8

All measurements are in pm. The measurements are given as: arithmetic mean * standard deviation, (minimum - maximum)

and coefficient of variation.
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ously been reported in males of B. leoni. A
short rectangular bursa with two small projec-
tions surrounds the end of the tail (Fig. 1D).

Females from isolate I'T1 (w) have the high-
est values for body length, distance from anteri-
or end to excretory pore, post-uterine branch
length and tail length, among the other known
values of the females (Baujard, 1980; Marinari
Palmisano and Ambrogioni, 1994; Philis and
Braasch, 1996).

No appreciable difference for the CV has
been found between the two populations for
most of the characters in both females and
males. The lowest CV values correspond to the
“a” ratio and “V” value in the females.

In Italy the species was recovered from the
wood of Pinus sylvestris L., a new host for B. le-
oni, in Friuli Venezia Giulia; from P. pinaster
Ait. in Emilia Romagna and Tuscany; from P.
pinea L. in Tuscany and on P. halepensis Mill. in
Tuscany and Apulia (Ambrogioni et al., 1994;
Caroppo et al., 1998).

BURSAPHELENCHUS MUCRONATUS
Mamya et Enda, 1979
(Tables 11T and V)

Italian populations were previously de-
scribed (Marinari Palmisano et al., 1992; Marina-
ri Palmisano et al., 1994; Marinari Palmisano
and Ambrogioni, 1994). Their morphometrics
generally agree with those reported for speci-
mens of various geographical regions (Mamya
and Enda, 1979; Mc Namara and Stgen, 1988;
Tomminen et al., 1989; Braasch, 1991).

Females of populations IT6 (w) and IT8 (w)
have the highest values for most of the mor-
phometric characters among all Italian popula-
tions of the species and the females of IT5 (w)
and IT12 (1) show the lowest values (Tables 1II -
IV). The males of the population IT6 (w) can be
differentiated by the highest values of body
length, oesophageal glands overlapping intes-
tine length, distance from anterior end to poste-

rior end of oesophageal glands, and distance
from anterior end to hemizonid. The highest
mean value of stylet length was observed in
both sexes of the population IT4 (w).

The females of the population IT8 (w) and
both sexes of IT6 (w) have the greatest size
among those of all other European and Japa-
nese populations (Mamya and Enda, 1979;
Tomminen et al., 1989; Braasch, 1991).

Among the other populations, 1T13 (w) has
the lowest CV values for most of the characters,
particularly in the females, whereas the females
of IT6 (w) and males of ITS (w) have generally
the highest values. The homogeneity of popula-
tion IT13 (w) may be attributed to the few
specimens (n = 4) used to establish the culture
(Caroppo et al., 1998).

The lowest CV values correspond to “V” val-
ue in the females of all populations.

B. mucronatus appears widespread in Ttaly
where it was found for the first time associated
with Monochamus galloprovincialis galloprovin-
cialis (Ol.) on P pinaster in three localities of
Liguria (Marinari Palmisano et al., 1992). The
species was reported also on P. pinaster, P. ni-
gra austriaca Armn., P. strobus L., P. sylvestris in
Piedmont and on P. pinaster in Tuscany (Carop-
po et al., 1998).

BURSAPHELENCHUS SEXDENTATI
Riuhm, 1960
(Table V; Figs. 2-4)

Syn.: Aphelenchoides (Bursaphelenchus) sexden-
tati Rithm, 1960
B. bakeri Rihm, 1964 (= junior objective
synonym,)

B. naujaci Baujard, 1980

The Italian populations of the species are
morphologically very similar to the original de-
scription (Riihm, 1960), with the exception of
some biometrical characters.
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TaLe 1T - Measurements of four Italian populations of Bursaphelenchus mucronatus.

IT4 (w) ITS (W) 1T6 (w) IT7 (w)
n 10 @9 10 oo 10 @9 10 g 10 @9 10 5 10 @9 10 o3
Body length 861.4t71.6 832.7£66.6 733.9463.9 740.6483.0 967.3%113.0 952.0£93.4 864.1£92.6 797.315.6
(757.5966.8)  (735.7-963.2)  (605.0-824.0)  (578.4-860.3)  (749.0-1103.5) (818.0-1137.4) (735.7-997.0)  (715.1-905.1)
8.3 8.0 8.7 11.2 11.7 9.8 10.7 6.5
Body width 23.6+2.3 18.6£0.8 17.9£17 16.8+2.4 22.941.4 19.241.5 20.8+2.0 15.8+0.9
(20.6-27.8) (16.9-19.4) (15.7-21.8) (14.5-22.4) (20.6-25.4) (15.7-21.8) (16.9-23.0) (14.5-16.9)
9.7 45 9.6 14.5 6.3 7.8 9.8 5.6
a 36.611.6 45.013.3 41.243.9 44.746.2 42.444.7 50.0£5.4 41.814.7 50.3£2.1
(33.8-39.2) (40.5-49.8) (33.3-45.1) (31.1-51.6) (32.6-47.5) (42.3-58.8) (33.8-49.4) (47.7-53.4)
44 7.3 9.4 13.8 11.0 10.8 11.3 4.1
Distance from anterior end to 79.742.1 80.3+3.3 76.244.0 72.316.5 79.6£6.0 77.5£2.6 77.1%3.9 74.5+2.0
junction of oesophagus and intestine (77.4-83.5) (72.6-84.7) (70.2-82.3) (66.6-88.3) (70.2-87.1) (72.6-82.3) (71.4-82.3) (71.4-77.4)
2.6 4.1 53 9.0 7.6 3.4 5.1 2.7
b 10.9+1.0 10.4£1.2 9.8+0.8 10.3£1.2 12.241.3 12.3%1.1 11.2+0.8 10.7£0.5
9.6-12.3) 9.1-13.3) (8.2-10.8) (8.2-11.5) (10.7-14.3) (10.7-14.5) 9.7-12.2) 9.7-11.7)
2.6 111 7.8 11.2 10.6 8.6 7.5 5.0
Distance from anterior end to 147.8+10.8 135.947.2 137.4¢11.1 128.048.2 147.2+14.8 144.5413.8 146.646.5 134.1£10.8
posterior end of oesophageal glands (133.1-173.0)  (127.1-1525)  (118.6-1549)  (1125-136.7)  (127.1-165.8)  (124.6-171.8)  (139.2156.1)  (124.6-152.5)
7.3 5.3 8.1 64 10.0 9.6 44 8.0
% 5.940.6 6.1£0.6 5.4%0.3 5.810.4 6.610.5 6.7£0.8 5.940.5 6.020.4
(45-6.9 (5.7-7.6) (4957 (5164 5973 (5.6-8.0) (5.2-6.7) (5.2-6.9)
9.4 10.1 5.0 73 7.0 113 8.6 6.4
Distance from anterior end to 73.311.6 74.442.8 09.6+3.6 66.817.1 74.145.2 72.142.6 71.443.4 69.442.5
base of median bulb (71.4-76.2) (67.8-78.7) (64.1-76.2) (60.5-84.7) (65.3-81.1) (67.8-76.2) (66.6-76.2) (66.6-72.6)
22 3.8 5.1 10.7 7.0 3.6 48 3.6
bl 11.8£1.0 11.241.2 10.510.6 11.2+1.3 13.1£1.3 13.241.1 12.1£0.9 11.540.5
(10.4-13.3) (9.8-14.2) (9.4-11.6) (8.5-12.5) (11.5-15.0) (11.8-15.7) (10.7-13.3) (10.6-12.5)
84 10.7 5.4 11.9 9.8 85 7.7 43
Oesophageal glands 63.918.1 55.745.8 61.7£10.0 55.818.0 70.5£10.8 67.0£12.8 69.5£3.9 59.5%9.3
overlapping intestine length (48.4-72.6) (46.0-67.8) (44.8-78.7) (42.4-67.0) (53.2-84.7) (48.4-93.2) (62.9-75.0) (50.8-76.2)
12.7 10.4 16.2 143 153 19.0 5.7 157
Oesophageal glands overlapping 3.920.4 3.510.4 42407 3.9£0.6 4.240.7 4.0+1.0 4.240.3 4.0£0.6
intestine length / Body width to (3.14.3) (274.3) (2954 (234.6) (32-5.2) (27-5.5) (3.9-4.8) (35-5.2)
junction of oesophagus and intestine 105 11.6 17.8 16.0 154 25.2 7.6 15.2
Stylet length 16.5£0.5 16.7£0.4 14.7£0.5 14.6£0.9 15.1£1.0 14.8£0.8 15.040.7 14.740.5
(15.7-16.9) (15.7-16.9) (13.9-15.7) (13.3-16.9) (13.3-16.9) (13.3-15.7) (14.5-16.3) (13.9-15.7)
3.0 25 3.4 0.3 0.0 55 47 33
Distance from anterior end to 76.646.3 79.747.5 72.8t6.6 58.947.5 82.3t6.4 77.1£7.9 69.9412.5 62.544.9
excretory pore (70.2-84.7) (67.8-88.3) (64.1-81.1) (52.0-75.0) (76.2-93.2) (66.6-88.3) (52.0-90.8) (56.9-72.6)
8.2 9.4 9.0 12.7 7.8 10.2 17.8 7.8
Distance from anterior end to 943433 96.812.6 89.9£4.0 87.3183 100.3%5.3 98.219.3 93.915.3 04.242.5
hemizonid (88.3-99.2) (94.4-101.6) (84.7-94.4) (78.7-102.9) (94.4-108.9) (84.7-108.9) (85.9-102.9) (90.8-98.0)
34 27 45 9.5 5.3 9.5 5.7 27
v 74.4%1.6 74.441.0 759415 73.6+1.8
(72.277.2) (72.5-75.6) (73.2-77.9) (71.7-78.1)
2.1 13 2.0 25
Flap length 10.240.6 8.5t1.0 9.540.7 8.611.0
(9.7-10.9) (7.39.7) (8.5-10.9) (7.39.7)
57 114 7.3 11.6
Anterior genital branch length 418.7466.9 507.1+49.4 304.3457.3 399.2485.4 420.9+1208  504.5£167.2 305.8+89.8 471.0453.9
(3025-490.1)  (435.6-580.8)  (205.7-381.2)  (227.5-481.6)  (290.4-677.6)  (318.2-834.9)  (260.2-490.1) (399.3-553.0)
16.0 9.7 18.8 21.4 28.7 332 245 11.5
Post-uterine branch length 139.1£11.0 104.9£12.7 140.0£23.1 130.3+11.7
(121.0-156.1) (84.7-127.1) (115.0-188.8) (121.0-157.3)
79 121 16,5 9.0
T 61.146.1 53.5t8.0 53.2%17.5 59.1%6.2
(49.4-71.9) (39.3-64.5) (31.9-81.7) (51.2-68.3)
9.9 15.0 32.8 10.6
Vulval - anus distance 189.7+17.0 158.4414.0 201.0425.4 202.3120.8
(160.9-220.2) (129.5-177.9) (160.9-239.6) (169.4-242.0)
9.0 8.8 12.7 10.3
Post-uterine branch length % / 73.543.5 66.5+7.8 69.5£8.3 64.8t5.4
Vulval - anus distance (65.9-78.2) (56.0-76.9) (59.8-84.8) (57.6-71.9)
4.7 11.7 12.0 8.4
Body diameter at vulva 21.4£1.6 16.642.2 20.7£1.6 19.9£1.6
(18.2-23.0) (14.5-21.8) (18.2-24.2) (16.9-21.8)
75 13.0 79 8.2
Post-uterine branch length / 6.540.6 6.440.7 6.9£1.6 6.610.8
Body diameter at vulva (5.7-8.0) (5.4-7.6) (5.3-10.49) (5.7-8.1)
9.0 10.9 229 12.4
Tail length 31.142.4 20.9+2.1 30.8+2.5 28.143.4 32.0+3.3 204121 32.844.3 28,4419
(27.8-35.1) (26.6-33.9) (25.4-33.9) (24.2-33.9) (26.6-36.3) (26.6-32.7) (26.6-39.9) (24.2-30.3)
7.8 7.1 82 12.2 10.5 7.1 13.0 68
4 27.9%2.8 28.0+2.2 24.0£2.7 26.5%2.1 30.312.8 32.513.3 26.5%1.7 28.142.1
(22.4-31.4) (24.3-32.5) (20.0-28.4) (23.9-31.0) (26.6-34.7) (28.2-40.9) (24.4-28.9) (26.0-33.3)
10.0 7.8 114 8.0 9.2 10.3 6.5 7.6
Body width at anus 15.241.0 15.3+0.8 8.910.8 134213 10.4+0.6 16.7+1.5 9.6+0.2 15.0+0.8
(14.2-16.9) (14.5-16.9) (8.5-10.9) (10.9-15.7) (9.7-10.9) (13.3-18.2) 9.19.7) (14.5-16.9)
6.3 5.2 9.0 10.0 5.7 9.0 19 5.6
¢ 3.1%0.3 3.6£0.4 3.540.4 21403 3.1+0.3 1.9£0.1 3.440.4 1.9£0.1
(2.6-3.6) (3.2-4.3) 2.7-4.0) (1.6-2.6) (2.7-3.8) (1.7-2.0) (2.8-4.1) (1.7-2.0)
9.7 10.4 125 13.2 10.3 4.0 123 48
Mucron length 2.6£0.5 2.7+0.4 3.840.6 3.310.6
(1.8-3.6) (2.4-3.6) (3.0-4.8) (244.2)
189 15.6 16.7 19.4
Spicules 30.6£1.0 27.2%15 30.6£1.8 27.741.6
(29.0-31.5) (24.2-30.3) (27.8-32.7) (25.4-30.3)
33 5.7 5.7 5.0
Spicules (chord) 27.2+¢1.9 24.340.7 27.9+19 23.840.8
(25.4-29.0) (23.0-25.4) (25.4-30.3) (23.0-25.4)
7.0 28 6.6 3.4




TABLE IV - Measurements of three ltalian populations of B. mucronatus.

IT8 (w) 1T12 (D 1T13 (w)
n 1099 1003 10Q% 109c 1099 1093
Body length 042.8187.4 758.2188.0 722.1466.2 670.4+50.4 805.0+26.7 737.4+60.2
(847.0-1124.1) (619.5-865.2) (621.9-810.7) (597.4-740.5) (764.7-845.8) (667.9-844.6)
9.3 11.6 9.2 7.5 3.3 8.2
Body width 25.813.2 19.312.1 19.9+2.5 17.3+1.2 18.3+1.2 16.241.2
(23.0-33.9) (16.9-23.0) (16.9-24.2) (15.7-19.4) (15.7-19.4) (14.5-18.2)
12.3 10.8 12.6 6.8 6.7 7.2
a 36.8+2.6 39.543.6 36.743.7 38.812.5 44.242.9 45.5%£1.9
(33.2-42.2)  (34.1-465) (31.7-44.3) (35.343.7)  (40.0-49.9)  (43.1-48.2)
7.0 9.0 10.1 6.4 6.6 42
Distance from anterior end to 74.2+4.5 70.243.1 73.0£4.0 73.245.7 75.5312.8 73.943.0
junction of oesophagus (66.6-82.3)  (653-76.2)  (66.6-77.4)  (605-79.9)  (70.2-787)  (66.6-76.2)
and intestine 6.0 4.4 5.5 7.8 3.8 4.1
b 12.7£0.9 10.811.1 9.911.0 9.210.8 10.720.5 10.0£0.7
(11.4-13.8) (8.7-12.5) (8.9-12.1) (8.0-10.6) (10.2-11.8) (8.9-11.1)
7.1 10.5 9.8 8.7 4.7 7.4
Distance from anterior end to 145.9£9.5 132.448.1 130.3%£7.9 129.7£3.8 135.8%£5.0 132.5+6.1
posterior end of oesophageal (127.1-156.1) (121.0-146.4) (115.0-141.6) (124.6-134.3) (128.3-146.4) (127.1-144.0)
glands 6.5 6.1 6.1 2.9 3.7 4.6
b’ 6.510.6 5.710.5 5.510.3 5.240.4 5.910.3 5.6+0.6
(5.8-7.49) (4.8-6.5) (5.1-6.1) (4.7-5.7) (5.6-0.4) (4.6-6.6)
9.0 8.7 5.3 6.8 4.4 10.6
Distance from anterior end to 68.1£5.5 64.513 .4 67.6£2.7 68.6£3.9 71.0£2.6 69.0%3.1
base of median bulb (60.5-774) (593714  (64.1-71.4)  (60.5-72.6)  (65.3-73.8) (64.1-72.6)
8.0 53 4.0 5.7 3.6 45
bl 13.911.0 11.8+1.2 10.7£1.0 9.8+0.7 11.4%0.6 10.71£0.8
(12.2-15.4)  (9.5-13.4) (9.5-12.6) ®6-11.1D)  (10.8-12.6)  (9.5-12.0)
7.4 10.3 9.1 7.4 49 7.5
Oesophageal glands 71.7£6.7 62.245.8 56.6+5.4 56.545.5 60.54.4 58.618.2
overlapping intestine length (60.5-81.1)  (53.2-72.6)  (46.0-653)  (48.4-66.6) (54.5-67.8)  (50.8-72.6)
9.4 93 9.5 9.7 7.2 13.9
Oesophageal glands overlapping 4.0£0.3 3.810.3 3.610.2 3.8+0.4 4.0£0.4 3.9%0.5
intestine length / Body width to (3.5-4.49) (3.5-4.3) (3.2-3.9) (3.3-4.0) (3.5-4.7) (3.2-5.0)
junction of oesophagus and intestine 7.6 7.2 6.1 111 9.6 14.0
Stylet length 15.840.8 15.320.5 14.310.6 13.710.6 15.1£0.6 15.1£0.6
(14.5-16.9)  (145-157) (133151  (13.3-145 (145157 (145157
4.9 33 4.4 4.2 3.7 4.2
Distance from anterior end to 71.8+4.3 72.5%5.8 74.1+7.0 75.814.5 75.144.7 71.945.6
excretory pore (66.6-78.7)  (66.6-84.7)  (58.1-81.1)  (66.6-82.3)  (66.6-80.0)  (62.9-79.9)
6.0 8.0 9.5 6.0 6.3 7.7
Distance from anterior end to 91.0%+1.8 90.5%4.1 90.4+6.6 92.8%5.5 01.7£3.5 90.4£2.9
hemizonid (88.3-94.4)  (83596.8) (78.7-90.8) . (85.9-101.6) (84.7-98.0)  (85.9-94.4)
2.0 4.5 7.3 6.0 3.4 3.2
A% 76.0£1.5 73.5+1.1 73.2+1.4
(73.1-78.7) - (71.6-75.0) (71.7-76.3)
2.0 1.5 1.9
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TABLE IV - Continued.

IT8 (w) IT12 () IT13 (w)
Flap length 10.241.3 8.311.6 8.610.6
(7.3-11.5) (6.1-10.3) (7.3:97
13.0 18.6 6.9
Anterior genital branch length 53224732 537.4%69.8  309.74782  378.4+49.8  271.3t41.7  341.6+29.9
(429.6-635.3) (405.3-632.8) (205.7-429.6) (296.5-457.4) (213.0-347.3) (273.5-381.2)
13.8 13.0 253 13.2 15.4 8.8
Post-uterine branch length 153.1£13.4 115.2417.1 130.7+11.9
(127.1-173.0) (84.7-133.1) (102.9-145.2)
8.8 14.8 9.1
T 71.1£7.5 56.34+3.8 46.6+5.8
(61.7-85.9) (49.3-63.4) (37.4-54.6)
10.6 6.8 12.4
Vulval - anus distance 196.6£20.2 162.2+13.6 182.3+7.4
(167.0-239.6) (136.7-183.9) (169.4-198.4)
10.3 8.4 4.0
Post-uterine branch length % / 78.144.7 71.3£10.5 71.615.1
Vulval - anus distance (71.8-83.9) (55.2-83.7) (60.7-80.0)
6.0 14.7 7.1
Body diameter at vulva 23.1£1.9 17.6£1.7 17.8£0.9
(20.6-27.8) (14.5-19.4) (16.9-19.4)
8.3 9.2 48
Post-uterine branch length / 6.620.6 6.620.9 7.310.6
Body diameter at vulva (5.8-8.0) (5.3-7.9) (6.1-8.0)
9.5 14.3 7.5
Tail length 31.6+1.8 29.4%1.2 29.11£2.3 27.3+1.3 33.242.1 28.211.0
(29.0-33.9) (278315  (254-327)  (254-29.0)  (30.3-36.3)  (26.6-30.3)
5.7 4.0 8.0 47 6.4 3.6
c 299121 25.812.5 25.0+2.8 24.6+2.0 244421 26.2+2.1
(25.2-33.2)  (21.3-29.1)  (22.0-30.2) (20.6-26.8)  (21.8-27.3)  (24.0-30.3)
7.0 9.8 11.0 8.3 8.7 7.9
Body width at anus 10.310.6 16.140.8 9.141.0 14.1£1.0 8.710.7 14.4£0.9
0.7-109 (145169  (7.3109  (121-157) (7.3-97 (13.3-15.7)
6.1 5.0 11.1 6.9 8.0 6.1
c 3.1£0.3 1.810.1 3.210.2 1.940.1 3.910.4 2.020.1
(2.7-3.5) 1.7-1.9) (2.9-3.6) (1.7-2.D (3.3-4.7) (1.8-2.2)
9.4 4.9 7.1 7.3 10.6 7.1
Mucron length 4.420.5 2.510.5 3.440.6
(3.6-4.8) (1.8-3.6) (2.4-4.2)
11.1 18.7 18.4
Spicules 29.5+1.5 26.240.9 28.8£1.6
(27.8-31.5) (25.4-27.8) (25.4-31.5)
4.9 3.4 5.6
Spicules (chord) 25.5%2.1 22.3+1.2 23.8+1.7
(21.8-29.0) (20.6-24.2) (21.8-26.6)
8.1 5.4 7.1
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Medium to long nematodes (Table V). Cu-
ticle finely annulated. Head rounded relative-
ly high, offset by a shallow constriction (Fig.
2A). En face SEM view of head region shows
six labial lobes with four slightly elevated ce-
phalic papillae located on each subdorsal and
subventral cephalic sectors and two pore-like
amphidial apertures dorso-medially located
_-on lateral cephalic sectors (Fig. 3A). A distinct
labial disc is visible within a ring of inner pa-
pillae (frequently obscured) closely surround-
ing a well defined circular stomatal aperture.
SEM revealed only four sublateral inner papil-
lae. Six larger protuberances encircling the in-
ner papillae, and corresponding to the outer
labial papillae, are present. Stylet with moder-
ately developed basal thickenings. Median
bulb oval. Excretory pore anterior to hemi-
zonid, the position varying between the junc-
tion of oesophagus and intestine and the
hemizonid.

Lateral field with four incisures (Fig. 3D),
beginning midway between anterior extremity
and start of metacorpus (Fig. 3C), extending
posteriorly to the tail tip, but reduced to three
incisures below the anus in the female (Figs.
3E-G) and to the level of preanal papilla in the
male. In the latter the lateral field is less dis-
tinct from the preanal papilla to the bursal
flap.

Female - Body ventrally slightly arcuate
when killed by heat and with a postvulval con-
striction. Vulva with anterior lip extending
about 2 um posterior to the opening (Figs. 4A-
B). Exposed area posterior to vulval flap swol-
len (Fig. 2C). Post-uterine branch long and wide
usually filled with sperms. Tail gradually taper-
ing, conical conoid in shape with variable ter-
minus, rounded or slightly digitate (Figs. 3E-G).
Anus sometimes a dome-shaped slit in ventral
view (Fig. 3F).

Male - Body ventrally arcuate, C shaped
when heat killed, with tail curled, the extent of
curl variable (Figs. 2E; 4C-D). Testis not always
outstretched, sometimes reaching posterior end

of oesophageal glands or beyond. Basic shape
of the spicules similar to original description
(Ruhm, 1960), but differing in the lamina being
more curved and with a knob-like appendage
at the distal end, not described before (Figs.
2D-E; 4D-E). Seven preanal and postanal papil-
lae present (Figs. 4C-D): one preanal ventrome-
dian at the level of cloaca, smaller than others
and obscure in most specimens (visible with
SEM); one pair of subventral adanal papillae,
one pair of postanal papillae at 35-48% of tail
length from cloaca, one ventral pair of papillae
at 48-60% of tail length, behind cloaca at level
of bursal flap. Bursa relatively long, usually oval
shaped in ventral view, with two small projec-
tions at the sides of the terminal margin (Fig.
4F).

No appreciable differences were found in
the morphological characters in both females
and males among the Italian populations of B.
sexdentati.

Some morphometrical characters show dif-
ferences from the values given by other authors
for B. sexdentati, B. bakeri and B. naujaci
(Rihm, 1960; Baujard, 1980; Tarjan and Aragon,
1982; Marinari Palmisano and Ambrogioni,
1994). The ranges observed for most of the
measurements of the females and males from
I15 (w) are narrower than those known for B.
sexdentati and synonyms of the species. Both
sexes of the population IT9 (w) are more slen-
der than in other descriptions (Rithm, 1960;
Baujard, 1980).

In the Italian populations the lowest CV val-
ues correspond to “V” value, the highest CV
values for the characters of both sexes is shown
by the population IT2 (w).

B. sexdentati was reported for the first time
in Italy on P. pinaster in Emilia Romagna (Am-
brogioni et al., 1994). The species also occurs
on P. pinaster in Piedmont and on P. pinaster,
P. halepensis and P. pinea in Tuscany (Caroppo
et al., 1998). The two last coniferous species, to
the best of our knowledge, are new hosts for B.
sexdentati.
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TABLE V - Measurements of three Italian populations of Bursaphelenchus sexdentati.

T2 (w) IT9 (w) 115 (w)
n 1099 1093 1099 109c 1099 102
Body length 880.5£193.9  859.0498.9  1106.2499.6 960.6+113.2 704.8£78.4  653.0£50.2
(613.5-1171.3) (703.0-1049.1) (983.7-1314.1) (749.0-1154.3) (599.0-838.5) (540.9-724.8)
21.9 115 9.0 11.8 11.1 7.7
Body width 22.213.5 19.144.1 21.812.4 168.912.9 17.5x1.9 13.920.6
(15.7-27.8) (12.1-24.2) (18.2-26.6) (13.3-23.0) (15.7-20.6) (13.3-14.5)
15.6 21.5 11.0 15.1 11.1 45
a 39.9+4.5 46.247.7 51.044.2 51.6£2.8 40.313.6 47.0%3.2
(32.4-447)  (36.0-58.0)  (43.6-57.2)  (46.9-56.3)  (35.9-45.8)  (40.6-50.6)
11.2 16.6 8.2 5.3 91 6.8
Distance from anterior end to 69.743.9 67.315.3 76.242.8 72.514.4 72.3£2.9 70.314.8
junction of oesophagus and intestine  (62.9-75.0)  (58.1-72.6)  (72.6-79.9)  (66.6-82.3)  (66.6-75.0)  (64.1-78.7)
5.6 7.9 3.6 6.0 34 6.8
b 12.812.8 12.811.3 14.2£1.1 13.311.6 9.5%1.0 9.510.9
(8.5-17.3) (11.0-15.2) (12.7-15.7) (10.0-16.2) (8.5-11.4) (8.2-10.9)
21.9 9.9 7.6 12.1 10.2 9.4
Distance from anterior end to 137.048.0  133.0+13.6  156.619.1  140.6+15.6  137.045.9 133.0+8.9
posterior end of oesophageal glands (123.4-147.6) (106.5-150.0) (142.8-170.6) (123.4-164.6) (127.1-147.6) (112.5-141.6)
5.8 10.3 5.8 11.1 4.3 6.7
b’ 6.4%1.2 6.610.8 6.940.6 7.1+0.9 5.210.5 5.1+0.5
(4.7-7.9) (5.2-7.7) (6.1-8.0) (6.1-8.5) (4.6-6.2) (4.5-6.1)
17.9 12.1 9.0 12.8 10.5 10.1
Distance from anterior end to base 63.3+2.6 60.9+4.2 72.046.4 68.9+4.4 61.241.8 62.343.7
of median bulb (59.3-69.00  (53.2-67.8)  (62.9-87.1)  (62.9-78.7)  (56.9-62.9)  (54.5-66.6)
4.0 7.0 9.0 6.4 3.0 5.9
bl 14.0£3.0 14.0+1.4 15.4+1.4 14.1+1.7 11.5+1.2 10.510.7
(9.4-19.0) (12.2-16.7) (13.5-17.8) (10.5-17.1) (9.9-13.3) (9.4-11.3)
213 10.2 9.2 12.3 10.6 6.4
Oesophageal glands overlapping 67.318.5 64.6£9.9 80.318.5 08.4114.2 66.416.7 62.746.3
intestine length (56.9-79.9)  (48.4-787)  (67.8-92.0)  (53.2-944)  (56.9-75.0)  (48.4-70.2)
12.7 153 10.6 20.3 10.1 10.1
Oesophageal glands overlapping 4.440.6 4.4+0.8 5.3+0.8 4.811.1 5.5%0.7 5.610.5
intestine length / Body width to (3.6-5.5) (3.6-5.9) (3.7-6.0) (3.5-6.4) (3.9-6.2) (4.7-6.2)
function of oesophagus and intestine 13.2 18.5 14.8 22.8 13.4 8.6
Stylet length 15.240.6 15.010.6 15.910.7 15.740.6 13.540.6 13.7£0.9
(145157 (145157 (145169 (145169  (127-145)  (12.1-157)
3.9 3.9 4.4 4.0 4.7 7.0
Distance from anterior end to 79.016.4 75.317.5 85.5£4.9 87.747.3 72.7£3.7 73.913.3
excretory pore (73.890.8)  (60.5-87.1)  (78.792.7) (75.0-102.9) (678787  (67.8-78.7)
8.1 9.9 5.7 8.4 5.1 4.4
Distance from anterior end to 86.948.9 83.948.7 94.0+4.3 94.5£7 .4 81.316.6 81.743.6
hemizonid (78.7-101.6)  (66.6-95.6)  (88.3-100.4) (85.9-111.3)  (72.6-90.8) (75.0-87.0)
10.2 104 4.6 7.8 8.1 4.4
v 74.1£2.2 74.143.1 74.511.4
(67.9-75.4) (71.9-82.5) (71.1-76.6)
3.0 41 1.9
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TaBLE V - Continued.

IT2 (W) IT9 (W) 115 (w)

Anterior genital branch length

Gl1

Post-uterine branch length

G2

Vulval - anus distance
Post-uterine branch length % /
Vulval - anus distance

Body diameter at vulva
Post-uterine branch length /
Body diameter at vulva

Tail length

Body width at anus

Spicules (chord)

306.8195.2  484.5+119.1  475.3£71.7  640.5t95.7  289.7+70.4  392.8460.9
(163.4-520.3) (288.0-641.3) (350.9-592.9) (471.9-744.2) (211.8-411.4) (266.2-459.8)

31.1 24.6 15.1 15.0 24.3 15.5
35.7412.3 432472 40.917.8
(21.9-59.0) (35.1-55.3) (33.3-59.2)
34.4 16.7 19.1
140.3+35.6 162.8+17.1 109.3+14.9
(100.4-209.3) (145.2-193.6) (90.8-139.2)
25.4 10.5 13.7
15.942.2 14.8+1.8 15.6£1.9
(12.9-20.7) (11.3-17.2) (13.3-19.0)
13.8 12.3 12.4
56.6£13.2 67.049.1 60.5£10.5
(35.2-76.0) (51.9-76.3) (39.0-77.2)
23.3 13.6 17.4
191.1439.1 241.9425.4 139.7415.1
(144.0-246.8) (193.6-286.8) (115.0-158.5)
20.5 10.5 10.8
73.026.7 67.616.9 76.5+10.6
(63.2-84.8) (55.7-76.9) (63.0-93.6)
9.1 10.2 13.9
20.1£3.0 20.3+2.1 15.4+1.8
(15.7-24.2) (18.2-24.2) (13.3-18.2)
14.8 10.5 11.8
7.0+1.2 8.140.8 7.241.2
(4.8-8.7) 6.89.7) (5.7-9.4)
17.7 10.1 16.9
36.516.3 27.5+1.5 42.744.1 30.0%+1.9 33.6143.1 25.0+1.8
(27.8-50.8)  (254-30.3) (303484  (26.6:327) (278375  (20.6-26.6)
17.2 5.5 9.6 6.3 9.3 7.2
24.31+3.2 31.243.3 26.244.0 32.04£3.2 21.2133 26.141.7
(18.1-27.8)  (253-36.1)  (21.8-36.2)  (269-36.1) (16.5-26.2)  (22.6-28.5)
13.0 10.6 15.1 9.9 15.7 6.5
12.142.0 12.8+1.7 12.040.9 13.3+1.6 9.4+0.9 10.740.8
9.7-15.7) 9.7-157)  (109-13.3)  (109-157)  (8.5-10.9 9.7-12.1)
16.1 13.3 7.4 12.0 10.0 7.0
3.240.2 2.2+0.3 3.6+0.2 23103 3.610.6 2.4140.3
(2.9-3.5) (1.8-2.9) (3.0-3.9) (1.8-2.7) (2.9-4.4) (1.9-2.8)
7.0 13.3 6.5 113 15.4 11.4
15.5%1.3 16.0+1.4 14.5+1.4
(13.3-18.2) (13.3-18.2) (13.3-16.9)
8.2 8.7 9.9
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Fig. 3 - SEM photomicrographs of B. sexdentati; A, female anterior region (aa = amphid aperture; cp = cephalic papilla), fa-
ce view. x 8,000; B, female anterior region (st = protracted stylet), ventral. x 6,500; C, female anterior region (ep = excretory
pore; If = lateral field), subventral. x 2,800; D, female lateral field; E, F, G, female variations in tail terminus (a = anus; If =
lateral field), ventral. x 2,600; ventral. 3,400; lateral. x 2,700.
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Fig. 4 - SEM photomicrographs of B. sexdentati: A, B, female vulval region (vf = vulval flap), ventral. x 3,800; subventral. x
5,500; C, male posterior region (arrows = caudal papillae), subventral. x 2,100; D, male tail region with protracted spicules
(arrows = caudal papillae; sp. = spicules ending with a knob-like appendage), subventral. x 3,800; E, male protracted spicu-
les (k = knob-like appendage), ventral. x 10,000; F, male tail terminus (ca = caudal ala), dorsal. x 4,400.
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BURSAPHEILENCHUS TERATOSPICULARIS
Kakuliya et Devdariani, 1965
(Table VI, Fig. 5)

The Ttalian populations are morphologically
very similar to the original description (Kakuliya
and Devdariani, 1965), with some minor differ-
ences.

Medium sized nematodes (Table VI). Cuticle
marked by moderately prominent annules. Lip
region slightly set off and slightly flattened fron-
tally. Stylet well developed and robust with
small basal swellings. Median bulb strong elon-
gate-oval or rounded-rectangular (Fig.
5A). Oesophago-intestinal junction just posterior
to the base of median bulb. Oesophageal gland
lobes very long. Excretory pore anterior to the
hemizonid consistently, between the hemizonid
and the nerve ring. Three or four incisures in
the lateral field, however, not readily visible.

Female - Body ventrally curved when killed
by heat. Ovary outstretched. Vagina slopes pos-
teriorly to vulval opening. Vulval lips slightly
protruding (Fig. 5B); vulval flap absent. Post-
uterine sac short (Fig. 5B). Tail conical in shape
with a broad rounded terminus (Fig. 5C), some-
times ending in a very small process. Anal
opening obscure on all specimens examined.

Male - Body forms a more or less open C
when relaxed by heat. Tail strongly curved ven-
trally (Fig. 5D). Spicules of the same shape as
the original description of B. teratospicularis.
Two pairs of preanal and postanal papillae: one
pair of subventral adanal papillae at the level of
the spicule rostrum (when the spicules are not
protracted), the other one subventral at 46-50%
of tail length from cloaca, at the beginning of
the bursa. Bursa small, usually oval shaped
when viewed ventrally, with the outer edges
semi-acute (Fig. 5E).

The ranges of body length of the Italian pop-
ulation IT11 (w) are wider than those of the
original Russian population. Specimens of the
two Italian populations examined are more
slender, ranges of “a” ratio are between 33.6-

38.2 for females, 30.4-39.2 for males vs 29.0-
33.8 for females and 27.2-30.0 for males of the
Russian population. The females of both Italian
populations differ from those of the original de-
scription in the posterior vulva (ranges between
78.1-81.1% vs 75.5-79.5%).

The Ttalian populations have very low CV
values for most of the meaurements. The lowest
CV values applaying to “V”.

B. teratospicularis was described from speci-
mens isolated from frass in the galleries of the
beetles Orthotomicus proximus Eichb. and Blas-
tophagus minor Hart. (Kakuliya and Devdariani,
1965) collected in Russia.

The Italian specimens were extracted from
the wood of P. pinaster, P. halepensis and P.
pinea in three localities of Tuscany (Caroppo et
al., 1998). A single male of the species was
found at Scopeti (Florence). As far as we are
aware B. teratospicularis has not previously
been collected from these pines species.

This is the first report of B. teratospicularis
from Italy.

Five species of Bursaphelenchus, one of
which being described as a new species, have
been found in Italy associated with forest trees
(Marinari Palmisano et al., 1992; 1994; Marinari
Palmisano and Ambrogioni, 1994; Ambrogioni
et al., 1994).

B. mucronatus, the most common species, is
limited in its distribution to the northern and
central western Italian areas; B. Jeoni is reported
also from southern Italy. In all cases few speci-
mens were recovered from wood samples but
frequently two, three or four species occurred
together (Caroppo et al., 1998). B. mucronatus
is widely distributed in European pine forests;
B. leoni, B. sexdentati and B. teratospicularis
occur mainly in South Europe, where the cli-
mate is warmer.

Acknowledgements. We thank M. Cavalli,
D. Coniglio and M. Michelassi for the technical
assistance.
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TABLE VI - Measurements of two Italian populations of Bursaphelenchus teratospicularis.

IT3 (W) IT3 (w) IT11 (W) IT11 (w)
n 409 293 1099 1000
Body length 603.2+26.4 673.3£31.8 606.4224.2
(567.5-628.0) (584.4-617.1) (609.8-723.6) (566.3-641.3) -~ _
4.4 4.7 4.0
Body width 17.0+1.4 18.7+£1.2 17.8+0.9
(15.7-18.2) 15.7 (16.9-20.6) (16.9-19.49)
8.5 6.3 4.8
a 36.6+1.6 36.2+1.5 34.241.9
(34.6-38.2) (37.2-39.2) (33.6-38.2) (30.4-36.2)
4.4 4.0 5.6
Distance from anterior end to junction 72.01£5.4 79.443.8 76.5£4.6
of oesophagus and intestine (67.8-79.9 69.0 (72.6-84.7) (69.0-83.5)
7.5 4.7 6.1
b 8.71£0.9 8.610.5 7.910.3
(7.9-10.0) (8.5-9.0) (7.5-9.5) (7.3-8.2)
109 6.9 3.5
Distance from anterior end to posterior 215.4£10.1 227.4%47.3 192.8+11.2
end of oesophageal glands (206.9-228.7) (185.1-186.0) (220.2-242.0) (170.6-208.1)
4.7 3.2 5.8
b’ 2.810.3 3.0+0.1 3.240.2
(23-3.D (3.1-3.3) (2.8-3.2) (3.0-3.5)
12.3 4.1 4.7
Distance from anterior end to base of 72.0£5.4 79.4+3.8 75.0£4.6
median bulb (67.8-79.9) 69.0 (72.6-84.7) (67.8-82.3)
75 4.7 6.2
bl 8.710.9 8.510.5 8.1+0.3
(7.9-10.0) (8.5-9.0) (7.59.5) (7.5-84)
10.9 6.1 3.3
Oesophageal glands overlapping 143.4£7.0 149.147 4 116.448.6
intestine length (136.7-150.0) (116.2-118.6) (139.2-158.5) (96.8-127.1)
4.9 5.0 7.4
Oesophageal glands overlapping 10.6£0.5 10.6£0.5 8.110.6
intestine length / Body width to junction (10.3-11.3) (8.7-8.9) (9.7-11.6) (6.7-8.8)
of oesophagus and intestine 4.6 4.7 7.3
Stylet length 19.1£0.6 20.040.6 20.5+1.4
(18.2-19.4) 19.4 (19.4-20.6) (18.2-23.0)
3.2 3.1 7.0
Distance from anterior end to excretory 94.4%+4.7 101.7+4.6 95.746.4
pore (88.3-99.2) 89.5 (90.8-107.7) (84.7-102.9)
5.0 4.6 0.6
Distance from anterior end to hemizonid 101.4%6.4 111.9£4.6 105.5£7.0
(94.4-108.9) 100.4 (105.3-119.8) (94.4-113.7)
6.4 4.1 6.6
v 79.910.5 79.9£1.0
(79.4-80.6) (78.1-81.1)
0.7 1.2
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TaBLE VI - Continued.

IT3 (w) T3 (W) IT11 (w) IT11 (w)
Anterior genital branch length 215.4+43.3 213.0+45.6 329.3136.3
(167.0-257.7) (233.5-308.6) (175.5-308.6) (261.4-367.8)
20.1 21.4 11.0
Gl 34.947.2 31.545.6
(26.6-43.3) (26.2-42.7)
20.7 17.6
Post-uterine branch length 17.9£1.2 18.512.4
(16.9-19.4) (15.7-24.2)
6.7 12.8
G2 2.910.2 2.8+0.4
(2.7-3.2) (23-3.7)
8.3 14.8
T 54.244.6
(37.9-52.8) (44.0-58.5)
8.4
Vulval - anus distance n.d. n.d.
Post-uterine branch length % / n.d. n.d.
Vulval - anus distance
Body diameter at vulva 15.410.6 17.241.0
(14.5-15.7) (15.7-19.49)
3.9 5.7
Post-uterine branch length / 1.240.1 1.1+0.2
Body diameter at vulva (1.1-1.2) (1.9-1.5)
4.3 16.5
Tail length n.d. n.d. 25.311.4
(23.0-25.4) (23.0-27.8)
5.7
c n.d. n.d. 24.1£1.6
(23.0-26.9 (21.8-26.6)
6.7
Body width at anus n.d. n.d. 13.9+1.0
(12.1-13.3) (12.1-15.7)
7.3
c n.d. n.d. 1.8+0.2
(1.7-2.D (1.5-2.3)
12.0
Spicules (chord) 18.0+1.1
(15.7-16.9) (16.9-19.4)
5.8

n.d. = not determined.
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