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Summary. Principal component and hierarchical cluster analysis of morphometric characters of type popula-
tions of X. setariae Luc, 1958, X. vulgare Tarjan, 1964 and X. insulanum Lamberti, Arias, Agostinelli et Espirito
Santo, 1995 suggest that the three are separate entities. Cumulative and single character diversities of morpho-
metrics of populations of different geographic origin, obtained from the literature, confirm this observation and
indicate that a population of X. vulgare from Mauritius and a population of X. setariae from Principe might re-

present different phenotypes.

In 1972 Cohn and Sher proposed the junior
synonymy of Xiphinema vulgare Tarjan, 1964
with X. setariae Luc, 1958. This was accepted
by Loof and Luc (1990) and by Heyns and Coo-
mans (1991), their opinion being based mainly
on the fact that there are overlaps of the mea-
surements among populations of the two spe-
cies.

Tarjan (1974), Luc and Dalmasso (1975), Wil-
liams and Luc (1977) and Phukan and Sanwal
(1982) rejected this synonymy claiming that the-
re are sufficient morphological and morphome-
trical differences between populations of the
two species to distinguish them as separate en-
tities. We support the opinion of these authors
and emphasize that to distinguish between spe-
cies, the mean values of the morphometric cha-
racters should be compared and not the ranges.

To study relationships between X. setariae
and X. vulgare, populations attributed to each
species were processed by principal component
(PCA) and hierarchical cluster (HCA) analysis.

Materials and methods

Analysis was performed twice. The first
analysis was undertaken with original measure-
ments of populations from Sao Tomé and Prin-
cipe, identified either as X. setariae or X. vulga-
re and on paratypes of X. insulanum Lamberti,
Arias, Agostinelli et Espirito Santo, 1995, a re-
cently described species from Sdo Tomé, similar
to X. setariae and X. vulgare (Lamberti et al.,
1995) and on paratypes of the two species (Ta-
ble D). For the second analysis populations of X.
setariae, X. vulgare and X. insulanum from Sdo
Tomé and Principe were processed with the ty-
pe populations of X. setariae and X. vulgare
and other populations of the two species, of
different geographic origin, using the measure-
ments reported in the literature (Table 1D. In
this case fewer morphometric characters were
considered since some of them are not given by
the authors.

The morphometric characters considered in
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the analyses are given in Tables III and IV. Mul-
tivariate statistics were performed with the SAS
programme, released 6.03. The correlation ma-
trix was used for PCA and the results of princi-
pal components were used for HCA based on

the average distance method (SAS, 1985). In
both groups of populations, analysis was first
done cumulatively for all the characters taken
into consideration and then for each single cha-
racter.

TaBLE I - Populations selected for principal component (PCA) and hierarchical cluster analysis (HCA) in the first

analysis.

Species and authority PCA symbol Geographic origin

Xiphinema vulgare Tatjan, 1964
X vulgare

X. vulgare

X vulgare

X. vuigare

X. vulgare

X. insulanum Lamberti et al., 1995
X. setariae Luc, 1958

X. setariae

X. setariae

X. setariae

X. setariae

X. setarige

Florida (paratypes)

Florida, Tampa

Mauritius

Sdo Tomé, Bemposta

Sdo Tomé, Ferreira Governo
Principe, Sundi

Sdo Tomé (paratypes)

Ivory Coast (paratypes)
Principe, Montalegre
Principe, Bela Vista

Sdo Tomé, Sio Carlos
Principe, Sio Joaquim (Oeste)

2o RRT T D OoOTEHDO® >

Sdo Tomé, Mesquita

TaBLE II - Populations selected for PCA and HCA in the second analysis.

Species sfiéol Geographic origin Reference
Xipbinema vulgare A Florida (paratypes) Tarjan, 1964
X. vulgare B Surinam Loof and Maas, 1972
X. vulgare C Mauritius Williams and Luc, 1977
X. vulgare D Brazil Rashid et al., 1986
X. vulgare E Java Brown et al., 1981
X. vulgare F Sdo Tomé, Bemposta original
X vulgare G Sdo Tomé, Ferreira Governo original
X. vulgare H Principe, Sundi original
X. setariae I Principe, Montalegre original
X setariae J Principe, Sdo Joaquim (Oeste) original
X. setariae K Ivory Coast (paratypes) Tarjan, 1964
X insulanum L Sdo Tomé (paratypes) original
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Fig. 1 - Dendrogram showing the clustering of 13 pop-
ulations of Xiphinema setariae, X. vulgare and X. insu-
lanum based on original measurements (first analysis).
Population codes in Table I.

Results

The correlation coefficients among the varia-
bles used for PCA in the first analysis, the ei-
genvalues of the correlation matrix and the ei-
genvectors are given in Tables V, VI and VII, re-
spectively. The variance associated with the th-
ree principal components was 83% of the total.
The first principal component was positively
correlated with the variables L, a, ¢, sty and J
and the second principal component was nega-
tively correlated with L, V and b. However, the
second principal component was also positively
correlated with ag and J.

Correlation coefficients among the variables
used for PCA, eigenvalues of the correlation
matrix and eigenvectors of the second analysis
are listed in Table VIII, IX and X, respectively.

In this case, the variance associated with the th-
ree first principal components was 85.4% of the
total. The first principal component showed a
positive correlation with characters ¢ and b, but
was negatively correlated with character ¢’.
Conversely, the second principal component
was positively correlated with characters tal, est,
¢ and a.

In the first analysis the HCA dendrogram
(Fig. 1 and the PCA scatterplot (Fig. 2) show
the occurrence of three distinct phenotypes: a
group constituted by all the populations identi-
tied as X. vulgare, including paratypes of the
species; a second group with all populations
identified as X. setariae, including the paraty-
pes; and a single population, namely X. insula-
num.

The range — value plottings of the eleven
morphometric characters individually analyzed
show that for the ratio ¢ and for the length of
odontostyle and J (tail hyaline portion) three di-
stinct phenotypes occur (Fig. 3): the X. seta-

Second principal component
Lo
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i
.

@

-6 -5 -4 -3 -2 -1 o] 1 2 3 4
First principal component

Fig. 2 - Scatterplot of 13 populations of X. setariae, X.
vulgare and X. insulanum on the first and second prin-
cipal component axes (first analysis). Population codes
in Table L.
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Fig. 3A, B, C. Graphic display of the morphometric values (codes in Table III) of the populations (codes in Table ) of
X. setariae, X. vulgare and X. insulanum (first analysis).
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riae group, the X. vulgare group and X. insula-
num. The separation between X. setariae and
X. vulgare is also clear for ¢’ for which X. insu-
lanum falls in the X. setariae group. X. insula-
num appears to be isolated from both X. seta-
riae populations and X. vuigare populations al-
so for ratios a and b and for V. With reference
to the length of the body, populations of X. se-
tariae seem to be distinct from those of X. vul-
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gare, with the exception that population L (X.
setariae, Principe, Sdo Joaquim) and population
E (X. vulgare, Sio Tomé, Ferreira Governo) are
coincident; for this character X. insulanum
(pop. G) is coincident with population H (X. se-
lariae paratypes). Evident overlapping between
populations of X. setariae and X. vulgare ap-
pears for the ratio b, the value of V, the length
of the odontophore and for the length of tail.
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For the ratio a, only population L (X. setariae,
Principe, Sdo Joaquim) falls within the range of
the X. vulgare group and for the distance of the
guide ring of the odontostyle from the anterior
extremity only population H (X. setariae paraty-
pes) falls in the range of the X. vulgare group.
Finally, X. insulanum overlaps the X. vulgare
group in the lengths of odontophore and tail
and distance of the guide ring from the anterior
extremity.
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The second analysis, made with measure-
ments taken from the literature, confirms that X,
insulanum represents an isolated phenotype
and that X. setariae and X. vuigare are two di-
stinct groups (Figs 4 and 5). However, this
analysis also reveals that population C (X. vul-
gare from Mauritius in Williams and Luc 1977)
might be a different entity, as already indicated
by Heyns and Coomans (1991), which is closer
to X. setariae than to X. vulgare and that popu-
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Tasre 111 - Morphometric values (all original) used for PCA and HCA in the first analysis.

g
£
'§ = L a b c c v styl est ag tal J
g
£
Z
A 6 27401 58.0#3.6 69303 520441 1.8£0.1 40.0+1.8 1155t14  68.043.5  94.0%4.6  52.0425  16.0+0.8
(2.6-28) (53.0-61.5) (6.6-7.3) (47.5-58.0) (1.7-2.0) (38.0-42.0) (115.0-118.0) (62.0-72.0) (88.0-98.0) (48.0-55.0) (15.0-18.0)
B 3 2802 49.0t1.0 6404 55.0£3.1 15401 39.0403  113.042.1  70.0412 1060456  51.0£29 16.0+14
(2.6-29) (48.0-49.0) (5.96.7) (53.0-58.0) (1.5-1.6) (38.5-39.0) (111.0-115.0) (69.0-71.0) (100.0-112.0) (49.0-54.0) (15.0-17.0)
C 3 23101 440428 6101 44.0£3.8 17401 43.043.8  110.0£22  63.0+1.1  100.042.2 540421 11.0%+1.4
(22-25) (41.0-46.0) (6.0-6.3) (40.0-47.0) (1.6-1.8) (41.0-47.0) (108.0-112.0) (62.0-64.0) (99.0-103.0) (52.0-56.0) (9.0-12.0)
D 15 25t0.1 56.0£3.1 64103 50.043.4 18101 39.0£1.5 1120427  69.0423  1055%#2.7  51.0423  17.042.0
(2.3-2.7) (47.0-60.0) (5.9-7.1) (45.0-58.0) (1.7-1.9) (36.0-41.0) (108.0-118.0) (63.0-72.0) (100.0-109.0) (45.0-53.5) (11.0-20.0)
E 7 27801 58041 65403 560421 17401 40.0£1.0 1140429 710417  105.0+1.9  49.0+1.8 17.0+1.4
(2728 (52.0-63.0) (6.1-7.0) (53.0-59.0) (1.5-1.8) (39.0-41.0) (110.0-118.0) (67.0-72.0) (101.0-107.0) (46.0-51.0) (15.0-19.0)
F 4 26801 530+44 65102 520439 1.8+0.1 38021  114.0£27  70.0+1.8  93.043.4  49.0433  19.042.7
(2427 (51.0-60.0) (6.3-6.7) (49.0-57.0) (1.7-1.9) (36.0-41.0) (112.0-1165) (68.0-72.0) (89.097.0) (46.0-53.0) (15.0-21.0)
G 4 31201 683481 82415 652+1.6 1.880.1 46517 1197429  67.2419 955424 482411 188424
(3.0-32) (625-80.0) (6.6-9.7) (63.5-67.2) (1.7-1.8) (44.0-48.0) (104.7-129.5) (653-68.8) (92.3-98.2) (46.5-48.8) (17.1-22.3)
H 4 3001 590422 7303 520420 20200 37.0£24  127.0424  68.0£3.6 1020431  59.0#1.2 25.5+1.2
(3.03.2) (58.0-62.5) (7.1-7.8) (50.0-54.0) (2.0-2.0) (35.0-40.0) (123.5-129.0) (63.5-72.0) (98.0-105.0) (57.0-60.0) (25.0-27.0)
I 3 26401 565%27 57801 48.0£13 19401 370413 1285457 710207  1180%3.6  54.0403  20.0+1.2
(2.6-2.6) (55.0-59.5) (5.5-5.8) (46.0-49.0) (1.8-2.0) (36.0-38.5) (124.0-135.0) (71.0-72.0) (114.0-121.0) (53.0-54.0) (19.0-21.0)
1 28 60.0 6.7 51.0 19 39.0 130.0 71.0 119.0 55.0 21.0
K 1 28 68.0 7.1 62.0 15 39.0 129.0 73.0 119.0 45.0 21.0
L 2 2801 485f21 63300 560428 1.6£0.0 400414 1322418 700414 1155464 492439  21.0£0.0
(27-28) (47.0-50.0) (6.3-6.3) (54.0-58.0) (1.6-1.6) (39.041.0) (131.0-133.5) (69.0-71.0) (111.0-120.0) (46.5-52.0) (21.0-21.0)
M 1 28 68.0 8.2 63.0 17 39.0 1255 9.0 109.0 45.0 18.0

L = body length (mm); a, b, ¢, V = de Man’s ratios; ¢’ = ratio tail length - body diameter at anus; sty = odontostyle
length (um); est = odontophore length (um); ag = distance of the guide ring from the anterior extremity (um); tal =
tail length (um); /= length of the hyalin portion of tail (um). Population codes as indicated in Table 1.
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Fig. 4 - Dendrogram showing the clustering of 12 po-
pulations of X. setariae, X. vulgare and X. insulanum
based on measurements from the literature (second
analysis). Population codes in Table II.

lation I (X. setariae, Principe, Montalegre) might
represent a different phenotype.

The range - value plottings of the second
analysis show that of the nine individual consi-
dered characters, three of them (namely ratios a
and ¢ and odontostyle length) clearly separate
the four phenotypes: X. insulanum, X. vulgare
from Mauritius, the X. setariae group and the X.
vulgare group (Fig. 6). With regard to length of
the body, X. vulgare from Mauritius and X. in-
sulanum are again isolated, whereas the X. se-
tariae and the X. vulgare groups coincide in the
population G (X. vuigare, Sio Tomé, Ferreira
Governo) and 1 (X. setariae, Principe, Montale-
gre). For ratio b, value of V and odontophore
length, X. vulgare from Mauritius and X. insula-
num are isolated, while the groups X. vulgare
and X. setariae more or less overlap. For tail
length, X. insulanum remains separated from
all the others while X. setariae and X. vuligare,

including the population from Mauritius, over-
lap to a different extent. Finally, a homogenous
group is formed by all the populations for the
ratio ¢’

Discussion and conclusions

There is no doubt that X. setariae, X. vuigare
and X. insulanum are similar and related to ea-
ch other on the basis of their morphological
characters (lip region and tail shapes). This si-
milarity is, however, very subjective, and the-
refore mean morphometric characters must be
taken into account to separate and identify the
species.

The analysis of individual morphometric cha-
racters originally measured in the first analysis,

component
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Fig. 5 - Scatterplot of 12 populations of X. setariae, X.
vulgare and X. insulanum on the first and second prin-
cipal component axes (second analysis). Population co-
des in Table II.
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TABLE IV - Morphometric values (from litevature) used for PCA and HCA in the second analysis.

Codes
Number of specimens
=
o
o
[}

v sty est ag

e = T - B = - B o e S o - B =
| I

262428 363 (52.3-61.4) 72(67-8.0) 53.2(48.1-57.7) 1.8(1.7-2.0) 39.0 (37.0-40.0) 109.0 (104.0-120.0) 72.0 (67.0-78.0) 49.0 (46.0-53.0)
25 (24-27) 53.0 (49.0-60.0) 6.4 (5.7-7.1) 52.0 (48.0-56.0) 1.7 (1.6-1.9) 39.0 (38.0-41.0) 112.0 (108.0-119.0) 71.0 (68.0-74.0)  5S4.0("

21(1.8-2.3) 523 (46.0-61.0) 5.9 (49-7.3) 44.0 385-52.0) 1.8 (1.5-2.0) 42.1 (39.0-45.0) 106.0 (98.0-113.0) 60.0 (55.0-05.0) 48.0 (41.0-55.0)
25(2.2-28) 559 (47.0-62.0) 5.4 (4.66.2) 49.0 (40.0-64.0) 17 (1.5-2.1) 39.8 (36.0-42.0) 117.0 (110.0-126.0) 71.6 (67.0-76.0) 53.0 (40.0-60.0)
2.5(2.2-2.8) 59.6 (55.0-65.0) 6.1 (5.7-6.9) 52.7 (44.0-66.0) 17 (1.4-19) 38.7 (37.0-41.0) 1113 (103.0-118.0) 713 (67.0-74.0) 47.5 (40.0-33.0)
25(23-27) 560 (47.0-60.0) 6.4 (5.9-7.1) 50.0 (45.0-58.0) 1.8 (1.7-1.9) 39.0 (36.0-41.0) 112.0 (108.0-118.0) 69.0 (63.0-72.0) 51.0 (45.0-53.5)
27(2.7-2.8) 580 (52.0-63.0) 6.5 (6.1-7.0) 56.0 (53.0-59.0) 1.7 (1.5-1.8) 40.0 (39.0-41.0) 114.0 (110.0-118.0) 71.0 (67.0-72.0) 49.0 (46.0-51.0)
26 24-2.7) 53.0 (51.0-60.0) 6.5(6.3-6.7) 52.0 (49.0-57.0) 1.8 (1.7-1.9) 38.0 (36.0-41.0) 114.0 (112.0-116.5) 70.0 (68.0-72.0) 49.0 (46.0-53.0)
27(27-2.8) 485(47.0-50.0) 6.3 (6.3-6.3) 56.0 (54.0-58.0) 1.6 (1.6-1.6) 40.0 (39.0-41.0) 1325 (131.0-133.5) 70.0 (69.0-71.0) 49.2 (46.5-52.0)
3 2602626) 505 (55.0-59.5 5.7 (55-5.8) 48.0 (46.0-49.0) 1.9 (1.6-2.0) 37.0 (36.0-38.5) 128.5 (124.0-135.0) 71.0 (71.0-72.0) 54.0 (53.0-54.0)

K 13 302832 637(60.267.9 7.2(6.6-81) 50.7 (46.3-543) 2.1 (1.9-23) 37.0 (35.0-39.0) 120.0 (110.0-130.0) 70.0 (64.0-82.0) 59.0 (55.0-63.0)
L 5 303.032) 69062580.0) 85(6.6-9.7) 648 (63.567.2) 1.7 (1.7-1.8) 46.7 (44.0-48.0) 1122 (104.7-129.5) 66.8 (65.3-68.8) 47.3 (46.5-48.8)

L = body length (mm); a, b, ¢, V = de Man’s ratios; ¢’ = ratio tail length - body diameter at anus; sty = odontostyle
length (Um); est = odontophore length (um); fal = tail length (um). Population codes as indicated in Table IL.

* Derived by drawings.

indicate that X. insulanum differs from X. seta-
riae in eight characters (ratios a, b, ¢, value of
V, lengths of odontostyle, odontophore and J
and distance of the guide ring from anterior ex-
tremity) and from X. vulgare in nine characters
(ratios a, b, ¢, ¢’, value of V and lengths of
body, odontostyle, tail and J). Conversely, X.
vilgare differs from X. setariae in five charac-
ters (ratios ¢ and ¢’ and lengths of body, odon-
tostyle and J).

The second analysis of individual morpho-
metric characters shows that X. insulanum dif-
fers from X. vulgare, including the population
from Mauritius, in all the characters considered

and from X. setariae, including the population I
from Principe, Montalegre, in all the characters
except ratio ¢’; X. setariae differs from X. vul-
gare in three characters (ratios a and ¢ and
odontostyle length) and from X. vulgare from
Mauritius in all the considered characters except
ratio ¢’; X. vulgare differs from X. vulgare from
Mauritius for all characters except tail length and
from population I (Principe, Montalegre) of X.
setariae in five characters (ratios a, ¢, and ¢’ and
odontostyle and odontophore length); finally, X.
vulgare from Mauritius differs from X. setariae
population from Principe, Montalegre in all the
characters considered except tail length.
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Fig. 6A, B - Graphic display of the morphometric values (codes in Table IV) of the populations (codes in Table IT) of
X. setariae, X. vuigare and X. insulanum (second analysis).
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TaBLE V - Correlation coefficients among the variables used for PCA in the first analysis.

L a b ¢ ¢ v sty est ag tal
a 0.6161*
b 0.6942*  0.7805*
c 0.7302*  0.7427**  0.7916*
¢ 0.0848 01325  0.0477  -0.38560
\Y 0.1449 01001 03759 03263 -0.1718
sty 05017  0.3928  0.1740 02942 01270  -0.2976
est 0.2958 03736 -0.08064 03443  -0.2103  -0.5495  0.4925
ag 0.0407 01363  -0.2422  0.0554 -0.2070  -0.3912  0.7236*  0.6060*
tal  -0.0968  -0.4187 -0.3842 -0.7327  0.6778* -0.2528  0.0185  -0.3380  -0.0653
J 0.6724* 04321 02484 02851 03065 -0.4490 07743* 05452 03710  0.1831

(™) =P <0.05; (**) = P £0.01. Character codes as indicated in Table III.

TaBLE VI - Eigenvalues of the correlation matrix in the first analysis.

Eigenvalue Difference Proportion Cumulative
* PRIN 1 4.21669 1.31374 0.38333 0.3833
PRIN 2 2.90295 0.89665 0.26390 0.6472
PRIN 3 2.00630 1.25877 0.18239 0.8296
PRIN 4 0.74753 0.21078 0.06796 0.8976
PRIN 5 0.53675 0.25277 0.04879 0.9464
PRIN 6 0.28398 0.09218 : 0.02582 0.9722
PRIN 7 0.19181 0.13601 0.01744 0.98964
PRIN 8 0.05579 0.01405 0.00507 0.99471
PRIN 9 0.04174 0.02609 0.00379 0.99850
PRIN 10 0.01565 0.01486 0.00142 0.99993
PRIN 11 0.00079 0.00007 1.00000
* PRIN = principal component.

On the basis of these results it is suggested tion C from Mauritius and population I from
that X. setariae Luc, 1958 and X. vuigare Tarjan, Principe might represent different phenotypes
1964 should be regarded as distinct species, as from all other populations considered. Howe-
certainly is X. insulanum. ver, the population from Principe is constituted

The second analysis indicates that popula- by only three specimens, too few to allow
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worthwile analysis, and the population from
Mauritius should be studied in detail before
taking a definitive decision.

The valuable assistance of Mr. V. Radicci in

preparing the illustrations is gratefully acknow-
ledged.

TaBLE VII - Eigenvectors in the first analysis.
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