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Summary. Patterns of distribution of a monophyletic branch of Longidorus species in previously established chorological units (CUs) of
FBuromediterranea, provide a basis for historical biogeography and a phylogenetic hypothesis of the species. The centre of distribution of
each Longidorus species within each CU was estimated by statistical methods to correct the apochoric component of the species due to
expansion. CUs are compared geographically and faunistically (with respect to Longidorus composition). Distribution graph mairix analysis,
applied to define the direction of the connections between CUs, did not establish which endemic species is most ancestral; rather, hypothe-
ses of ancestry and polarity of multistate characters were tested by a morphologically-based cladogram congruent with the distribution
graph. Longidorus carpetanensis is supported as an outgroup of all the other species. The results suggest that vicariant biogeography can
resolve some aspects of the current pattern of Longidorus distribution and speciation origin, but that a dispersalist model is a primary expla-

nation for large groups of Longidorus species in Euromediteranea.

The distribution of species of Longidorus (Nematoda)
in Europe has been intensively studied as a result of its
role as a plant pathogen and vector of viruses infecting
several kinds of crops. These studies suggest that a mono-
phyletic branch of Longidorus originated in
Euromediterranea, which is a centre of dispersion and spe-
ciation of this branch (Coomans, 1985). Biogeographic pat-
terns of distribution of Longidorus species in
Euromediterranea could be used to test phylogenetic
hypotheses at lower taxonomic categories of the group
(Blondel, 1987). Insight into phylogeny of Longidorus spe-
cies may provide hypotheses of geophytopathology and
coevolution of specifically-transmitted plant viruses
(Weltzien, 1972, Rodriguez-Cerezo, et al., 1989; Fraile and
Garcia-Arenal, 1990). In this paper we use data on distri-
bution (Alphey and Taylor, 1986; Navas et al., 1990) to
elucidate phylogenetic relationships among Longidorus
species. We also use historical and ecological biogeogra-
phy to help identify factors determining the present distri-
bution in Euromediterranea.

Although nematodes constitute a high percentage of
the earth’s biota (Procter, 1984), there is a paucity of his-
torical biogeographical studies on soil and plant parasitic
nematodes (Ferris er al, 1976). Most phylogenetic classifi-
cations of nematodes are based on morphology and
address supraspecific categories (Lorenzen, 1981; Ferris,
1983; Baldwin and Shouest Jr., 1990; Vinciguerra, 1987).
The present taxonomy of Longidorus, is primarily based

on morphometric characters. We propose, as a testable
alternative, a parsimonious phylogenetic hypothesis of
Longidorus based on biogeographic data and classical
characters. The proposed approach is particularly relevant
in the elucidation of the primary mode of speciation and
patterns which govern species diversity. In addition, a
morphologically-based phylogeny is strengthened by bio-
geographic insight into outgroups, the most ancient spe-
cies of ingroups, and character polarity for rooting the
phylogenetic trees.

Although there is general agreement that species distri-
bution is relevant to interpreting speciation (Hennig, 1966;
Platnik and Nelson; 1978; Sanchiz, 1981; Doadrio, 1988)
there are contrary opinions as to how to interpret wide-
spread taxa for analysis of speciation patterns. Speciation
can be considered to be the result of the appearance of
barriers that fragment the broad ranges of ancestral species
(vicariant model), or it can be considered to be the result of
evolution from the introduction of a species where a barrier
is already in place (dispersalist modeD). In cladistic analysis,
Platnik and Nelson (1978) considered a widespread taxon
as a carrier of plesiomorphic states of most of the charac-
ters. That is, a taxon is widespread because it is relatively
ancestral. Conversely, others treat a widespread taxon as a
carrier of synapomorphic states of most characters (Wiley,
1987; Zandee and Roos, 1987). Patterns of distribution fre-
quently are represented by drawing dispersal routes con-
necting relevant localities (e.g. Rapoport, 1982). In the
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present investigation we follow the methods of Page (1987)
and Craw (1988), using graph analysis (minimum spanning
trees) to recognize the geographically primitive (= plesio-
choric) areas as associated with relatively primitive species.
Humphries and Seberg (1989) note that “... the most strik-
ing aspect of Page’s paper is the idea that his application of
the graph-theoretic method is somehow more general than
vicariance biogeography and component analysis in partic-
ular because it can detect a wider range of patterns even
when in conflict with one another”. Approaches proposed
by Page (1987) and Craw (1988) are herein considered for
their potential in the reconstruction of the evolurionary pat-
terns of Longidorus in Euromediterranea. Evidence for both
vicariance and dispersalist speciation in Longidorus is eval-
uated. Morphologically-based hypotheses utilize PAUP par-
simony algorithms.

Materials and methods

Our approach to analysis of biogeographical data was
to identify distinctive geographical regions (chorological

units, CUs), and recognize the centre of distribution of
each Longidorus species within each CU. To detect evi-
dence of dispersion, we then compared the CUs’ patterns
of similarity with respect to nematode species, with the
CUs’ geographic proximity (Castillo, 1988). To localize the
plesiochoric area of the genus, centres of distribution were
connected by minimum spanning tree techniques. Finally,
to identify evolutionary tracks we conpected centres of
distribution in a pattern congruent with phylogenetic “con-
nections” of species in morphology-based parsimonious
analysis (Liebherr, 1988).

Previous appraisals of Euromediterranea indicate four-
teen CUs with internally distinctive geography and biota (La
Greca, 1964; Navas er al., 1990; Figure 1). Thirty two
Longidorus species, widely accepted taxonomically and of
known distribution in Euromediterranea, were considered
(Brown and Taylor, 1987, Table I). A few other species (L.
alvegus, L. dunensis, L. closelongatus, L. kuiperi, L. major, L.
Juvenilis, and L. pini) included in Brown ef al., (1990) were
omitted in our phylogenetic analysis because they shared
the same character codification with another species, or the

TaBLe T - Longidorus species included in this study which are reported to occur in Euromediterranea.

1. L. aetnaeus

2. L. africanus

3. L. apulus

4. L. attenuatus

5. L. belloi

6. L. caespiticola

7. L. carpetanensis
8. L. cobni

9. L. congoensis
10. L. eylindricaudatus
11. L. distinctus

12. L. elongatus

13. L. evidanicus
14. L. euonymus
15. L. fasciatus

16. L. globulicauda
17. L. goodeyi

18. L. intermedius
19. L. iuglandis
20. L. latocephalus
21. L. leptocephalus
22. L. lusitanicus
23. L. macrosoma
24. L. magnus
25. L. moesicus
26. L. nevesi

27. L. picenus

28. L. profundorum
29. L. protae

30. L. proximus

31. L. unedoi

32. L. vineacola

Roca, Lamberti, Agostinelli e Vinciguerra, 1986
Merny, 1966

Lamberti et Bleve-Zacheo, 1977
Hooper, 1961

Andres et Arias, 1988

Hooper, 1961

Arias, Andres ef Navas, 1986

Heyns, 1969

Aboul-Eid, 1970

Kozlowska et Seinhorst, 1979
Lamberti, Choleva er Agostinelli, 1983
(de Man, 1876) Thorne er Swanger, 1936
Roca, Lamberti et Agostinelli, 1984
Mali et Hooper, 1974

Roca et Lamberti, 1982

Dalmasso, 1969

Hooper, 1961

Kozlowska et Seinhorst, 1979

Roca, Lamberti et Agostinelli, 1984
Lamberti, Choleva et Agostinelli, 1983
Hooper, 1961

Macara, 1986

Hooper, 1961

Lamberti, Bleve-Zacheo er Arias, 1982
Lamberti, Choleva et Agostinelli, 1983
Macara, 1986

Roca, Lamberti ef Agostinelli, 1984
Hooper, 1986

Lamberti et Zacheo, 1977

Sturhan et Argo, 1983

Arias, Andres er Navas, 1986

Sturhan et Weischer, 1964
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Fig. 1 - Chorological units in Euromediterranca.

— 73—



Fig. 2 - Centres of species distribution in Europe and the Mediterranea (numbers represent species from Table D).

interpretation of morphological differences is particularly
questionable pending further examination (see note on
Table 1V). We do not accept that L. latocephalus and L. pisi
are synonym species (Choleva et al., 1991). Reasons for
rejecting their proposed synonymy are addressed in a sep-
arate paper (Navas er al., 1993). Preliminary phylogenetic
analyses of Longidorus support these 32 species as a mono-
phyletic group (Navas, unpublished). Collection sites for
each species in native and agricultural areas provided an
estimate of overall dispersal. Estimation of the centre or
original point of the dispersal was desirable because it
could correspond to the origin of a species. Selecting the
midpoint of current distribution was an impractical
approach to estimating the centre, because the distribution
of a given species is frequently discontinuous. Two alter-
nate comparative methods were used to estimate the centre
of distribution, and both involved reducing the component
due to expansion (apochoric component sensu Hennig,
1966) or dispersal, such as that recently influenced by man.

The first method was based on a proportionality index for
each species in each CU. The proportionality index is repre-
sented as Tij = Xij(100)/Xi(S) where Xij is the number of
recordings of each species in each CU, Xi is the total num-
ber of recordings of each species and §j is the area of each
CU. The proportionality indices (Iij) for each CU region
were calculated, Iij's were averaged for Euromediterranea,
and values of Ijj that exceeded the Furomediteranean aver-
age were treated as significant centres for inclusion in bio-
geographical analysis. The second method selects values of
Iij that exceed the average of the proportionality index
quartiles (Q3-Q1)/2 where Qj is the value exceeded by 25%
of the sample, and Q1 is the value exceeding 25% of the
sample.

It is hypothesized that the CU regions reflect historical
patterns of geographic convergence and divergence which
impacted distribution and evolution of a wide range of
plant and animal species. The convergence-divergence
between CUs and Longidorus species was demonstrated
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Tamie 11 - Number of records of each species when present in more than one CU as well as total of records fitting species to the CU.

Ew. Med. Di. MEu T. Eur.  Eurb.

No. Ea.
Holom Ci.AP. Ci.AT. Med. Trans. Med. Atl. Total

1. L. aetnaeus

2. L. africanus »

3. L. apulus 1 13 14
4. L. attenuatus 20 52 3 45 8 8 72
3. L. belloi

6. L. caespiticola @ 10 73 2 28 4 4 53 89
7. L. carpetanensis «

8. L. cohni X

9. L. congoensis x

10. L. cylindricaudatus 5 5 5
11. L. distinctus 16 1 6 16 6 16
12. L. elongatus @ 215 109 | 78 7 9 7 7 277
13. L. eridanicus @ @ 5 5 5 5
14. L. euonymus 59 46 3 @ 13 46 @ 72
15. L. fasciatus @ 1 ] [©) @ 1
16. L. globulicauda 1%

17. L. goodeyi ® 1 @ BlO| 2 1 @ 1 97
18. L. intermedius @ 7 15 15 15 4 29
19. L. iuglandis @ 1 1 1 1 1
20. L. latocephalus x

21. L. leptocephalus 3 89 49 2 79 96
22. L. lusitanicus %

23. L. macrosoma 38 1 70 1 9 1 13 75
24. L. magnus @ @ 13 @ 12 13 @ 1 1 13
25. L. moesicus @ 45 @ 6 45 49 12 56
26. L. nevesi X

27. L. picenus @ 9 6 3 9
28. L. protundorum 35 5 35 21 1 1 @ 53
29. L. protae @ @ 2 @ 2 2
30. L. proximus x

31. L. unedoi x

32. L. vineacola ® 19 16 [©) 1 (6) | 20

Species only present in one area

Coincidence of significant values of two fitting criteria

Significant values of Q3 - O1
2

by the numerical approach (Castillo, 1988). The UPGMA
clustering analysis algorithm, CLUSTAN package (1982),
was applied to the Longidorus distribution matrix (Table
ID as well as to the geographical overlap of CUs to pro-
duce comparable clustering patterns. Geographical overlap

was detected using the index of Margalef (1974; Table IID.
The biogeographical connections between the hypothe-
sized centres of origin of each species were estimated by a
graph executed by minimum spanning tree techniques
(CLUSTAN package, 1982). Connective lines extending to

— 75—



the tree root provide a testable hypothesis of phylogenetic
patterns of speciation of Longidorus in Euromediterranea.

A phylogenetic hypothesis based on a matrix of classi-
cal quantitative and qualitative morphological characters of
Longidorus was generated using parsimony as the optimiz-
ing criterion (PAUP program, version 2.4, Swofford, 1986).
To tentatively infer character polarity, character states were
compared with Xiphinema, a plausible outgroup of
Longidorus (Coomans, 1985).

Traditional qualitative characters included were those
of Hooper (1980) and Rey et al. (1988). Several multistate
morphometric characters with wide ranges for each spe-
cies was adapted from original descriptions for inclusion
in the matrix. Interspecific differences among states of
each morphometric character were statistically confirmed
by discriminant analysis using SPSS statistical package
(1975) to avoid inappropriate coding of continuous mor-
phometric characters.

Results
Distribution and Geographic Matrices
Data were compiled for biogeographical analyses on

two matrices. The first (Table II), showed the numebr of

TaBLE III - Total and overlapping surfaces of Chorological Units*,

recorded collection records of each species in each CU as
well as the sum of recorded collections across all sites.
This matrix was the basis for estimating the origin of each
species. Ten species were recorded at only a single CU.
The proportionality Q3-Q;/2 estimate of the origin general-
ly was less restrictive than the first method of estimate
based on the values of Iij that exceeded the
Euromediteranean average. Identity of the most reliable
centre of origin was based on coincidence of results of the
two methods. Each species associated with more than one
area was graphically positioned at an equidistant geomet-
ric point. Species distribution centres were represented on
a map (Fig. 2). Three fundamental distribution nuclei of
species groups were resolved as Atlantic-Centroeuropean,
Mediterranean, and primarily Iberian. Only three African
or Southern Mediterranean species (L. africanus, L. con-
goensis and L. cobni), are not clearly associated with these
three nuclei.

A second matrix was compiled to show the area of
each CU and the portion of the area that overlapped with
each other CU (Table III). Sampling records of species
were occasionally found in highly overlapping CUs such
as 3 (Ap DD, 5 (Ci D), and 10 (Ci A. T.). In these cases the
logical criteria for assignment was to record them in the
single area in which they were most nearly central.

Chorological Units (CU’s)**

Total So. We. Ap. AL M. M. Ea.

CU’s surface  Eur. Med. Di. Eur. CLT. Eur. Eurb. Holom. CiAP. CiLAT. NoMe. Trans Med. At
So. Eur. 12.42 - 642 417 777 331 570 350 11.08 6.01 452 11.79 261 0.00 352
We. Med. 7.67 - 415 173 425 000 000 732 000 377 647 169 0.00 0.00
Ap. Di. 4.66 - 1.20 370 0.00 0.00 391 217 475 469 256 0.00 0.00
At. M. Eur. 9.48 — 1.29 621 4.02 3.60 361 1.25 507 0.00 0.00 7.08
Ci. T. 4.39 - 0.00  0.00 4.01 0.00 3.02 394 133 0.00 0.00
M. Eur. 12.26 - 2.93 0.00 6.18 0.00 0.00 0.00 0.00 3.95
Eurb. 11.14 - 0.00 0.00 0.00 0.00 0.00 0.00 1.37
Holom. 15.18 - 255 530 1487 638 456 0.00
Ci.A.P. 7.85 - 3.69 0.06 000 0.00 0.00
CLA.T. 5.29 - 510 390 0.00 0.00
No. Med. 14.87 - 640 3.59 0.00
Trans. 8.03 - 2.26 0.00
#**+ Ea. Med. 37.80 — 0.00
Atl. 13.72 -

* Index of Margalef: S

m

™ See Figure 1 for location and corresponding numbers of CU’s.

I
B where I = surface area shared by A and B, A = surface area of A, B = surface area of B.

** As there is no limit in the East, its surface is considered as an ellipsoid to be able to do the Cluster Analysis.
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Cluster Analysis From Distribution and Geographic
Matrices

The clustering patterns generated by UPGMA (Fig. 3)
are useful to test the hypothesis of a major dispersal or
expansion process in Longidorus, because if dispersal was
not important there would be great similarity between the
geographic and nematode-based cluster patterns. Results
indicate great disparity between the the two cluster pat-
terns. Only CUs 1 (South Europe) and 8 (Holomediterranea)
are concordant between the two clustering patterns.
Comparisons between the clustering patterns of the two
data sets indicate a relatively high level of geographic conti-
nuity and a relatively low level of similarity of Longidorus
species distribution among CUs.

Distribution matrix graph analysis

Distribution matrix graph analyses were conducted
with three data sets to assist in identifying species with the
most plesiomorphic character states and sister groups
based on geographic distribution. The data sets for com-
parisons included origins estimated by [ij that exceeded
the Euromediteranean average (Fig. 4A), by Q3-Qq/2 (Fig.
4B), and by estimates coincident with the two approaches
(Fig. 4C). CUs 8 (Fig. 4A), as well as 7 and 11 (Fig. 4B) are
transitional areas with diverse species whose origins gen-
erally do not fit to these areas by the proportionality indi-
ces indicated above. Consequently, dendrograms based on
coincidence of origin data compare elimination of transi-
tional CUs 8 and 11, with elimination of CUs 7, 8, and 11.
When transitional areas are removed, the dendrograms are
essentially identical. The dendrogram developed from the
simplified matrix is thereby primarily controlled by endem-
ic species, and indicates orientation toward the Atlantic
where there is the greatest concentration of such endemic
species (i.e. L. carpetanensis, L. globulicauda, L. lusitani-
cus and L. neves)). The distribution graph does not estab-
lish which endemic species is most ancestral; rather,
hypotheses of ancestry are tested by a morphologically-
based cladogram congruent with the distribution graph.

Morphological data matvix

A matrix for cladistic analysis was developed from
morphological data extracted from original descriptions of
Longidorus (Table 1V). Xiphinema outgroups were also
included to infer polarity. Quantitative characters consid-
ered were female body length (L; 1), odontostyle length
(7), odontophore length (8), and classical ratios a (2), b
3, c D, ¢ (5), V (6), as well as distance of the oral aper-
ture from the guide ring/width of lip region (11).
Qualitative characters were the shape of the anterior
region (9), the amphid pouch in lateral view (10), and the
female tail (12).
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Fig. 3 - Comparison of faunistic and geographical similarity of the
chorological units (CUs). A: Faunistic similarities among CUs
based on presence or absence of Longidorus species (Table II). B:
Geographic similarities among CUs based on the index of
Margalef (1974) (Table III). Numbers represent CUs from Fig. 1.

Distinct character states of qualitative characters were
entered into the matrix as described in the literature
(Hooper, 1980; Rey et al., 1988). Plotting maximum
against minimum values of the 64 species accepted by Rey
et al., 1988, indicated continuous values for quantiative
characters except for the most extreme values of V.
Discriminant analysis was used to recognize greatest sig-
nificant differences for coding character states of quantita-
tive characters for the matrix (Table IV). Character states
of distance of the oral aperture form the guide ring/width
of the lip region follow Hooper (1980).

Several criteria were used to develop initial hypotheses
of polarity for qualitative characters (Table IV). Polarity of
lip region shape, amphid pouch shape, and oral aperture
to guide ring distance/lip region width, in the absence of
other criteria, were initially coded by the argument that
widely distributed states are most often plesiomorphic
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TaBLE IV - Matrix of mullistates characters. (See Table V for corvesponding characters).

Characters
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. aetnaeus

. africanus

. apulus

. attenualus

. belloi

. caespiticola

. carpetanensis
cobni

D N A S i
OO MO B N B b

. congoensis
. eylindricaudatus
. distinctus

=
oo o

. elongatus
. eridanicus

_
LA

. eUONYIMUS
. fasciatus
. globulicauda

[E
S

. goodeyi
intermedius
iuglandis

. latocephalus
. leptocepbaluts
. lusitanicus
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. Macrosoma
. magrius
. moesicus

(SRS
SN
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. nevesi

. L. picenus

. L. profundorum
. L. protae

. L. proximus

W N N B
O NO 0

. L. unedoi

W
—

. L. vineacola
Hypothetical
Ancestor
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o
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Note: Excluded species are: L. alvegus that has the same codification of L. attenuatus; L. dunensis which has the same codification as . pro-
tae, except in its value of V which is in the limit between L. attenuatus (1) and L. protae (0); this species belongs to the protae-attenuatus
group. L. closelongatus which was included by Dalmasso into the complex elongatus and has the same codification for ten characters with
L. protae, for nine characters with L. vineacola and ten characters with L. apulus; it belongs to the monophyletic group erected from the
node J of our cladogram. L. kuiperi because it shares codification with L. cobni, L. apulus, L. vineacola, and I. Jfasciatus. L. major which
shares the same states for all characters with L. magnus, except a questionable difference in length of the odontophore. L. juvenilis because
it shares the same states for all characters with . reneyii, except for possible differences in the amphidial shape; it also shares the same
states for all characters except V and amphidial shape with L. laevicapitatus, in addition, it would be the only “European” species with a
very short odontostyle, it shares a synapomorphy (state 1 of odontostyle) with L. laevicapitatus, L. reneyii, L. monile, I. paramonile, L. mon-
iloides and all non-Bulgarian populations (except a South African population) fecorded as L. pisi. I. pini described in 1987 by Andres and
Arias near the type locality and habitat of L. carpetanensis, shares with L. carpetanensis the codification for all characters except L and a;
even the authors of the species did not consider it a year later in a paper about identification species of Longidorus (Rey et al., 1988).
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(Hecht and Edwards, 1977). Hypotheses of polarity of
quantitative characters were also tested by comparison
with outgroup Xiphinema. A state of such a character
which is shared with the average of the character value for
Xiphinema initially was treated as plesiomorphic within
Longidorus (Fig. 5). Initial assignment of polarity of tail
shape was problematic because values for this index in
outgroup Xiphinema are outside the range of Longidorus.
Similarly, polarity was less clearly established for odontos-
tyle length, shape of anterior region, and shape of the lat-
eral pouch.

Initial hypotheses of polarity (Table IV) suggest L. aet-
naeus, L. carpetanensis, L. distinctus, and L. latocephalus
as the species with the greatest complement of plesiomor-
phic character states. Hypotheses of the ancestral endemic
species in Euromediterranea were tested by preliminary
phylogenetic methods.

Phylogenetic inference

To test hypotheses of the Longidorus outgroup of all
other Euromediterranean Longidorus species, tentative cla-
dograms were generated using a hypothetical ancestor
with ordered and unordered character options because the
evolution of characters was unknown. Resulting consensus
of the most parsimonious phylogenetic trees were congru-
ent with graph analysis in supporting L. carpetanensis as
an outgroup of all the other species. Qualitative characters
were considered as unordered character options in two
data sets (A and B). Odontostyle length was compared as
ordered (data set B) and unordered (data set A) (Fig. 6).
Alternately, a phylogenetic tree was generated using only
the ordered character option in the matrix for all charac-
ters (Fig. 6C). Longidorus caespiticola is supported as an
outgroup of two large monophyletic groups symbolized
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Fig. 4 - Graphs analysis among CUs A: according to the significant average of the Ijj index of proportionality. B: according to the average of
quartiles of Ijj of the index of proportionality. C: graphs according to both criteria and clusters based on each of the graphs. Numbers of

CUs are from Fig. 1.
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by Xand Y (X and Y are expanded to show species in Fig.
7A). Monophyly of L. leptocephalus/L. elongarus/L. globuli-
cauda/L. africanus is indicated by data sets A and B and
consensus AXB but L. globulicauda and L. africanus are
excluded by data set C, and L. globulicauda by the con-
sensus of AXBXC. Monophyly of the L. caespiticola group
is further supported by a subsequent separate analysis of
this region apart from all other species. Since this analysis
agreed with the configuration of the same species in
consensus AXB, this was selected for further testing (Fig.
7). The length of this parsimonious phylogenetic tree is 98
steps. The consistency index (C. 1) of 0.276 suggests a
very high degree of homoplasy including a large number
of parallelisms and reversals of states in a large number of
characters (Table V). Each terminal branch was labeled
geographically as an aid to infer the speciation process.

Evolutionary Tracks of Longidorus

The selected cladogram (Fig. 7) indicates main nodes
of dichotomies and these are always geographically locat-
ed between two plesiochoric components, whether con-
sidering the species with the largest complement of ances-
tral characters (nodes B, C, and D) or those with the larg-
est complement of derived characters (nodes located
among European, Iberian and Mediterranean species).
Tracks always have an opposing orientation following
East-West or North-South (Fig. 8).

The first (most ancestral) evolutionary event (node B)
presupposes a West-East direction from an ancestor locat-
ed in the North of the Mediterranean. This ancestor is sup-
ported as giving rise to L. aetnaeus and the typically
Balkan species, L. distinctus, and L. latocepbhalus. There is
little distance between node C which gives rise to L. inter-
medius and node D. Node D leads to the monophyletic
sister group from node M including L. globulicauda/L. lep-
tocephalus/L. elongatus/L. africanus, the first three species
being of Atlantic-European distribution. The first species of
“African” or Southern Mediterranean distribution arise from
nodes E and M (L. congoensis and L. africanus). The
Southern European ancestor at node G gives rise to two
lines with a West-East direction involving a second Iberian
(node I; ancestor of L. belloi and L. lusitanicus) and the
last Balkan speciation (L. moesicus). The ancestor repre-
sented at node K defines North-South evolutionary lines
including speciation of L. macrosoma, L. goodeyi, L. pro-
Jundorum, L. magnus and L. iuglandis. While Iberian spe-
ciation occurs both from an ancestor represented at node
I, speciation also occurs from the ancestor of L. fasciatus
in the middle-east region of the Mediterranean basin.
Excluding the eastern speciation of I. cobni, there is a
convergence of two European lines from the ancestor at
node 12 as well as that of L. cobni.

Discussion

Nematodes, including Longidorus, may prove to be
well suited for biogeographic investigations, particularly
because they are less vagile than most organisms and spe-
cific ecological requirements restrict dispersion (Zullini,
1970, Yeates, 1979; Freckman, 1982; Navas ef al., 1988). In
the light of conservative dispersal mechanisms, explana-
tions for differences in morphology and geography-based
patterns of Longidorus species must be sought in recon-
structing the past. These differences are primarily
explained by convergences and divergences of CUs and
Longidorus species. In addition, we have demonstrated
that these differences are affected by factors that may
obscure the natural expansion process. Such effects can be
minimized by correcting for the apochoric component and
fitting the origin by proportionality methods.

Some incongruence in morphology-based and geogra-
phy-based patterns may also reflect a paucity of reliable
morphologic characters for phylogenetic analysis. Many
classical diagnostic features are at the limits of LM, so that
some coding could be based on misinterpretations; also,
characters most informative for phylogenetic analysis may
prove to differ from homoplasious classical characters
which are nevertheless acceptable for species diangosis.
Furthermore, independence of characters, and particularly
ratios, is questionable and may confound phylogenetic
analyses. A large suite of reliable characters improves par-
simony tests of homoplasy. The Longidorus phylogeny
herein described, provides a hypothesis which is testable
in the future by new species, new collections sites, and
particularly by new character data from morphology and
biochemistry.

Although inferences of historical biogeography must
be based on current distribution of organisms, criteria can
nevertheless be selected that favour a historical rather than
an ecological interpretation (Kikawa and Pearse, 1969). In
historical biogeography it is necessary to look for species-
area relationships. Sauer (1990) observed that the same
area may be occupied by several closely related species
because divergent evolution may occur without geograph-
ic isolation. Since specific CUs may therefore not be evi-
dent from Longidorus distribution alone, we used CUs pre-
viously defined by distribution of a broad suite of other
organisms (La Greca, 1964). Fitting present distribution
with proportionality indices to hypothesize a centre of ori-
gin is used analytically (Page, 1987) to infer polarity of
morphoclines (Presch, 1989) and outgroups for phyloge-
netic tree construction. We consider our approach of
assigning polarity to morphometric character states accept-
able from a Popperian premise, since the hypotheses
derived from character analysis is falsifiable by subsequent
revision of the original matrix with new characters. In the
present proposed phylogeny of Euromediterranean spe-
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TABLE V - Evolution of characters of Longidorus and reduced states according to their possible grouping.

Character

el

Evolution

1 (L:body length)

2(a:body length/body width)

3(b:body length/oesophagus length)

4(c:body length/tail length)

5(c"tail length /tail width)
6(V: % of vulva position)

7(Odontostyle length)

8(Odontophore length)

9(anterior region shape)

10(Amphid shape)

11(Oral aperture to guide ring
distance/lip region width)

12(Tail shape)

Jt— ) — 2 —» 3

0= 1——»2:-’3
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0==1
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1 322
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Parallelism grouping

state 1

state 3

state2

state 1

state 2

state 2

state 0

states 2, 4

states 1,3

state 2

0-1

0-1,2-3

1-2

0-1

1-2

0-2

0-2

1-2,3-4

2-3
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cies, graph analysis (Page, 1987) was used to select one of
four species as the most likely hypothetical outgroup.
Although Page’s (1987) graph analysis approach was criti-
cized by Humphries and Seberg (1989), they recognized
the value of the method for generating tracks of geograph-
ical patterns, particularly when information for alternate
approaches to selecting an outgroup is unavailable.
Minimum spanning tree graphs consistently orient
toward the Atlantic (area 14) where L. carpetanensis, the
species with a large set of plesiomorphic states, is endem-
ic, as might be predicted by the dispersalist model. Nelson

and Platnick (1981) consider the pleisomorphic condition
of a taxon as primitive cosmopolitanism. The dispersalist
model of biogeography, predicts that the once primitive
cosmopolitanism would become restricted to a small area
as a geographical relic (Simpon, 1944). The vicariance
model, on the other hand, predicts that the primitive cos-
mopolitanism would persist as widespread. Both processes
produce equal patterns but with different explanations
(Briggs, 1992). More generally, it may only be assumed
that where geographic areas and species distribution are
congruent, they have a common or vicariant history.
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Conversely, if congruence is weak, the hypothesis must be
considered that the species and areas do not have a com-
mon history but only a relatively recent asociation since
species dispersion (Mayden, 1988; Greham, 1990).

The phylogenetic hypothesis generated here by PAUP
has a low consistency index (CI) which is predicted where
there is a large number of taxa (Archie, 1989a, b). A low
Cl may also indicate homoplasy, including redundant or
parallel evolution and, particularly in the present case,
reversal of character states. An alternative explanation that
assumptions of homology of extant characters are faulty or
based on miscoding, is testable by new investigations of
existing characters and discovery of new characters
(Kluge, 1989; Baldwin and Schouest, 1990). Of particular
interest to Longidorus is the concept of nonuniversal
derived character states, in which true parallelism is poten-
tially significant for phylogenetic inference (Sluys, 1989) at
certain levels within the group under consideration. In
fact, the repeated appearance of states in several taxa of
an ingroup is used to support the hypotheses of mono-

phyly of the ingroup as suggested by the “underlying syn-
apomorphy” of Saether (1983), the “unique inside parallel-
isms” of Brundin (1976) and the “non universal derived
character states” of Cantino (1985). Sober (1988) considers
dispersion and extinction as the conceptual correspon-
dence to homoplasy: both may confound phylogenetic
inference. Parsimony guides us toward preference for
hypotheses that minimize such assumptions.
Biogeographic and phylogenetic data suggest both
vicariant and dispersalist speciation of European species of
Longidorus. The mosaic pattern of distribution of the two
largest monophyletic groups (X and Y) as well as the Z.
leptocepbalus/L. elongatus/L. globulicauda group suggest
major dispersalist speciation events originating from the
same evolutionary level at nodes F and N of the clado-
gram (Fig. 7 and 8). This conclusion is supported by geo-
graphic distribution which suggests a convergence of spe-
cies at these nodes. In addition to dispersalist speciation,
some evolutionary tracks may indicate a vicariant process
at origins more ancient than nodes F and N (Fig. 9),
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Fig. 9 - Evolutionary lines which connect areas in the first speciation event based on shared areas of the cladogram. Letters are the main

nodes of cladogram of Fig. 7.

including separation at nodes B, C, D, E, and M. In
Longidorus vicariant species are those primarily character-
ized by sets of pleisomorphic states, including . laroceph-
alus, L. distincius, and L. aetnaeus. These species are
clearly geographically separated by their presence or
absence in CUs 5 or 9 (Figs. 9). This orientation of the
evolutionary tracks is predicted by the complex geological
history of central Mediterranean (Rogl and Steiniger, 1983).
The West-East orientation of tracks from nodes M and the
location of nodes F from E (Figs. 8 and 9), approximates
to the southern boundry of glaciation (Pomerol, 1973).
After glaciation a plausible hypothesis is that founder spe-
cies L. intermedius (C), L. africanus (M) and L. congoensis
(E) were the origin of dispersive speciation throughout
much of Euromediteranea (Fig. 8). Initial vicariant specia-
tion, followed by subsequent evolutionary hybridization, is

common in other edaphic groups (Coates, 1989a, b; Stace,
1989) and may result in a high degree of dispersal specia-
tion as observed in Longidorus. This pattern of speciation
could explain the high degree of homoplasy. It could also
explain the observation that the majority of Longidorus
species are polyphyletic sensu Farris (1974) and Platnick
(1977).

Our results show that vicariant biogeography can
resolve some aspects of the current pattern of Longidorus
distribution and speciation origin, but that present data
suggest a dispersalist model as a primary explanation for
large groups of Longidorus species in Euromediteranea.
Oosterbroek and Arntzen (1992) reinforces our views on
first Iberian speciation, central Mediterranean nodes (linag-
es), Balkan speciation and vicariant and dispersalist mod-
els. Biogeographic studies on insects of the Neoartic
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Region led to similar conclusions that vicariance alone
cannot explain current patterns of species (Noonan, 1988).

The authors appreciate the critical review of the manu-
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