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Summary. Problems associated with identification of species attributed to the Xiphinema americanum 
group are reviewed to provide a 'benchmark' for a European Economic Union hnded research 
collaboration. The principal objective of the research is to establish a d e f ~ t i v e  morphological and 
molecular scheme for detection and diagnosis of virus-vector nematodes in the group. Forty-nine putative 
species are included in the group, together with two species considered species inquirendae. Information 
and comments on the geographical occurrence and distribution of each species is provided. Those species 
for which there is unequivocal evidence of the nematodes' ability to transmit viruses are listed, together 
with those species that have been reported to have three or four juvenile stages. A series of polytomous 
identification keys is provided as a practical means for establishing a preliminary identification of X 
americanum group nematodes occurring in the major geographical areas. The identification keys are 
provided in the expectation that researchers world-wide will provide constructive comment for improve- 
ment with the objective of finally establishing a practical, d e f ~ t i v e  morphological identification key. 
Key words: Distribution, European Economic Union, nematodes, polytomous identification keys, 
quarantine organisms, virus-vectors, Xiphinema americanum group. 

Taxonomic problems associated with X. ameri- 
canum group nematodes might be considered only 
of academic interest. However, in North America 
these nematodes are natural vectors of four eco- 
nomically important nepoviruses that cause sub- 
stantial damage to a wide range of crops (Taylor & 
Brown, 1997). Thus, accurate identification of those 
species that have the ability to transmit virus is 
essential. Also, several of the species that are known 
to act as virus-vectors and three of the four ne- 
poviruses are listed as A1 quarantine organisms by 
the European and Meditemnean Plant Protection 
Organisation, and in the European Community 
Plant Health Directive are given an Annex designa- 
tion of I/Al. 

A broad conception of the identity and geographi- 
cal spread of Xiphinema americanum was proposed 
by Cobb (1913) when describing it as the type 
species of the genus Xiphinema. Thorne (1939) 
concurred with Cobb, but subsequently Lima (1965) 

and Tarjan (1969) suggested that populations iden- 
tified as X. americanum more correctly represented a 
complex of several species. This suggestion was based 
on the observation that substantial morphological 
and morphometrical variability was apparent be- 
tween the various X. americanum populations. Tarjan 
(1969) introduced the notation 'Xiphinema ameri- 
canum group' to stress the complexity of the problem. 
A study of nunlerous ' X  americanum' populations 
from disparate geographical areas led Lamberti & 
Bleve-Zacheo (1979) to conclude that they were 
dealing with 25 dEerent species, fifteen of them 
regarded as new. These authors also proposed that 
each species could be attributed to one of several 
morphological groups. Subsequently, this approach 
was developed by employing hierarchical cluster 
analysis (Lamberti & Ciancio, 1993; 1994), but it 
failed to provide clear demarcation amongst the 
groups, or unequivocal interpretation on species 
identity and relationships. The identification of 25 X. 
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americanum group species, and subsequent descnp- 
tion of further species, has provoked considerable 
taxonomic debate, but without any resolution to the 
problem. Publication of a polytomous key for iden- 
tlfying Xiphinema species, and a subsequent revision 
and several supplements of the key, excluded X. 
americanum group species. The authors of the origi- 
nal key, Loof & Luc (1990), concluded that ' a  
thorough revision of the group is necessary before any 
statements can be made about number and validity of 
the species pertaining to i f .  

Dichotomous identification keys for X. ameri- 
canum group species have been published (Lamberti, 
1980; Ebsary et al., 1989), and the most comprehen- 
sive of these (Lamberti & Carone, 1992) was subject 
to a comprehensive rebuttal (Loof et al., 1993). 
However, the authors of the rebuttal did not provide 
an alternative identification key, and merely con- 
cluded ' A  dichotomous key may be more practical than 
a polytomous one in that a polytomous key would be 
extremely difficult to construct due to many overlaps. 
But this illustrates clearly that the species problem in 
this group is far from solved. Unfortunately, such a 
conclusion simply promulgates the problem and does 
not address it. Loof et al. (1993) also suggested that 
molecular or biochemical techniques could be used 
for specific determination, but acknowledged that 
the problem remains as specific identification is 
necessary before such methods can be developed. 
Nematode taxonomy is based on the morpho-species 
concept and molecular techniques are complemen- 
tary to traditional morphological data, thus 'Mopho- 
 log^ has been and will continue to be the mainstay of 
nematode taxonomy.' (Curran, 199 1). 

In recognition of the absence of a reliable means 
for identifying virus-vector X. americanum group 
species The European Economic Union (EU) re- 
cently provided the authors with funding for a four- 
year research project. The primary objective of the 
project is to provide a definitive scheme for the 
detection and diagnosis of virus-vector X. ameri- 
canum group nematodes for inclusion in a set of 
diagnostic protocols on quarantine pests being de- 
veloped by the EU. 

To commence this EU initiative we provide a 
'benchmark' review in which all Xiphinema species 
are listed that broadly share the characteristics attrib- 
uted to the X americanum group. Brief comment is 
provided on the current taxonomic status of the X. 
americanum group, and the geographic occurrence 
and distribution of the species are presented. An 
assessment is made of the practical significance of 
the species comprising the X. americanum group, 
especially in relation to the nematodes' ability to 
transmit virus. A series of polytomous identification 

keys for the X. americanum group of species are 
provided, based on the geographical occurrence of 
these nematodes world-wide. The identification keys 
are presented here in the expectation that colleagues 
world wide will provide valuable constructive com- 
ment for improvement, with the objective of finally 
establishing a practical identification key acceptable 
to the majority of, if not all, plant nematologists. 

Definition of the X. americanum group 
To establish a molecular-based diagnostic proto- 

col to facilitate identification of species comprising 
the X. americanum group it is essential to identtfy 
the prima~y morphological characteristics that de- 
scribe the group. ThereaRer, those Xiphinema species 
that have these characteristics can be assigned to the 
group. 

Luc et al. (1998), on the basis of selected char- 
acters, proposed a list of 34 valid species comprising 
the X. americanum group, with an additional two 
species inquirendae. Unfortunately, these authors 
chose to ignore the morpho-species concept, and 
instead used a combination of primary morphologi- 
cal and secondary biological characters to assign and 
reject species to the X americanum group. Also, these 
authors included several species that were 'exceptions' 
to the morphological characters used to define the 
X. americanum group, with the inclusion of the 
species being justified on the basis of secondary 
biological characters. Similarly, other species were 
rejected based on secondary biological characters. 
The characters used by these authors to define the 
X. americanum group were: 
i) habitus usually in a close C-shape or spiral; 
ii) body small, under 2.2 mm in length; 
iii) odontostyle robust, rarely longer than 150 pm; 
iv) tubular part of pharynx relatively wider than in 

other species of Xiphinema and gradually ex- 
panding into the bulb; as a consequence the 
bulb is less distinctly offset; 

v) nuclei in the pharyngeal bulb occupying posi- 
tions dBerent from those in other species of 
Xiphinema: dorsal nucleus further from dorsal 
orifice, subventml nucleus further posterior; 

vi) V% generally 50 or more; 
vii) female genital branches equally developed, gen- 

erally short; undifferentiated uterus of medium 
length, usually not clearly demarcated from an 
ovejector; slender part of the oviduct not 
clearly demarcated from the poorly developed 
pars dilatata; 

viii) symbionts present in the intestinal cells of juve- 
niles and occasionally in adults; always in the 
ovaries; 
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ix) tail short (c' under 2.5), broadly rounded, co- 
noid-rounded or regularly conical to slightly 
digitate; 

x) males very rare or unknown; females devoid of 
sperm; 

xi) males with five or more medioventral supple- 
ments, the most posterior usually lying within 
the spicule range; 

xii) three or four juvenile stages. 

Luc et al. (1998) concluded their diagnosis for 
the X. americanum group by stressing that 'the most 
striking character of the group is the very particular 
structure of the female genital system, mainly the poor 
d~yerentiation of the gonoduct and the pmsence of 
symbionts in the ovaries'. From the list above viii, x, 
and xii are secondary biological characters that do 
not fulfil. the morpho-species concept. Xiphinema 
brevisicum, X. longistilurn, X. mesostilum, X. microsti- 
lum, and X. pachydermum were excluded from the X. 
americanum group by Luc et al. (1998) on the basis 
that: i) males common and reproduction apparently 
amphimictic, ii) no symbionts in the oocyte, iii) uterus 
unipartite, of medium length and distinct from the 
ovijector, and iv) oviduct with normal structure. How- 
ever, these authors acknowledge that symbionts are 
present, but less numerous than in other species in 
the group, arranged in parallel strands in the wall of 
the ovaries in X. mesostilum. Also, they included X. 
bacaniboia, X. sharmai and X. sitvaticum in the X. 
americanum group as a consequence of symbionts 
being present in these three species. However, X. 
bacaniboia and X. sharmai have body lengths a third 
longer than all other members of the group, and the 
stylet length of X. bacaniboia and X. silvaticum greatly 
exceed that of all other members of the group. 

The inconsistencies associated with the exclusion 
and inclusion of species in the X. americanum group, 
and particularly the involvement of secondary bio- 
logical characteristics to define the group, renders 
the approach adopted by Luc et al. (1998) as 
unsatisfactory. However, the morphological charac- 
ters used by these authors do provide a basis for 
defining the X. americanum group. 

In selecting diagnostic characters for dehing the 
X. americanum group, one must consider what Cobb 
(1913) viewed under his microscope when estab- 
lishing the genus Xiphinema. This opportunity is 
offered by a redescription of X. americanum (Lam- 
berti & Golden, 1984) that included several of 
Cobb's original specimens. Here we provide a mor- 
phological-based defmition of the X. americanum 
group that incorporates elements of the original 
description of the Xiphinema genus provided by Cobb 
(1913, 1914, 1918), the morphological characters 
proposed by Luc et al. (1998), and with appropriate 

amendments relating to species described during the 
last 85 years. 

The definition proposed here for the Xiphinema 
americanum group, which is based only on morpho- 
logical characters, is: 
i) habitus a more or less open C to spiral; 
ii) body length from 1 to 3 mm; 
iii) lip region frontally rounded, continuous with 

the rest of the body, separated by a more or 
less pronounced depression or expanded; 

iv) odontostyle 60 to 200 pm with well flanged 
odontophore and guiding apparatus as a tube; 

v) amphidial pouches stinup-shaped; 
vi) oesophagus dorylaimoid; 
vii) vulva 42 to 65%; 
viii) female genital system amphidelphic, with 

equally developed branches short or medium- 
sized undaerentiated uteri, devoid of any 2- 
dserentiation; reflexed ovaries; 

ix) tail conoid with more or less acute terminus, 
sometimes subdigitate. 

Based on the above criteria we include a total of 
5 1 species in the X. arnericanum group, two ofwhich, 
X. neoarnericanum and X. sharmai, are considered by 
Luc et al. (1998) to represent species inquirendae. 

Luc et al. (1998) proposed several species as 
junior synonyms of X. brevicollum; but for the 
purpose of the present paper we include these in the 
list of valid species. This does not infer the rejection 
of these synonymies, but rather we consider it more 
useful to include all species until comparison can be 
made with the morphological and molecular data 
that is currently being accumulated as part of the EU 
hnded project. When these data become available a 
comprehensive comparison and review of the species 
can be achieved that will provide a balanced rationale 
for establishing synonymies with members of the X. 
americanum group. 

Geographical occurence and distribution of 
X. americanum group species 

The species we consider to fulfil the definition of 
the X. americanum group are listed in alphabetical 
order with comments and information on their 
geographic occurrence and distribution. 

X. americanum Cobb, 1913, the type species of 
the genus Xiphinema, has been reported from locali- 
ties world-wide (Siddiqi, 1973; Lamberti & Bleve- 
Zacheo, 1979). However, its identity requires to be 
confirmed as previously most authors have used the 
sensu lato conception of this species. It is wide- 
spread in North America, particularly in the eastern 
region (Lamberti & Bleve-Zacheo, 1979; Wojtowicz . 
et al., 1982; Lamberti & Golden, 1984; Ebsary et al., 
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1984; Lamberti & Golden, 1986; Georgi, 1988; Cho 
& Robbins, 1991; Robbins, 1993). The occurrence 
of X. americanum sensu stricto in South Africahas 
been confirmed by Loots & Heyns (1984) and 
Lamberti et al. (1995). 

Following the revision of the X. americanum 
group by Lamberti & Bleve Zacheo (1979) several 
authors continued to refer to populations of these 
nematodes as being X. americanum sensu lato, or 
even simply X americanum (Griesbach & Maggenti, 
1989, 1990; McKenry, 1984). Other authors re- 
ported populations of X. americanum group species 
found occurring in various countries as being 'X. 
americanum ': Australia (Harris, 1980), Cuba (Dias- 
Silveira & Herrera, 1995), India (Bajaj & Jairajpuri, 
1979; Malik & Jairajpuri, 1984; Ganguly & Khan, 
199l), northern Caucuses (Alpat'ev et al., 1980), 
Phillipines (Valdez, 1980), Nigeria (Babatola, 1984), 
Trinidad (Bala, 1984), Ukraine (Milkus & Kudin- 
skaya, 1980), and Uzbekistan (Azizova, 1985). These 
and other records reporting X. americanum from 
various localities world-wide require the specific 
identification to be confirmed. 

This species is a natural vector of at least three, 
and possibly four, nepoviruses (Taylor & Brown, 
1997). Diagnostic characters of X. americanum sensu 
stricto Cobb, 19 13 were reported by Lamberti & 
Golden (1984) in a redescription of the species 
based on specimens collected at Arlington Cemetery 
that is only a few miles from Fall's Church, Virginia, 
USA, the type locality identified by Cobb (1913). 
These specimens were compared with several of the 
original type-specimens collected by Cobb (19 13) at 
Arlington Farm, which is now incorporated in Arlin- 
gton Cemetery. Although poorly preserved, the type- 
specimens appear almost identical with those col- 
lected from Arlington Cemetery. As the original type 
locality is no longer available we propose that speci- 
mens from the site at Arlington Cemetery be regarded 
as representing X americanum sensu stricto, thus 
providing a site from which specimens may be 
obtained for fbture molecular study. 

2. X. bacaniboia Orton Williams, 1984 has only 
been reported from specimens collected at the type 
locality, a rainforest in Fiji. 

3. X. brevicollum Lordello et DaCosta, 196 1, the 
latinized specific name having been recently cor- 
rected from X. brevicolle by Luc et al., (1998), was 
originally described from specimens collected from 
the rhizosphere of a coffee plant growing in an 
ornamental garden in the centre of Sao Paulo, Brazil. 
The coffee plant is still growing at this site and 
further specimens of X. brevicollum have been col- 
lected from this locality on several recent occasions 
(L.C.C.B. Ferraz, pen. comm.). The species is 

widespread in Brazil, occurs in Venezuela (Crozzoli 
et al., 1998) and Belize (Bridge et al., 1996), and 
has been reported from the USA, and from several 
countries in Europe, Africa and Asia. However, 
Lamberti et al. (1992) consider that it is restricted 
in its distribution to Brazil, and probably neighbour- 
ing countries in Latin America, and that reports of 
its occurrence outside South America likely refer to 
other species. However, a report of X. brevicollum 
occurring in Kenya (Coomans & Heyns, 1997) 
appears to be based on a correct identification of the 
specimens. Other reports of the occurrence of X 
brevicollum published after revision of the species by 
Lamberti et al. (1992), e.g., Bulgaria (Peneva & 
Choleva, 1992), China (Xu et al., 1995), Martinique 
(Luc & Coomans, 1992), Altai region, Russia(Ro- 
manenko, l992), Slovakia (Liskova, 1995), and Uz- 
bekistan (Khurramov & Subbotin, 1993), require 
the species identification to be confirmed. 

4. X. brevisicum Lamberti, Bravo, Agostinelli et 
Lemos, 1994 occurs in several vineyards in northern 
Portugal (Lamberti et al., 1994). 

5. X. bricolensis Ebsary, Vrain et Graham, 1989 
was described from specimens collected in British 
Columbia, Canada. It is relatively widespread along 
the Pacific coast States of North America, and is 
present in California (Cho & Robbins, 1991). This 
species is a natural vector of tomato ringspot virus 
(Brown et al., 1994b) 

6. X. califomicum Lamberti et Bleve-Zacheo, 
1979 was described from California and Mexico. It 
has also been reported to occur in eastern USA 
(Jaffee et al., 1987; Georgi 1988; Halbrendt & Brown, 
1992), Central Mexico (Lamberti & Golden, 1986), 
Chile (Lamberti et al., 1988); to be widespread in 
Peru (Lamberti et al., 1987a; Alkemade & Loof, 
1990),and Brazil (Lamberti et al., 1987c; Sperandio 
& Monteiro, 1993). Xiphinema califomicum is a vec- 
tor of tobacco ringspot, tomato ringspot and cherry 
raspleaf nepoviruses (Brown et al., 1994a). 

7. X. citricolum Lamberti et Bleve-Zacheo, 1979 
was described from specimens collected from Eloise, 
Florida, USA, and subsequently was reported from 
Arkansas, USA (Robbins, 1993). 

8. X. diffium Lamberti et Bleve-Zacheo, 1979 
has a world wide distribution extending from Africa 
to Asia (Lamberti & Bleve-Zacheo, 1979; Lamberti 
et al., 1992; Heyns & Coomans, 1994). This species 
has also been reported from a sample from Easter 
Island, Chide, probably representing an introduction 
with planting material (Lamberti et al., 1992), and 
from Portugal (Lamberti et al., 1994), and China 
p a n g  et al., 1996) but these identifications require 
confirmation. 

9. X. duriense Lamberti, Lemos, Agostinelli et 
D7Addabbo, 1993 is widespread in Portugal (Lam- 
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has been reported. 

10. X. floridae Lamberti et Bleve-Zacheo, 1979 
was described from specimens collected in Florida, 
USA, and subsequently was reported from Chile 
(Lamberti et al., 1988) and Peru (Larnberti et al., 
1987a). However, at least some of the specimens 
from Peru were subsequently identified as repre- 
senting X californicum (Alkamede & Loof, 1990), 
and these authors suggested that identifications of X. 
floridae from Latin America require confirmation. 

11. X. fortuitum Roca, Lamberti et Agostinelli, 
1987 has only been recorded from the rhizosphere of 
peach in the type locality, northern Italy. 

12. X franci Heyns e t  Coomans, 1994 has only 
been described for the type locality, forest soil in 
Madagascar. 

13. X. georgianum Lamberti et Bleve-Zacheo, 
1979 was originally described from Georgia and 
Florida, USA, and subsequently was reported from 
Brazil (Ferraz, 1980) but this identification requires 
confirmation (Doucet et al., 1998). 

14. X. himalayense Ahmad, Lamberti, Rawat, 
Agostinelli et Srivastava, 1998 has only been de- 
scribed form the type locality at high elevation in the 
Garhwal Himalayas, India. 

15. X inaequale (Khan et Ahmad, 1975) Khan 
et Ahrnad, 1977 was described from specimens col- 
lected at a site at high elevation in India and sub- 
sequently has been reported from Peru (Lamberti et 
al., 1987a) and Chile (Lamberti et al., 1988). 

16. X. incertum Lamberti, Choleva et Agostinelli, 
1983 was described from five specimens, each col- 
lected at a different locality in Bulgaria, and sub- 
sequently a single female was reported from Croatia 
(Barsi, 1989, 1994). 

17. X. incognitum Lamberti et ~leve-kcheo,  
1979 was described from specimens recovered from 
the rhizosphere of a bonsai tree imported from Japan 
and intercepted by the Quarantine Service in Eng- 
land. Subsequently, the species has been reported 
from Japan (Shishida, 1983; Hirata & Yuhara, 1986), 
South Africa (Lamberti et al., 1995), and China 
(Wang et al., 1996). 

18. X. intermedium Lamberti et Bleve-Zacheo, 
1979 was originally described from Florida, USA, 
and subsequently was reported from Mississippi, 
USA (Cho & Robbins, 1991) and Pakistan (Lam- 
berti et al., 1987b). This species is the casual agent 
of a decline of Bermuda grass in Florida (Leone et 
al., 1997) and in laboratory studies X. intermedium 
transmitted tobacco and tomato ringspot viruses 
(Brown et al., 1996). 

19. X. kosaigudense Quraishi et Das, 1984 has only 
been described from specimens recovered from 
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grapevines growing at the type locality in northern 
India. 

20. X. laevistriatum Lamberti et Bleve-Zacheo, 
1979 has only been recorded from the type locality 
in Florida, USA. 

21. X. lambertii Bajaj et Jairajpuri, 1977 has only 
been recorded from the type locality in northern 
India. 

22. X. longistilum Lamberti, Bravo, Agostinelli et 
Lemos, 1994, a bisexual species,has only been de- 
scribed fiom the type locality in southern Portugal. 

23. X. luci Lamberti et Bleve-Zacheo, 1979 has 
only been described from the type locality in Senegal 
and subsequently from Florida, USA (MacGowan, 
1988), but this latter record requires confirmation 
(Robbins & Brown, 1991). 

24. X madeirense Brown, Faria, Lamberti, Hal- 
brendt, Agostinelli et Jones, 1993 was originally des- 
cribed from the island of Madeirawhere it apparently 
occurs only in the northern coastal region (Brown et 
al., 1993; Lamberti et al., 1994). It has also been 
reported from mainland Portugal and from Terceira 
Island, Azores (Larnberti et al., 1993; Lamberti et al., 
1994). 

25. X. mesostilum Lamberti, Bravo, Agostinelli et 
Lemos, 1994, abisexual species, has only been de- 
scribed from the type locality in southern Portugal. 

26. X. rnicrostilum Lamberti, Bravo, Agostinelli et 
Lemos, 1994, a bisexual species,has only been de- 
scribed from the type locality in southern Portugal. 

27. X minor Ahmad, Lamberti, Rawat, Agos- 
tinelli et Srivastava, 1998 has only been recorded 
from the type locality at high elevation in the 
Garhwal Himalayas, India. 

28. X neoamericanum Saxena, Chhabra et Joshi, 
1973, has only been recorded fiom the type locality 
at high elevation in northern India, and is considered 
a species inquirenda (Luc et al., 1985). It has also 
been reported from Florida, USA (Norton et al., 
1984), but this record requires confirmation (Rob- 
bins & Brown, 1991). 

29. X. neoelongatum Bajaj et Jairajpuri, 1977 has 
only been recorded from the type locality in northern 
India. 

30. X. occiduum Ebsary, Potter et Men, 1984 
occurs at several localities in western Canada, the 
only region from where it has been reported. Vrain 
and Yorstom (1987) reported the species to be 'a 
new vector of nepoviruses', but the ability of X 
occiduum to transmit virus requires confiiation. 

31. X. opisthohysterum Siddiqi, 196 1 was described 
from specimens collected in northern India. Sub- 
sequently, the species has been reported to occur in 
Bulgaria (Choleva & Budurova, 1983) and Po~tugal 
(Sturhan, 1983), but these identifications of X. opis- 
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thohysterum require confirmation, particularly as 
Lamberti et al. (1993) suggested that the population 
reported from Portugal might be X. duriense. 

32. X. oxycaudatum Lamberti et Bleve-Zacheo, 
1979 was described from specimens collected in 
Nigeria and subsequently was reported from Nigeria 
(Bos & Loof, 1984), Kenya (Coomans & Heyns, 
1997) and Pakistan (Nasira & Maqbool, 1998). 

33. X. pachtaicum (Tulaganov, 1938) Kirjanova, 
1951 was described from specimens collected in 
Central Asia and is considered to have a world wide 
distribution (Larnberti & Siddiqi, 1977; Robbins, 
1993; Doucet et al., 1998). The species is widespread 
in countries bordering the Mediterranean, central 
and eastern Europe and southern Russia. Xiphinema 
pachtaicum has also been reported from Brazil, Chile, 
and Trinidad, but these identifications, as with those 
from North America, require confirmation and at 
sites where it occurs it is probably associated with 
planting material introduced from Europe (Doucet 
et al., 1998). It has also been reported from Australia 
(Hanis, 1980), North America (Robbins & Brown, 
1991), and South Africa (Heyns, 1977; Lamberti et 
al., 1995). Khurramov (1989) reported X. pach- 
taicum transmitting viruses to uncultivated pome- 
granate trees in the Central Asian republics of the 
former Soviet Union, but this report of the species 
transmitting virus requires confirmation. 

34. X pachydermum Sturhan, 1983, a bisexual 
species, was described from specimens collected from 
scrubland at the type locality at Oeiras, Portugal, and, 
it has been recovered on several occasions from this 
site (Lamberti et al., 1994). The species has also been 
reported to occur in Pakistan (Nasira& Maqbool, 
1992), but this identification of X pachydermum 
requires confirmation. 

35. X pacificum Ebsary, Vrain et Graham, 1989 
has only been recorded from the type locality in 
British Columbia, Canada. 

36. X pakistanense Nasira et Maqbool, 1998 has 
only been reported from the type locality in Kashrnir, 
Pakistan. 

37. X. paramonovi Romanenko, 1981 was de- 
scribed from specimens collected in Russia and has 
been reported from Azerbaijan and Moldavia (Ro- 
manenko, 1981). 

38. X pawum Lamberti, Ciancio, Agostinelli et 
Coiro, 1992 has only been described from the type 
locality in Jamaica, the specimens originally having 
been identified as X d@usum (Lamberti & Bleve- 
Zacheo, 1979; Lamberti et al., 1992). 

39. X. pemianum Lamberti et Bleve-Zacheo, 
1979, was described from specimens collected in 
Peru. Lamberti et al. (1987) identified further popu- 
lations of X. peruvianum collected from the 
rhizosphere of dXerent plants in Peru, however 

Alkemade & Loof (1990) subsequently examined 
specimens from these populations and concluded 
that they represented X. califomicum. Specimens 
from Chile identified as X. peruvianum (Lamberti et 
al., 1988) had longer body and stylet lengths and a 
more posteriorly located vulva than specimens from 
Peru (Lamberti & Bleve-Zacheo, 1979; Lamberti et 
al., 1987) and it was concluded that the identifica- 
tion of these specimens required confirmation (Al- 
kamede & Loof, 1990). Xiphinema peruvianum has 
also been reported from Venezuela (Crozzoli et al., 
1998), but identification of these specimens also 
requires confirmation (Doucet et al., 1998). 

40. X. pseudoguirani Lamberti, Ciancio, Ago- 
stinelli et Coiro, 1992 was originally described from 
Madagascar and subsequently has been reported 
from Papua New Guinea (Heyns & Coomans, 
1983) as X. guirani and from islands in the western 
Indian Ocean (Heyns & Coomans, 1994). 

41. X. rivesi Dalmasso, 1969 was originally de- 
scribed from France, where it is presumed to have 
been introduced from the French West Indies. Sub- 
sequently, it has been reported from a few disparate 
localities in Bulgaria (B. Choleva, pels. cornrn.), 
Germany (Sturhan, 1995), Spain (Arias & Navager- 
rada, 1973), and Portugal (Lamberti et al., 1994), 
but these identifications probably require confirma- 
tion. It is the most widespread X. americanum group 
species in North America (Ebsary et al., 1984; 
Robbins, 1993), and has been reported from several 
Central and South American countries (Doucet et 
al., 1998). The species has also been reported to 
occur in Pakistan (Nasira & Maqbool, 1992), but 
this identification of X. rivesi requires conha t ion .  
Xiphinema rivesi is avector of cheny rasp leaf, 
tobacco ringspot and tomato ringspot viruses (Brown 
et al., 1994a) 

42. X. santos Lamberti, Lemos, Agostinelli et 
D'Addabbo, 1993 was described from specimens 
collected from the rhizosphere of grapevines in Por- 
tugal and is widespread in the country, including 
Madeira and the island of Terceira in the Azores 
(Lamberti et al., 1994). It has also been reported to 
occur in vineyards of northern Egypt (Lamberti et 
al., 1996). 

43. X sharmai Luc, Loof et Brown, 1985 (apud 
X. indicum Shanna et Saxena, 198 1) was described 
from specimens collected in India, but is regarded as 
a species inquirenda (Luc et al., 1985). 

44. X. shed Lamberti et Bleve-Zacheo, 1979 was 
originally described from Thailand and subsequently 
was reported to occur in Florida, USA, but this 
identification requires confirmation (Robbins, 
1993). 

45. X. silvaticum Luc et Williams, 1978 has only 
been reported from the type locality in Mauritius. 
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46. X. simile Lamberti, Choleva et Agostinelli, 
1983 was described from specimens collected in 
Bulgaria, and subsequently has been identified from 
further sites in Bulgaria (Peneva & Choleva, 1992), 
Slovakia (Liskovaet al., 1993; Liskova et al., 1995), 
and from the former Yugoslavia (Barsi, 1994). It has 
also been reported from two sites in Kenya (Coo- 
mans & Heyns, 1997). 

47. X tarjanense Lamberti et Bleve-Zacheo, 1979 
has only been reported from the type locality in 
Florida, USA. In laboratory studies X. tarjanense 
transmitted tobacco and tomato ringspot viruses 
(Brown et al., 1996). 

48. X. taylori Larnberti, Ciancio, Agostinelli et 
Coiro, 1992 was described fiom specimens collected 
in Italy, and subsequently has been identified as 
being widespread in Central Europe (Larnberti et al., 
1992; Liskova et al., 1995; Barsi, 1996). This species 
has also been reported from one site in China (Wang 
et al., 1996), but this identification requires confir- 
mation. 

49. X tenuicutis Lamberti et Bleve-Zacheo, 1979 
was described from specimens collected in Tennes- 
see, USA, and subsequently was reported from Ar- 
kansas, USA (Wehunt et al., 1989). 

50. X. thomei Lamberti et Golden, 1986 was 
reported from Colorado and Idaho, USA, and sub- 
sequently from Pakistan (Nasira & Maqbool, 1998). 
It has also been reported from several sites in the Far 
East of Russia (Eroshenko & Esipenko, 1999) and 
is the most frequently occurring member of the X. 
arnericanum group reported from China (Wang et al., 
1996). 

51. X utahense Larnberti et Bleve-Zacheo, 1979 
was described from specimens collected in Utah, 
USA, and subsequently from Oregon (Lamberti & 
Golden, 1986) and as a slngle female specimen from 
Chile (Lamberti et al., 1988). 

Of the 51 species comprising the X. americanum 
group, the five bisexual species, X. brevkicum, X. 
longistilum, X. mesostilum, X. microstilum and X. 
pachydemzum, are reported only from Portugal. 
Four species, X bricolense, X. occiduum, X pacijicum 
and X. utahense, have been reported only from the 
northwestern states of the USA and Canada. Xiphi- 
nema americanum is prevalent in the Atlantic coastal 
States and has also been reported from South Africa, 
where it probably was introduced (Loots & Heyns, 
1984). Eight species, X. citricolurn, X. floridae, X. 
geolgianum, X intermedium, X. laevistriatum, X. tarja- 
nense, X. tecuicutis and X thomei, apparently occur 
mainly only in the States of the southern middle 
coast of the USA. However, X. jloridae and X. 
geolgianum have also been reported from South 
America, X. intermedium from Pakistan, and X. 

thomei from Pakistan and this species also seems to 
be widespread in China and Far East Russia. Xiphi- 
nema califomicum is widespread in California and 
Mexico, and has also been reported from a few 
localities in South America. Xiphinema rivesi is 
widespread throughout North America and the Ca- 
ribbean region, and apparently has been introduced 
to a few localised sites in Europe by human activities 
(Brown & Taylor, 1987). Xiphinemaparvum has been 
reported only from the island of Jamaica. Xiphinema 
peruvianum and X. brevicollurn may be considered 
South American species. Ten species, X. hima- 
layense, X inaequale, X. kosaigudense, X. lambertii, 
X. minor, X. neoamericanum sp. inq., X. neoelonga- 
tum, X opisthohysterum, X. pakktanense and X. shar- 
mai sp. ing., are reported from India. With the 
exception of X. kosaigudense and X. sharmai sp. inq., 
these species have been reported from the northern 
region of the country, with X himalayense, X. ina- 
equale, X. minor and X. neoamericanum sp. inq. found 
only at sites from high elevations. Only X. inequale 
has been reported from outside India, from South 
America. Xiphinema duriense, X. fortuitum, X incer- 
tum and X taylori are reported only from Europe, 
whereas X. madeirense, X. santos and X. simile appar- 
ently mainly occur in Europe, but have also been 
reported from one or two sites in Africa. Xiphinema 
franci, X. luci, X. pseudoguirani and X. silvaticum are 
reported from Africa, and X. oxycaudatum from Af- 
rica and Pakistan. Two species described from Asia, 
X. incognitum from Japan and X. sheri fiom Thai- 
land, have also been reported from South Africa and 
Florida, respectively. Only X. dc~usum and X. pach- 
taicum apparently have world-wide distributions, al- 
though the latter species is particularly prevalent in 
central and southern European and Mediterranean 
countries, and also occurs in Central Asia. Xiphinema 
bocaniboia has been reported only from its type 
locality in Oceania, and X. paramonovi has been 
reported only from scattered southern localities in 
the temtory of the former Soviet Union. 

Practical importance of individual 
X. americanum species 

The regional occurrence world wide of the 51 
species comprising the X. americanum group is 
presented in Table 1. For practical consideration, 
i.e., Quarantine services, the relative importance of 
species comprising the X. americanum group can be 
attributed to three classes of occurrence, i) wide- 
spread, ii) localised and iii) rare. However, the 
ability of even a rare species to transmit a virus is of 
significant practical importance. The relative impor- 
tance of species based on their occurrence within 



Table 1. The regional occurrence and prevelance of Xiphinema americanum group species. 

X. breviiollum X. braicollum (?) 

X. rnicmsiilum X. Iamevlstniatum 

X. neoamericanum (?) 

1 widespread, species occurs throughout the region, or is common in several areas of the region; localised, species widespread in a particular 
area, or has been reported infrequently from several areas in the region; rare, species reported only from the type locality. 

2 (?), species reported from the region, but identification requires confumation. 
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Table 2. Xphinema americanum group species that have three and four juvenile development stages, 
and species that transmit virus. 

X americanum s. s. amencanurn s. s. CRLV, TRSV, ToRSV 
X. madeimse 

CRLV, TRSV, ToRSV 

TRSV ToRSV 

*CRLV, cherry rasp leaf; PRMV, peach rosette mosaic; TRSV, tobacco ringspot; T O W ,  tomato ringspot 
nepoviruses. 

geographical regions is recorded in Table 1. Species 
that have been reported capable of transmitting plant 
nepoviruses are indicated in Table 2. 

Number of juvenile developmental stages 
(JDS) 

Robbins et al. (1996) published a compendium 
ofjuvenile stages of Xighinema species and noted that 
evidence for four JDS was available for only 63 of 
the then 220 putative species comprising the genus. 
Five of these species were members of the X. ameri- 
canum group and a hrther five species, three of 
which were members of the X. americanum group, 
had been reported as having only three JDS. 

M C G U ~ ~  (1964) was fir% to report that a popu- 
lation of X. americanum sensu lato, used for in- 
vestigations of the nematodes ability to transmsit 
tobacco ringspot nepovirus, was comprised of 'small 
larvae, larvae, preadults and adults'. Teliz (1966) and 
Iwaki & Komuro (1974) also reported that popula- 
tions of X americanum sensu lato, used for studies 
on the nematodes ability to transmit tomato ringspot 
neopvirus, were comprised of 'adults and three juve- 
nile stages'. Subsequently, Alkemada& Loof (1989) 
provided unequivocal evidence that populations of 
X. califomicum and X. rivesi, from Peru and Canada 
respectively, each had only three JDS. These authors 
also noted that with the X. americanum sensu stricto 
population referred to by Lamberti & Bleve Zacheo 
(1979) 'It is clear that here are only three juvenile 
stages too'. Halbrendt & Brown (1992, 1993) con- 
firmed the results of Alkemada & Loof (1989), and 
reported that populations of X. americanum sensu 
stricto, X. bricolensis, X. califomicurn and X. rivesi 
originating from North America had only three JDS. 
Subsequently, Lamberti et al. (1995) reported that a 
population of X. americanum sensu stricto from South 
Africa had only three JDS, and similarly Coomans 
& Heyns (1997) reported a population from Kenya, 

identified as X. simile, as having only three JDS. Also, 
Zheng & Brown (1998) reported that with two 
populations of X americanum sensu lato collected in 
China, one associated with Camellia japonica had 
three JDS, whereas the other population associated 
with Metasequoia glytostmboides had four J DS. 

Four of the five X. americanum group species 
reported as having three JDS are widespread or 
localised in North America, and each of these 
species transmits one or more nepoviruses (Table 2). 
The fifth species, X. simile, has been reported from 
Africa and Europe, but has not been associated with 
a nepovirus. The five species reported as having four 
JDS have not been associated with a nepovirus. 

Polytomous identification keys 

Morphological identification of X. americanum 
group species is problematic. The 51 species com- 
prising the group can be allocated to a series of sub- 
groups, based on their reported occurrence within 
geographical areas (Table 1). A series of polytomous 
identification keys have been established for species 
occurring in each of these regions. Such keys provide 
a practical method for facilitating a preliminary 
identification of specimens originating from these 
regions. A polytomous key in which all 51 putative 
species are included is also provided to further 
facilitate a preliminary identification of specimens. 
However, it is acknowledged that the keys do not 
provide a definitive taxonomic service. Also, several 
species are included in two or more of the 'regional' 
keys. 

Lamberti & Carone (1992) proposed a dichoto- 
mous key for the identification of the 39 species then 
included in the group. However, in an attempt to 
include intra- and inter-population variations of 
some species the overlap present with some meas- 
urements generated misleading trends. Therefore, we 
have adopted a slightly different approach in which 
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the mean value of the character from the original 
description of each species is used as the reference 
point. Wherever possible only data from the original 
species descriptions were used to prevent any errors 
arising from data being used from subsequent publi- 
cations that may have inadvertently included mis- 
identification of the species. Exceptions are X. ameri- 
canum sensu strict0 (data from Lamberti & Golden 
(1992)), X. brevicollum (Lamberti et al., 1992), X. 
inaeqwle (a population from the type locality, un- 
published data), X. opisthohysterum, (Lamberti & 
Bleve-Zacheo, 1979) (morphometrics obtained 
from two paratype female specimens), X. pachtaicum 
(Larnberti & Bleve-Zacheo, 1979), X. rivesi (Lam- 
berti & Bleve-Zacheo, 1979) and X. sharmai (Luc 
et al., 1985). 

Preference was given to quantitative morphologi- 
cal characters to rriinimise dependency on subjective 
qualitative characters. However, by necessity simple 
discrimination of the lip region being continuous or 
set off with the rest of the body, and of tail shape 
being either pointed or rounded, is included (Figs. 
1 & 2). 

The quantitative characters, odontostyle length, 
ratios c and c', V%, and distance of the basal guide 
ring from the anterior extremity (to be used only for 
specimens with retracted stylets) appeared to pro- 
vide the most stable criteria in the intra- and inter- 
population relationships. Body length readily de- 
marcated small and large species; ratio a and tail 
length each provided useful demarcation of some 
species, and finally body diameter at the vulva 
provided a means of discriminating several species. 

Characters used in the polytomous keys 
A: 1 lip region continuous with body profile (see 

Fig lA, B); 
2 lip region set off from body profile (see Fig 
1C-H); 

B: 1 body length < 1.5 mrn; 
2 body length 1.6 to 2.0 mm; 
3 body length >2.0 mm; 

C: 1 odontostyle length <86 pm; 
2 odontostyle length 86 to 100 pm; 
3 odontostyle length 101 to 150 pm; 
4 odontostyle length >I50 pm; 

D: 1 value of c' ratio < 1.1; 
2 value of c' ratio 1.2 to 1.5; 
3 value of c' ratio 1.6 to 2; 
4 value of c' ratio >2; 

E: 1 vulva 48 to 52%; 
2 vulva 53 to 56%; 
3 vulva > 56%; 

F: 1 value of a ratio (60; 
2 value of a ratio 61 to 80; 

3 value of a ratio >80; 
G: 1 value of c ratio (60; 

2 value of c ratio >60; 
H: 1 distance of basal guide ring from oral aperture 

(61 pm; 
2 distance of basal guide ring from oral aperture 
6 1 to 75 pm; 
3 distance of basal guide ring from oral aperture 
>75 pm; 

I: 1 tail length (27 pm; 
2 tail length 27 to 32 pm; 
3 tail length >32 pm; 

J: 1 tail with pointed terminus (see Fig. 2A-D); 
2 tail with rounded terminus (see Fig. 2E-H). 

DISCUSSION AND CONCLUSIONS 
Xiphinema americanum group species, with the 

exception of five species present only in Portugal, 
have a parthenogentic mode of reproduction that 
provides relatively little intrapopulation variation. 
Halbrendt & Brown (1994) raised ten populations, 
each from individual specimens, from wild-type 
populations of X. americanum group nematodes 
occurring in apple and peach orchards in Pennsyl- 
vania. The results from this study revealed that the 
wild-type populations contained several genotypes, 
and that the laboratory reared populations were 
isolated genotypes showing only a relatively narrow 
range, ca. lo%, of intra-population morphological 
variation. Thus, morphological variation in wild-type 
populations of X americanum group species may 
result from the presence of several genotypes. Host 
plant selection pressure, or other characteristics of 
a particular biotope, may influence the proportions 
of different genotypes occurring in wild-type popu- 
lations, and this may account for 'species' being 
described on relatively minor morphological differ- 
ences, and being attributed as having a wide range 
of morphological variation. 

The geographical occurrence and distribution of 
the 5 1 putative species comprising the X. americanum 
group reported here provides a comprehensive re- 
view of these nematodes. The polytomous identi- 
fication keys presented here for species reported 
from the major geographical areas are provided to 
facilitate an initial practical means for establishing a 
preliminary identification of specimens. It is ac- 
knowledged that hrther morphological and mo- 
lecular research done as part of the EU funded 
initiative will result in several of the current species 
becoming junior synonyms. It is anticipated that 
colleagues world wide will contribute to this process 
with the final objectives being to establish a list of 
valid species and a practical morphological identifi- 
cation key that will receive international acceptance, 



Xphinema americanum group 

Fig. 1. Examples of the anterior end of Xphinema americanum group nematodes as applied to the polytomous key 
for the group: A & B: Lip region continuous with body profile; C-H: Lip region set off from body profde. 

75 
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Fig. 2. Examples of the posterior end of Xiphinema americanum group nematodes as applied to the polytomous key 
for the group: A-D: Tail with pointed terminus; E-H: Tail with rounded terminus. 
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Polytomous key of X. americanwn group species occurring in Africa. 

Xi~hinema A B C D E F G H I J 
widespread 

pachtaicum 2 2 1/2 3/2 3/2 2/1 2/1 2/3 2/1 1 
diffirsum 2 2 2/1 1 1 1 2 2/1 1/2 2 

localised 
americanum sensu sfricto 2 2/1 1/2 3 1 1/2 1 2/1 3/2 1 
oxycaudatum 2 2/1 1/2 3/2 1/2 1 1/2 2/3 3 1 

rare 
luci 1 2 2 2/1 1 1 2/1 2/1 2/1 2 
franci 2 1/2 2 2/3 2/1 1 1 3/2 2 1 
santos 2 2 1/2 3 1/2 1/2 1/2 2 3/2 % 2 
simile 2 2/3 1 3 2/1 2/3 2/1 1 2 2 
incognitum 2 2/3 2/1 1/2 1 1 2/1 2/3 2 2 
brevicollum 2 3/2 3/2 1 2/3/1 1 2 3 2/1 2 

Polytomous key of X. americanwn group species occurring in Asia. 

Xiphinema A B C D E F G H I J 
widespread 

pachtaicum 2 2 1/2 3/2 3/2 2/1 2/1 2/3 2/1 1 
drmsum 2 2 2/1 1 1 1 2 2/1 1/2 2 
thomei 2 2/3 1 2 1 1/2 2/1 2/1 2 2 

localised 
sheri 2 2 2/3 1 2/3 1 2/1 3 1 2 
incognitum 2 2/3 2/1 1/2 1 1 2/1 2/3 2 2 

rare 
minor 1 1/2 1 3/2 1 1 1 1/2 2 1 
rivesi (?)I 1 2 1/2 2/3 1/2 1 1 2/3 3/2 2 
neoamericanum sp.inq. 1 2/1 1 1 1 1 1 ? ? 2 
inaequale 1 2/1 2/1 2/1 1/2 1 2/1 3/2 2 1 
himalayense 1 3 3 1 1/2 1 2 3 2 2 
kosaigudense 2 1 1 ? 1 1 1 2/3 ? 1 
lambertii 2 1 1 3/4 2/1 1 1 1 ? 1 
pakistanense 2 1/2 1 2/1 1/2 1 1/2 1/2 2/1 1 
neoelongatum 2 1/2 1 3/2 2/3 1 1 2/1 ? 1 
opisthohystemm 2 2 1 3/4 3 1/2 1/2 1 3 1 
sheri 2 2 2/3 1 2/3 1 2/1 3 1 2 
intermedium (?) 2 2/1 1 2/3 1/2 1 1 2/1 2/3 1 
oxycauda turn 2 2/1 1/2 3/2 1/2 1 1/2 2/3 3 1 
sharmai sp. inq. 2 3 2/3 ? 3/2 ? 2 ? 3 2 
pachydennum (?) 2 3/2 1/2 2/3 3 2/1 2 2/1 2/3 1 
taylori 2 3/2 2 1 1 1/2 2 3/2 2/1 2 
brevicollum (?) 2 3/2 3/2 1 2/3/1 1 2 3 2/1 2 

1 (?), species reported from region but identification requires confirmation. 

Polytomous key of X. americanum group species occurring in Europe. 

Xi~hinema A B C D E F G H I J 
widespread 

pachtaicum 2 2 1/2 3/2 3/2 2/1 2/1 2/3 2/1 1 
taylori 2 3/2 2 1 1 1/2 2 3/2 2/1 2 

localised 
rivesi 1 2 1/2 2/3 1/2 1 1 2/3 3/2 2 
duriense 2 2 1 4/3 3 2/3 1/2 2/1 2/3 1 
simile 2 2/3 1 3 2/1 2/3 2/1 1 2 2 
incertum 2 2/3 2 2/3 3/2 1/2 2/1 2/3 1/2 2 
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Xi~hinema A B C D E F G H I J 
madeirense 2 3 3/2 3/4 2/3 2/3 1/2 3/2 3 1 
brevisicum 2 3/2 1 4 3/2 3 1/2 1/2 3 1 

rare 
opisthohysterum (?)I 2 2 1 3/4 3 1/2 1/2 1 3 1 
santos 2 2 1/2 3 1/2 1/2 1/2 2 3/2 2 
dlfSusum 2 2 2/1 1 1 1 2 2/1 1/2 2 
microstilum 2 3 1 3 3/2 3/2 2 2/1 3 1 
mesostilum 2 3 2/3 2/3 3/2 3 2 3/2 1/2 1 
longistilum 2 3 3 2/3 3/2 2/3 2 3 3 1 
fortuitum 2 3 3/2 3/4 2/1 3/2 2 3/2 3 1 
pachydennum 2 3/2 1/2 2/3 3 2/1 2 2/1 2/3 1 
brevicollum (?) 2 3/2 3/2 1 2/3/1 1 2 3 2/1 2 

1 (?), species reported from region but identification requires contimation. 

Polytomous key of X. americanum group species occurring in the Former Soviet Union. 

Xiphinema A B C D E F G H I J 
widespread 

pachtaicum 2 2 1/2 3/2 3/2 2/1 2/1 2/3 2/1 1 
thomei 2 2/3 1 2 1 1/2 2/1 2/1 2 2 
taylori 2 3/2 2 1 1 1/2 2 3/2 2/1 2 

localised 
paramonovi 2 3/2 3/2 1/2 1/2 1 1/2 2/3 3 2 

rare 
brevicollum (?)I 2 3/2 3/2 1 2/3/1 1 2 3 2/1 2 

1 (?), species reported from region but identification requires confiat ion.  

Polytomous key of X. americanum group species occurring in Latin America. 

X~hinema A B C D E F G H 1 J 
widespread 

rivesi 1 2 1/2 2/3 1/2 1 1 2/3 3/2 2 
califomicum 2 2/3 2 3/2 1/2 1/2 2/1 3/2 2 1 
revicollum 2 3/2 3/2 1 2/3/1 1 2 3 2/1 2 

localised 
inaequale 1 2/1 2/1 2/1 1/2 1 2/1 3/2 2 1 
diffusum 2 2 2/1 1 1 1 2 2/1 1/2 2 
peruvianum 2 2 2/1 2 1/2 1 1/2 2/3 2 1 

rare 
pachtaicum (?)I 2 2 1/2 3/2 3/2 2/1 2/1 2/3 2/1 1 
froridae (?) 2 2 2 2 1 1 1/2 2/3 2/3 1 
parvum 2 2/1 2 2/1 2/1 1 2/1 2/3 1 1 
georgianum (?) 2 2/3 3 2 2/1 1 2/1 3 2/3 1 
utahense (?) 2 3/2 2 2/3 2/1 2/1 2/1 3/2 3/2 2 

1 (?), species reported from region but identification requires confiation. 

Polytomous key of X. americanum group species occurring in North America. 

Xiphinema A B C D E F G H I J 
widespread 

rivesi 1 2 1/2 2/3 1/2 1 1 2/3 3/2 2 
americanum sensu strict0 2 2/1 1/2 3 1 1/2 1 2/1 3/2 1 
califamicum 2 2/3 2 3/2 1/2 1/2 2/1 3/2 2 1 
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tenuicutis 
citricolum 
intermedium 
thomei 
ricolensis 
eorgianum 
occiduum 

luci (?)I 
neoamericanum sp. inq. (?) 
laevistriatum 
taqanense 
pachtaicum (?) 
jloridae 
drmsum 
pacificum 
sheri (?) , 

brevicollum (?) 
utahense 

C D E F G H I J 
localised 

1 2/3 1 1 2/1 1/2 2 1 
2/1 3/2 2/1 1 1 2/1 3 1 
1 2/3 1/2 1 1 2/1 2/3 1 
1 2 1 1/2 2/1 2/1 2 2 
2/1 2/3 2/3 1/2 1/2 2/1 3 1 
3 2 2/1 1 2/1 3 2/3 1 
I 2 1 1/2 2/1 2/1 2/3 2 

rare 
2 2/1 1 1 2/1 2/1 2/1 2 
1 1 1 1 1 ? ? 2 
1 2/3 1 1 1 1/2 3/2 1 
1/2 3/2 2/3 1 1 2/1 3/2 1 
1/2 3/2 3/2 2/1 2/1 2/3 2/1 1 
2 2 1 1 1/2 2/3 2/3 1 
2/1 1 1 1 2 2/1 1/2 2 
1/2 3/2 2/1 2/1 1/2 2/3 3 2 
2/3 1 2/3 1 2/1 3 1 2 
3/2 1 2/3/1 1 2 3 2/1 2 
2 2/3 2/1 2/1 2/1 3/2 3/2 2 

1 (?), species reported from region but identification requires confirmation. 

Polytomous key of X. americanwn group species occurring in Oceania. 

Xiphinema A B C D E F G H I J 
localised 

pseudoguimni 2 2/3 3 1 2/3 1 2 3 1 2 
rare 

silvaticum 1 2/3 3 1 2/3 1 2 ? 3/2 2 
bacaniboia 1 3 4 1 2/3 1 2 3 2/1 2 

Polytomous key of X. americanum group species occurring world-wide. 

Xi~hinema A B C D E F G H I J 
bacaniboia 1 3 4 1 2/3 1 2 3 2/1 2 
h imalayense 1 3 3 1 1/2 1 2 3 2 2 
inaequale 1 2/1 2/1 2/1 1/2 1 2/1 3/2 2 1 
laevistriatum 1 2/3 1 2/3 1 1 1 1/2 3/2 1 
luci 1 2 2 2/1 1 1 2/1 2/1 2/1 2 
minor 1 1/2 1 3/2 1 1 1 1/2 2 1 
neoarnericanum sp. inq. 1 2/1 1 1 1 1 1 ? ? 2 
rivesi 1 2 1/2 2/3 1/2 1 1 2/3 3/2 2 
silvaticum 1 2/3 3 1 2/3 1 2 ? 3/2 2 
americanum sensu stricto 2 2/1 1/2 3 1 1/2 1 2/1 3/2 1 
brevicollum 2 3/2 3/2 1 2/3/1 1 2 3 2/1 2 
brevisicum 2 3/2 1 4 3/2 3 1/2 1/2 3 1 
bricolensis 2 2/3 2/1 2/3 2/3 1/2 1/2 2/1 3 1 
califomicum 2 2/3 2 3/2 1/2 1/2 2/1 3/2 2 1 
citricolum 2 2 2/1 3/2 2/1 1 1 2/1 3 1 
d~msum 2 2 2/1 1 1 1 2 2/1 1/2 2 
duriense 2 2 1 4/3 3 2/3 1/2 2/1 2/3 1 
floridae 2 2 2 2 1 1 1/2 2/3 2/3 1 
fortuitum 2 3 3/2 3/4 2/1 3/2 2 3/2 3 1 
franci 2 1/2 2 2/3 2/1 1 1 3/2 2 1 
georgianum 2 2/3 3 2 2/1 1 2/1 3 2/3 1 
incertum 2 2/3 2 2/3 3/2 1/2 2/1 2/3 1/2 2 
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Xiohinma A B C D E F G H I J 
incognitum 2 2/3 2/1 1/2 1 1 2/1 2/3 2 2 
intermedium 2 2/1 1 2/3 1/2 1 1 2/1 2/3 1 
kosaigudense 2 1 1 ? 1 1 1 2/3 ? 1 
lambertii 2 1 1 3/4 2/1 1 1 1 ? 1 
longistilum 2 3 3 2/3 3/2 2/3 2 3 3 1 
madeirense 2 3 3/2 3/4 2/3 2/3 1/2 3/2 3 1 
mesostilum 2 3 2/3 2/3 3/2 3 2 3/2 1/2 1 
microstilum 2 3 1 3 3/2 3/2 2 2/1 3 1 
neoelongatum 2 1/2 1 3/2 2/3 1 1 2/1 ? 1 
occiduum 2 3 1 2 1 1/2 2/1 2/1 2/3 2 
opisthohysterum 2 2 1 3/4 3 1/2 1/2 1 3 1 
oxycaudatum 2 2/1 1/2 3/2 1/2 1 1/2 2/3 3 1 
pachtaicum 2 2 1/2 3/2 3/2 2/1 2/1 2/3 2/1 1 
pachydermum 2 3/2 1/2 2/3 3 2/1 2 2/l 2/3 1 
pacijicum 2 2/3 1/2 3/2 2/1 2/1 1/2 2/3 3 2 
pakistanense 2 1/2 1 2/1 1/2 1 1/2 1/2 2/1 1 
paramonovi 2 3/2 3/2 1/2 1/2 1 1/2 2/3 3 2 
parvum 2 2/1 2 2/1 2/1 1 2/1 2/3 1 1 
peruvianum 2 2 2/1 2 1/2 1 1/2 2/3 2 1 
pseudoguirani 2 2/3 3 1 2/3 1 2 3 1 2 
santos 2 2 1/2 3 1/2 1/2 1/2 2 3/2 2 
sharmai sp. inq. 2 3 2/3 ? 3/2 ? 2 ? 3 2 
shen 2 2 2/3 1 2/3 1 2/1 3 1 2 
simile 2 2/3 1 3 2/1 2/3 2/1 1 2 2 
taqanense 2 1 1/2 3/2 2/3 1 1 2/1 3/2 1 
taylori 2 3/2 2 1 1 1/2 2 3/2 2/1 2 
tenuicutis 2 2 1 2/3 1 1 2/1 1/2 2 1 
thomei 2 2/3 1 2 1 1/2 2/1 2/1 2 2 
utahense 2 3/2 2 2/3 2/1 2/1 2/1 3/2 3/2 2 

and thus resolve the current taxonomic problems 
associated with this group of economically irnpor- 
tant nematodes. 
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