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Aspects of Biology and Development of Xiphinema 
americanum and Related Species 1 

J. M. HALBRENDT 2 AND D. J. F. BROWN 3 

Abstract: Identification of Xiphinema americanum-group nematodes is based on relatively subtle 
morphological and morphometr ic  differences, many of which overlap. The  significance and impor- 
tance of  these separations cannot  be assessed without a basic understanding of the biological differ- 
ences between species. Currently, information is accumulating on Xiphinema biology, development, 
and genetics that will help to confirm or refute the current  systematics of species in this group. 
Recently, it was demonstrated that  Xiphinema species pass through either three or four juvenile stages 
before becoming adults. This new and fundamental  information divides the genus and the X. 
americanum group into subgroups based on their developmental evolution and provides new insight 
into the taxonomy and systematic positions of the species. 
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Xiphinema americanum, the type species 
of  the genus, was originally described in 
1913 by Cobb (7). In 1968, Lima (24) sug- 
gested that X. americanum was actually a 
complex of  morphologically similar spe- 
cies, and he recognized seven partheno- 
genic species within the X. americanum 
group. Tarjan (31) examined 75 popula- 
tions f rom around the world and con- 
cluded that only four species were valid, 
whereas the others were morphological 
variants of  X. americanum. In 1974, Heyns 
(16) described species of  Xiphinema from 
South Africa and indicated that although 
the separation of  species was not satisfac- 
tory, several species proposed  by Lima 
were probably valid. Several additional 
species in the X. americanum group were 
described between 1969-79. In 1979, an 
examination of  several hundred popula- 
tions from worldwide collections by Lam- 
berti and Bleve-Zacheo (20) resulted in a 
major taxonomic revision. They  recog- 
nized 25 valid X. americanum-group species 
with 15 of  them new to science. Additional 
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species have been described since, and the 
most recent key to the X. americanum group 
recognizes 38 species (21). 

The X. americanum group is one of  nine 
recognized groups of  Xiphinema species 
(26). The  species group concept is an aid to 
rapid initial identification by grouping  
nematodes according to shared key char- 
acters. The  characters upon  which the 
groups were established include the struc- 
ture of  the female genital tract, uterine dif- 
ferentiations, tail shape, and the coeffi- 
cient c'. The species groups are useful for 
identification purposes but have no value 
as taxonomic units, nor are any phyloge- 
netic relationships implied in their assem- 
bly. Although species in the X. americanum 
group are easy to differentiate from spe- 
cies outside this group, the taxonomy of X. 
americanum-group nematodes  remains  
controversial. 

Separation of  X. americanum-group spe- 
cies is based on relatively subtle morpho- 
logical and morphometrical  differences, 
many of which overlap (20). Tarjan (31) 
recognized earlier that "the main problem 
with this group has been [the inability] to 
determine the existence of  a clear demar- 
cation between what the investigator feels 
are discrete species. Overlap of  diagnostic 
criteria across such a delimitation tends to 
obscure recognition of  the different spe- 
cies." Even after the taxonomic reappraisal 
of  the group in 1979, Heyns (17) com- 
mented, "In spite of  much careful work on 
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the morpho logy  and taxonomy of  Xi- 
phinema, it is becoming increasingly diffi- 
cult even for the specialist to attempt spe- 
cies identification in this group. Uncer- 
ta in ty  and  c o n f u s i o n  r e g a r d i n g  the  
identity of  many species are increasing 
rather  than diminishing, especially with 
the increase in the number  of uniparental 
species." In the same paper, he expressed 
his view that additional supporting evi- 
dence was needed to validate the separa- 
tion of  species. He went so far as to "con- 
tend that morphological characters are not 
only insufficient in differentiating [biolog- 
ical] species, but are in many instances also 
insufficient, contradictory as it may seem, 
for different ia t ing morphospecies,  and 
this may be particularly true in monosex- 
ually reproducing groups, of  which the X. 
americanum group is a good example." Al- 
though Heyns advocated the use of addi- 
tional criteria to verify species designa- 
tions, he did not specify which type of in- 
formation would be most useful. 

In a discussion of nematode taxonomy, 
Jairajpuri (19) distinguished between the 
concepts of "biological" species and "phe- 
netic" or morphospecies. While conceding 
that only biological species exist in nature, 
he noted that the morphospecies concept 
is "more  practical and will continue to 
dominate nematode taxonomy for a very 
long time to come." This is not to say that 
taxonomists should rely exclusively on 
morpho logy  to designate  species, but  
rarely is there enough information avail- 
able on the biology of specimens to be of 
much  use. In  principle agree ing  with 
Heyns, Jairajpuri stated that "information 
on all aspects [of nematode biology] would 
be of  immense value for supporting con- 
clusions drawn f rom morphology,  but  
these should not be a prerequisite for tax- 
onomic descriptions as it would amount to 
restricting taxonomic growth and free- 
dom." According to Loof (25), "the history 
of  taxonomy shows that the description of 
morphospecies precedes the development 
of  the biological, polytypical species con- 
cept." Thus, despite the controversial sta- 
tus of X. americanum-group taxonomy, it 

provides the framework for research on 
the biology of this group. Information on 
biological differences (or lack thereof) be- 
tween species will either support or refute 
the present nomenclature. The remainder  
of  this paper focuses on selected aspects of  
X. americanum-group taxonomy, biology, 
and development. 

MORPHOSPECIES AND DEVELOPMENT 

The difficulty of identifying X. america- 
num-group nematodes is a consequence of 
the lack of uniquely distinguishing charac- 
ters. Recently, however, Halbrendt  and 
Brown (14) confirmed a fundamental dif- 
ference in development between species, 
which is manifest as either three or four 
juvenile stages in the life cycle. The  num- 
ber of juvenile stages was determined un- 
equivocally from measurements  of  the 
functional and replacement odontostyles 
of a representative sample of the popula- 
tion. 

First-stage juvenile and adult nematodes 
are easily distinguished from all other de- 
velopmental stages; therefore, the upper 
and lower range of stylet measurements 
for the species can readily be determined. 
First-stage juveniles are distinguished by 
the unique position of the replacement  
odontostyle (i.e., the tip of the replacement 
odontostyle overlapping the base of  the 
odontophore), whereas adults are sexually 
mature and lack a replacement odonto- 
style, unlike the other stages (6). At each 
molt, the functional odontostyle is shed 
and replaced by the replacement odonto- 
style of the previous developmental stage. 
Because of this developmental phenome- 
non, measurements of  these structures can 
be used to define natural groupings, which 
identify all the intermediate stages of de- 
velopment (Fig. 1). 

The number of juvenile stages in the life 
cycle of a species has not yet been utilized 
as a taxonomic character. Although the ad- 
dition of  such a character would obviously 
make the present system more cumber- 
some, this character could be very useful, 
and we feel that it should be carefully con- 



Biology and Development of Xiphinema: Halbrendt, Brown 357 

=_ 

© 

8 

140" 

120- 

100" 

8 0 -  

60 

• Odontostyle Xinhinema americanum Adult 

o Odontophore • aL•~ a~--~a 
• Total Stylet J3 
o Replacement 

Odontostyle • ~ •  •4 

J2 

4O 

20 
5O0 

• $ 

o o  # OOo 

, . . . .  ) 

I000 1500 

Body Length (pro) 

160 
• • Odonr~style Xiohineme Dachmicum Aduit 

o Odontophore • • 
~ 140-  " Total Styler J4 ~' ~ 
.= ° Replacement 

~ 120 Odonmstyle J3 ~AAA ~ t ~ •  

lo0 I2 

o • ~ 60 

o @gAg o o ~o o 

~ o  o o 

20 . . . .  , . . . .  , . . . .  ~ , • 
500 1000 1500 2000 

Body Length (lain) 

FIG. 1. Scatter diagrams showing that measure- 
ments of  the odontostyle, replacement odontostyle, 
and body length effectively delimit the size range of 
each developmental stage of two species of the Xi- 
phinema americanum group. 

sidered. The  number  of  juvenile stages for 
a species is a discrete and unambiguous 
character that has the potential to easily 
and clearly separate the X. americanum 
group into two subgroups. This dichotomy 

may effectively resolve some taxonomic 
questions where  descript ions of  adul t  
nematodes alone are insufficient to distin- 
guish the species unequivocally. Another  
advantage of this character is that pre- 
served juvenile specimens would provide 
permanent  reference material, such as is 
highly regarded for the type specimens. 

Heretofore, juveniles have generally not 
been considered useful in taxonomic de- 
scriptions, and morphometric data of juve- 
niles is lacking for most species. Table 1 
lists X. americanum-group species whose 
number of juvenile stages has been deter- 
mined. We propose that this number  be 
included as a diagnostic character for dis- 
tinguishing species. 

LIFE CYCLE AND BIOLOGY 

Detailed research on nematode biology 
can best be accomplished under  controlled 
conditions in the laboratory and green- 
house. However, numerous  attempts to 
culture X. americanum-group nematodes 
have been fraught  with frustration. Al- 
though some cultural work has had limited 
success, X. americanum appears to be not as 
easily or reliably manipulated as many 
o ther  plant-parasi t ic  nematodes .  Why 
these nematodes respond poorly in culture 
is not known, but extreme sensitivity to 
moisture tension, temperature fluctuation, 
physical handling, oxygen deprivation, or 
other such factors have been suggested 
(13,27,33). The ability to successfully cul- 
ture X. americanum would undoubtedly  
add much to our knowledge on the biology 
of the group. 

TABLE 1. Xiphinema americanum-group species having a known number of juvenile stages, and their geo- 
graphic occurrence. 

Number of 
Species juvenile stages Location Literature reference 

X. americanum 3 United States, South Africa (14,15) 
X. brevicolle 4 United States (Robbins, unpubl.) 
X. bricolense 3 Canada (15) 
X. californicum 3 Peru, United States (1,14) 
X. incoffnitum 4 Japan (29) 
x. madeiren~e 4 Madeira (4) 
X. pachtaicum 4 Bulgaria, South Africa (14,15) 
X. rivesi 3 Canada, United States (1,14) 
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Some details of  X. americanum biology 
have been extrapolated from field data 
and greenhouse experiments. Jaffee et al. 
(18) recorded the relative abundance of  
various life stages present in field popula- 
tions over a 2-year period. From these data 
they concluded that the life strategies of X. 
americanum and X. rivesi were K-selected 
(i.e., they had a long life span and low re- 
productive rate) as opposed to r-selected 
(i.e., a short life span and high reproduc- 
tive rate). These conclusions agree with life 
cycle studies done on other Xiphinema pop- 
ulations. The reproductive rate and lon- 
gevity of  X. americanum-group nematodes 
are unknown but  probably are similar to X. 
diversicaudatum, which is estimated to pro- 
duce an egg every 21 degree days above a 
threshold temperature of  5 C. In southern 
England, this estimate yields 68 eggs per 
year, and the life span is estimated to be 3 
to 5 years (3,8). Under  greenhouse condi- 
tions, Halbrendt  and Brown showed that 
X. americanum can develop from egg to 
adult in 7 months (unpubl.). 

In an attempt to rear X. americanum pop- 
ulations from single females, Halbrendt  
recovered offspring from only 48 of  420 
females after one year (11.4% success). 
Forty-five of  these breeding lines con- 
tained less than 42 nematodes each, and 
the remaining three contained over 100 
(Halbrendt  and Brown, unpubl.).  With 
such a low reproductive rate and without 
knowing the optimal culture conditions, 
advances in our  understanding the biology 
of  X. americanum-group species will proba- 
bly not be rapid. 

MORPHOMETRIC VARIATION 

One of  the most perplexing issues that 
continues to obscure the significance of  
various characters for species designation 
is the unknown factor of  morphometric 
variation. How variable are the characters 
used for identification? Do factors such as 
temperature or host influence these char- 
acters? These are examples of  biological 
questions best answered by controlled lab- 
o ra tory  and g reenhouse  exper iments .  

However, as stated in the previous section, 
answers to such questions will not be ob- 
tained quickly. When such experiments 
are performed, they will probably involve 
only the most common species, as some 
species in the X. americanum group are rare 
and have been identified as only the type 
specimens from a single population. 

Because morphometric studies of  vari- 
ous nematode species have indicated that 
stylet length is consistently one of  the least 
variable taxonomic characters (2,9,10,32), 
styler length would seem useful for species 
designation. However, styler length data 
from field populations of  X. americanum 
have displayed a relatively broad range 
(11,12,22). Recent research (Halbrendt  
and Brown, unpubl.) showed that stylet 
measurements obtained from populations 
descending from single X. americanum fe- 
males fell into two distinct groups. Stylet 
lengths of one group were at the lower 
range of  measurements  assigned to X. 
americanum, whereas stylets of  the other 
group were at the upper  range.  Within 
each group, however, stylet measurements 
were the least variable morphometric char- 
acter. It appeared from these data that the 
reported styler variability in field popula- 
tions could be accounted for by the relative 
proport ion of  "long" and "short" stylet 
nematodes in the sample. 

BIOGEOGRAPHY 

The symposium paper by Robbins (28) 
reviews the distribution of  X. americanum- 
group species in North America, and a 
recent paper by Brown and Taylor (5) con- 
tains information on their geographic oc- 
currence in Europe and the Mediterra- 
nean region. Knowledge of  Xiphinema bio- 
geography is essential to determine the 
natural range of nematode and nematode- 
transmitted virus diseases and to establish 
phytosanitary regulations to prevent the 
introduction and spread of  these patho- 
gens. Biogeography can also provide in- 
sights into the evolutionary history of  the 
group and the origins of  virus-vector as- 
sociations. For these reasons, accurate 
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identification of  species and an under-  
standing of their biological differences are 
essential. 

Many Xiphinema species reportedly have 
only a limited geographic range, but a few 
have been identified from widely sepa- 
rated locations. For example, X. america- 
num and X. pachtaicum have been reported 
from North America, Europe, South Af- 
rica, and Asia (23,30). Such a vast distribu- 
tion of a soil-borne organism with limited 
means of  dispersal needs to be carefully 
considered and verified, especially if one 
wishes to attach evolutionary significance 
to the data. Agricultural practices have 
transported many nematodes outside of  
their natural range; therefore, some re- 
ports of  Xiphinema distribution may not ac- 
curately indicate the natural geographic 
range of  the nematodes. 

CONCLUSION 

A taxonomic revision that establishes a 
number  of new species is most useful when 
it facilitates understanding the biological 
functions and relationships of  the organ- 
isms, and if the criteria for species separa- 
tion are readily distinguishable. The tax- 
onomy of the X. americanum group has 
challenged nematologists during the 25 
years since Lima (24) first reported the oc- 
currence of several distinct morphotypes, 
and especially for the last 13 years. The 
group consists of  many morphologically 
similar species, but the lack of  uniquely 
distinguishing characters makes identifica- 
tion difficult. The significance and useful- 
ness of these separations cannot be fully 
appreciated until fundamental  biological 
information about these nematodes is ob- 
tained, such as their ability to transmit vi- 
ruses, their host preferences, and morpho- 
logical variation within populations under  
different host and environmental condi- 
tions. 
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