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History of Entomopathogenic Nematology
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Abstract: The history of entomopathogenic nematology is briefly reviewed. Topic selections include early descriptions of members
of Steinernema and Heterorhabditis, how only morphology was originally used to distinguish between the species; descriptions of the
symbiotic bacteria and elucidating their role in the nematode- insect complex, including antibiotic properties, phase variants, and
impeding host defense responses. Other topics include early solutions regarding production, storage, field applications and the first
commercial sales of entomopathogenic nematodes in North America. Later studies centered on how the nematodes locate insect
hosts, their effects on non-target organisms and susceptibility of the infective juveniles to soil microbes. While the goals of early
workers was to increase the efficacy of entomopathogenic nematodes for pest control, the increasing use of Heterorhabditis and
Photorhabdus as genetic models in molecular biology is noted.
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Entomopathogenic nematodes of the families Stei-
nernematidae and Heterorhabditidae are symbiotically
associated with bacteria in the genera Xenorhabdus and
Photorhabdus, respectively. When an infective juvenile
enters the body cavity of a susceptible host, the bacteria
are released, multiply and host death occurs within two
days, hence the term, entomopathogenic. The nema-
todes develop and reproduce within the insect cadaver,
feeding on the symbiotic bacteria and degraded host
tissues.

The first entomopathogenic nematode was described
by Steiner as Aplectana kraussei (now Steinernema kraus-
sei) in 1923 and at that time was considered no more
than a curiosity whose systematic position was prob-
lematic. The systematic position of the second en-
tomopathogenic nematode, Neoaplectana glaseri Steiner
(1929) from material isolated by Glaser and Fox (1930),
was still not certain and Steiner placed it in the family
Oxyuridae. The early history of this nematode will be
discussed later but after its use against the Japanese
beetle, it ceased to be of interest and all cultures were
lost.

It was not until Jaroslav Weiser (1955) (Fig. 1) de-
scribed a European population of Neoaplectana carpo-
capsae from codling moth larvae and Dutky and Hough
(1955) isolated the DD-136 strain of an undescribed
steinernematid from codling moth larvae in Eastern
North America that serious studies on the pathogenic-
ity and life history of entomopathogenic nematodes
began. In 1965, cultures of S. carpocapsae were obtained
from Weiser and using morphology and hybridization
studies, it was shown that the Czechoslovakian strain of
S. carpocapsae and the North American DD-136 nema-
tode were conspecific (Poinar, 1967).

The symbiotic bacterium (under the name, Achromo-
bacter nematophilus) associated with S. carpocapsae was de-
scribed by Poinar and Thomas (1965). The location of
the bacteria in the infective stage juveniles using light

microscopy and later electron microscopy was then dem-
onstrated (Poinar,1966; Poinar and Leutenegger,1968).
The role of the bacterium in the development of the
nematode and death of the host was elucidated (Poinar
and Thomas, 1966, 1967) and the bacterium was later
transferred to a new genus, Xenorhabdus (Thomas and
Poinar, 1979) (Fig. 2).

At first, morphology of the male tail or features of the
infective stage juveniles alone could be used to differ-
entiate between the various species of Steinernema
(Poinar, 1986; Wright, 1990). Also, using the biological
species concept, which is well suited for Steinernema,
cross-breeding could be performed to determine spe-
cific or intra-specific status of the numerous geo-
graphical strains that were discovered (Poinar and
Veremtschuk, 1970; Poinar, 1986, 1990). As more iso-
lates were unearthed, (there are now some 36 species of
Steinernema (Stock and Hunt, 2005), measurements
between them overlapped and genomic analysis also
was used to determine their specific status (Liu et al.,
2000; Ciche, 2007).

The genus Heterorhabditis was described in 1976 and
the symbiotic bacterium of H. bacteriophora was charac-
terized as Xenorhabditis luminescence in 1979 (Poinar, 1976;
Thomas and Poinar, 1979). The fascinating character of
the symbiotic bacteria of Heterorhabditis spp. was its
ability to fluoresce, so much so that the entire infected
insect cadaver glowed in the dark (Fig.3) and light even
could be detected in a single infective stage (Poinar
et al., 1980a). This bacterial species was later trans-
ferred to the genus Photorhabdus (Boemare et al., 1993).
The location of the bacterial cells in the infective stage
was shown with electron microscopy (Poinar et al.,
1977) (Fig. 4) and aspects of its behavior were eluci-
dated by Milstead (1977). As with Steinernema, there are
many geographic species and strains of Heterorhabditis
(Poinar, 1990; Stock and Hunt, 2005) and the global
distribution of both Heterorhabditis and Steinernema in-
dicates that their lineages were present when all land
masses were combined as the Pangaea supercontinent. It
is interesting to note that a genetic analysis showed that
Heterorhabditis is a sister group to the vertebrate-parasitic
strongylids and that both groups arose independently
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from the free-living Rhabditis group (Kiontke et al.,
2007). The obligate association of Heterorhabditis with
a unique genus of luminescent symbiotic bacteria, its
ability to enter the body of healthy insects, the alternating

of sexual and hermaphroditic generations and the
unique morphology of the parasitic adults explains why
this genus was assigned family status. One unique fea-
ture of the infective juveniles of Heterorhabditis that is
lacking in Steinernema and other rhabditids is the pres-
ence of a dorsal ‘‘hook’’ on the tip of the head. This
structure allows the infectives to enter the body cavity
through the outer tegument of potential hosts, as well
as through the trachea and gut wall (Bedding and
Molyneux, 1982; Poinar and Georgis, 1990). The an-
cient age of the Heterorhabditis clade was recently shown
when a 100 million year old fossil (Proheterorhabditis
burmanicus) was discovered in Early Cretaceous Bur-
mese amber (Poinar, 2011).

It is now evident that all Steinernema species have
mutualistic associations with species of Xenorhabdus
while all Heterorhabditis species have symbiotic associa-
tions with Photorhabdus species (Akhurst and Boemare,
1990; Boemare, 2002). The elucidation of the symbiosis
between entomopathogenic nematodes and their as-
sociated bacteria was a major turning point in the de-
velopment of the nematodes as commercial biological
control agents.

FIG. 3. One character that distinguished Heterorhabditis from other
rhabditids was its ability to transmit a luminescent bacterium. Here
are cadavers of the wax moth glowing in the dark after being infected
with Heterorhabditis bacteriophora 48 hours earlier. Photo by G. Thomas.

FIG. 1. Jaroslav Weiser described Steinerma carpocapsae in 1955. At
the International Colloquium of Insect Pathology and Microbial
Control in Wageningen, the Netherlands in 1966. Photo by G. Poinar.

FIG. 2. Gerard Thomas (left) and George Poinar at UC Berkeley
described the symbiotic bacterium associated with Steinernema carpo-
capsae in 1965 and Heterorhabditis bacteriophora in 1979. They also re-
vealed the significance of the bacteria in the development of the
nematodes. Photo by Roberta Poinar.

FIG. 4. Electron micrograph of Photorhabdus luminescens in the
anterior portion of the intestine of the infective stage of Heterorhabditis
bacteriophora. Photo by Roberta Poinar.
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Dutky (1959) first noticed the antibiotic properties
of the bacterium associated with S. carpocapsae, which
explained how it could destroy foreign bacteria that
invaded the insect cadaver containing the developing
nematodes. Since then several antibiotics, including
xenorhabdins, xenocaumacins, hydroxystilbenes, indole
derivatives, and anthraquinone derivatives, were recov-
ered from cultures of Xenorhabdus and Photorhabdus
(Webster et al., 2002).

Akhurst (1980) discovered that in culture, Xenorhabdus
existed in two (or more) genetically identical phase
variants that differed in colony morphology, colony color
and antimicrobial activity. The primary phase, which is
carried by naturally occurring infective stages, provided
maximum nematode growth and antibiotic production.
But the primary phase would suddenly revert to a sec-
ondary phase, which was much less supportive of nema-
tode growth and had limited antibody production. This
shift was a major hindrance in the commercial pro-
duction of the nematodes. The cause of this sudden
phase shift was unknown until a bacteriophage of Het-
erorhabditis was discovered that only attacked the pri-
mary phase. Shifting to the secondary phase would then
be a survival response of the Xenorhabdus primaries
(Poinar et al., 1980b; Poinar et al., 1989).

Insects have a barrage of defense reactions to in-
vading parasites and the most significant against nem-
atodes is melanization and encapsulation. Normally,
the bacteria will kill the host before a lethal response
can be effected. However, in some experimental hosts
such as mosquitoes, a rapid melanization reaction will
kill the infectives before they can release their symbiotic
bacteria (Bronskill,1962; Welch and Bronskill, 1962).
Also, if the infectives of S. carpocapsae lack cells of their
symbiotic bacterium, the developing stages can be en-
capsulated and killed, even in larvae of Galleria mello-
nella, which is the most common host used for raising
entomopathogenic nematodes (Poinar, 1969).

There were also natural enemies of the infective
stages to consider, especially protozoa and fungi. When
caterpillars already infected with microsporidians were
later invaded by S. carpocapsae, the protozoan infections
were transferred to the nematodes (Veremchuk and
Issi, 1970). Naturally occurring populations of en-
tomopathogenic nematodes can also be infected with
microsporidians (Poinar, 1988). Infective stages of
entomopathogenic nematodes are also susceptible to
infection by several common soil fungi (Poinar and
Jansson, 1986a, 1986b) showing that before applying
the nematodes to soils rich in humus, it is prudent to
make a survey of nematophagous fungi that might be
present.

While the first entomopathogenic nematode, S.
kraussei Steiner, was described in 1923, the biocontrol
potential of these nematodes was first investigated by
Glaser and his colleagues who investigated S. glaseri to
control populations of the Japanese beetle that had

recently invaded New Jersey. Growth of the nematodes
was tested on different types of artificial media for mass
production (Fig. 5). While S. glaseri is associated with
a symbiotic bacterium, Glaser and his group were un-
aware of its presence and this bacterium became lost
during the sterilization processes when the nematodes
were transferred to artificial media. It was fortunate for
the New Jersey team that S. glaseri is one of the most
catholic nematodes in the genus regarding the ability to
develop on other bacteria as well as yeast in the absence
of its symbiont. While production is much lower than
with the natural-occurring symbiotic bacterium, the
nematodes can still kill invade, destroy and reproduce
inside insects (Poinar, 1969). Mass-production on arti-
ficial media was achieved and large-scale field releases
of S. glaseri were conducted with the nematodes dis-
persed from a motor driven tank (Glaser, 1932; Glaser
and Farrell, 1935). Details of the field trails are sum-
marized in Poinar (1979). The symbiotic bacterium was
later discovered in a population of S. glaseri from North
Carolina (Poinar and Brooks, 1977; Poinar, 1978).

Living insects were used to produce the first ento-
mopathogenic nematodes for field testing. Nutrilite
Corporation in Lakeview, CA used larvae of the wax
moth, Galleria mellonella to produce Biotrol NCS-DD-136
in 1970 for experimental use. In 1981, ‘‘The Nematode
Farm’’ in Berkeley produced several entomopathogenic
nematodes (S. carpocapsae, S. glaseri and H. bacteriophora)
in Galleria mellonella for commercial use against garden
pests. Also in 1981, BR Supply in Exeter, CA raised S.
carpocapsae on crickets and packaged a product called
Neocide for use against the carpenter worm. In 1982,
Biosys, in Palo Alto, CA, (previously established as ‘‘The
California Nematode Laboratories’’ in Emeryville, CA,
and for a brief period ‘‘Biosis’’ in Palo Alto, CA), was the
first to use a fermentation process to mass produce
Steinernema spp. and their commercial products, Bio-
Safe, BioVector, etc., were aimed at lawn and garden
insects. In 1983, Biotechnology Australia produced

FIG. 5. Rudolf Glaser (right) and co-worker examine culture plates
with S. glaseri in their New Jersey laboratory in the early 1930s.
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nematodes on particles of sponge impregnated with an
artificial diet, based on a method developed earlier by
Bedding (1981). This technique used polyether poly-
urethane sponge as a three-dimensional support that
allowed the nematodes to move through the matrix and
provide air exchange. Their product, Otinem, was
aimed at black vine weevils in Australia and Europe.
Commercial production of entomopathogenic nema-
todes in liquid culture was later perfected by a team of
researchers led by Friedman (1990) at Biosys Inc. A
number of additional smaller companies, some as cot-
tage industries, appeared in the mid- 80s.

One of the serious problems in the commercializa-
tion of entomopathogenic nematodes, aside from mass
production, was storage under conditions that main-
tained high viability together with high infectivity. Re-
frigeration was a suitable method but not practical for
retailers and growers who wanted to sell or apply the
nematodes over a period of several weeks or even days.
Studies were then initiated on the possibility of desic-
cating the nematodes so they could be stored at room
temperatures. Simons and Poinar (1973) discovered
that if the infective stages of S. carpocapsae were desic-
cated slowly, they entered a partial anhydrobiosis and
could be quickly revised with water and still retain their
infectivity. Based on these findings, Bedding (1988)
later developed a ‘‘clay sandwich’’ formulation in which
nematodes were placed in layers of clay to remove sur-
face water and induce partial anhydrobiosis. Anhy-
drobiosis was further used to enhance the ambient
storage stability of entomopathogenic nematodes
(Grewal, 2000). Scientists at Biosys (see Georgis, 1990)
developed an alginate formulation in which sheets of
calcium alginate spread over plastic screens were used
to entrap and maintain nematodes. Bedding and Butler
(1994) reported a formulation in which the nematode
slurry was mixed with a powder of anhydrous poly-
acrylamide to achieve a water activity between 0.800 and
0.995. Capinera and Hibbard (1987) developed a gran-
ular formulation in which nematodes were partially
encapsulated in lucerne meal and wheat flour. Later
Connick et al. (1993) described an extruded granule in
which nematodes were distributed throughout a wheat
gluten matrix. This ‘‘pesta’’ formulation included a fil-
ter and humectant to enhance nematode survival.

A major leap in the development of nematode for-
mulations was reported by Silver et al. (1995) who de-
veloped a water dispersible granular formulation in
which the nematodes were encased in 10-20 mm di-
ameter granules consisting of a mixture of various types
of silica, clay, cellulose, lignin, and starches. With this
formulation, the shelf-life of commercially produced S.
carpocapsae was extended to 7 months at ambient tem-
peratures (Gaugler et al., 2000). Applications against ae-
rial pests also posed a problem since if the nematodes
desiccated too rapidly, their effectiveness was greatly re-
duced. Webster and Bronskill (1968) used an evaporation

retardant to prolong the life of the nematodes used
against foliar pests.

The infective stages of entomopathogenic nema-
todes can be easily applied using conventional pesticide
application equipment, however, applying the nema-
todes simultaneously with other agents saves labor
costs. Rao et al. (1975) showed that S. carpocapsae can be
tank mixed with certain insecticides and in their trials
against the corn rootworm, Poinar et al. (1983) applied
the infective stages of S. carpocapsae with liquid fertilizer.
These initial results were followed by a series of com-
prehensive studies on the effects of combining the in-
fective stages of Steinernema and Heterorhabditis with
pesticides (Rovesti and Deseo, 1989,1990, 1991). As
compatibility information is critical for implementation
of nematodes in integrated pest management systems,
a comprehensive review was published by Koppenhöfer
and Grewal (2005). Kaya and Nelson (1985) in-
vestigated the application of infective stages in alginate
gels for increased persistence and this practice was
commercialized in the application of nematodes to tree
trunks. Since application problems were often experi-
enced, Lello et al. (1996) and Fife et al. (2003, 2004,
2005) systematically evaluated the influence of droplet
size, pressure differentials, hydraulic nozzles, contrac-
tion flow fields and agitation, on nematode viability and
virulence. Masson et al. (1999) proposed the potential
utility of spinning disc technology for the application of
nematodes against foliar pests. Reed et al. (1986) were
the first to apply nematodes through tickle irrigation,
Wright et al. (1993) through center-pivot irrigation,
and Cabanilas and Raulston (1996) through furrow ir-
rigation systems. Subsurface application of nematodes
with an adapted seed-driller was reported by Shetlar
(1993). Bari (1992) developed a method of soaking
plant cuttings in nematode suspensions to control the
artichoke plume moth while Pye and Pye (1985) pro-
posed a root dip method to economize nematode ap-
plication rates. A slow release formulation using an
absorbent gel was used to apply nematodes in citrus
(Georgis, 1990) and a similar formulation (tea bag) was
used in oilseed rape (Menzler-Hokkanen and Hokkanen,
2004). Infected insect cadavers can also serve as slow
release systems for nematodes (Jansson and Lecrone,
1994) and Shapiro-Illan et al (2001) improved this
method by for application by formulating nematode
infected cadavers with powered starch to reduce their
stickiness.

Miller (1989) developed a pathogenicity assessment
technique to determine the virulence of commercially
produced S. carpocapsae. This method was later called the
one-on-one Galleria mellonella bioassay (Converse and
Miller, 1999). Grewal et al. (1999) developed the sand-
well method, which is suitable for routine quality as-
sessment of most entomopathogenic nematode species
at low concentrations. Many other methods serve as in-
dicators of infectiousness, pathogenicity or the general
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quality of the nematodes (see Grunder et al., 2005).
Gaugler et al. (2000) assessed the quality of commer-
cially produced nematodes, thus raising awareness
about the importance of effective quality control dur-
ing commercialization. Georgis et al., (2006) discussed
the success and failures of entomopathogenic nema-
todes used as biological control agents.

Attention then turned to the behavior of the infective
stages and how they were able to locate insect hosts.
Reed and Wallace (1965) described three types of
movement of the infective stages of S. carpocapsae;
gliding, bridging and leaping. The infectives used
a gliding motion to reach the soil surface. The bridging
motion involved the nematodes standing on their tails
and waving their anterior ends (nictating). Such be-
havior had already been noted in free-living rhabditids
that had phoretic relationships with insects. The
amazing leaping behavior consisted of the infectives
coiling their bodies around a water droplet (which
produced a tension force), suddenly releasing the
droplet by uncoiling and being propelled horizontally
across the substrate by the tension force. The actual
leap was too rapid to be followed with the naked eye. It
is obvious that various clues are used by the infective
stages to locate their hosts. Byers and Poinar (1982)
showed that S. carpocapsae infectives could locate hosts
by minute temperature gradients while Lewis et al.
(1992) showed S. carpocapsae and S. glaseri responded to
long-range volatile cues.

Differences in the vertical and horizontal dispersal of
Steinernema infectives were determined to be related to
host-finding behavior by Moyle and Kaya (1981). These
authors noted that while S. carpocapsae did not shift its
position significantly from the site of application, S.
glaseri moved horizontally long distances. Georgis and
Poinar (1983a, 1983b) showed how soil texture affected
the distribution and infectivity of S. carpocapsae and S.
glaseri, respectively and Poinar and Hom (1986) studied
the survival and horizontal movement of the infective
stages of S. carpocapsae. Vertical migration of Hetero-
rhabditis spp. in soil was investigated by Georgis and
Poinar (1983c).

A series of studies conducted in Gaugler’s laboratory
described two host finding behaviors of the infective
stages; ambushers and cruisers. Nematodes using the
ambush type of foraging are better adapted at locating
highly mobile hosts on the soil surface while nematode
species that use the cruiser type are more adapted for
sedentary hosts in the soil. Gaugler and Campbell
(1991) proposed that the ambushing type of host-
finding behavior may explain the limited movement of
some entomopathogenic nematode species in the soil.
Grewal et al. (1994a, 1994b) demonstrated that S. feltiae
and S. riobrave use an intermediate type of foraging
behavior between the ambushing and cruising ex-
hibited by S. carpocapsae and S. glaseri, respectively.
These studies showed researchers that it was possible to

match the host-finding behavior of nematodes with the
life history parameters of target pests.

Poinar (1979) summarized early reports on chal-
lenging non-insect invertebrates and vertebrates with S.
carpocapsae and Georgis et al. (1991) later demonstrated
the safety of entomopathogenic nematodes to soil in-
vertebrates. Aside from the negative report of S. carpo-
capsae killing adult honey bees (Hackett and Poinar,
1973), these nematodes have a minimal effect on non-
target invertebrates. However, apart from their use for
controlling a wide range of insects, the ability of en-
tomopathogenic nematodes to infect some non-insects
groups was a bonus. Samish and Glazer (1991) discov-
ered that entomopathogenic nematodes are capable of
killing engorged female cattle ticks. Ticks of the genera
Amblyomma, Argas, Boophilus, Dermacenteor, Hylomma, and
Rhipicephalus have now been found to be susceptible to
entomopathogenic nematodes (Glazer et al., 2005). Al-
though the infective nematodes can invade and kill ticks
and thus have potential for their control, there is no
evidence of nematode reproduction in these arachnids.

Some insect vectors of human diseases are also sus-
ceptible to entomopathogenic nematodes. The sus-
ceptibility of fleas was first demonstrated with the cat
flea, Ctenocephalides felis (Silverman et al., 1982). Biosys
developed a biocontrol product with S. carpocapsae for
the control of fleas in home lawns as a part of an
integrated control program (Manweiler, 1994). Suscep-
tibility of the body louse Pediculus humanus humanus to
entomopathogenic nematodes was first demonstrated by
Weiss et al. (1993). They reported that S. carpocapsae
and S. glaseri caused over 85% mortality of female lice
within 24 h. Doucet et al. (1998) showed that the
head louse P. humanus capitis also is susceptible to en-
tomopathogenic nematodes and H. bacteriophora was
most effective of those tested. Larvae of phlebotomine
flies, the vectors of leishmaniasis, are also susceptible
to infection by Steinernema and Heterorhabditis (Poinar
et al., 1993).

There are some reports of vertebrate infections by
entomopathogenic nematodes. The infectives of S.
carpocapsae were able to kill tadpoles of the Antillan
toad, Bufo marinus (Kermarrec and Mauléon, 1985) and
Heterorhabditis and Steinernema infectives caused mor-
tality of frog tadpoles (Poinar and Thomas, 1988).
While runoff could carry the infectives into standing
water where tadpoles occurred, the likelihood of
them making contact with amphibian larvae would be
minimal.

Although natural populations of entomopathogenic
nematodes are well-adapted to their native habitat and
hosts through natural selection, additional useful traits
could be established in their genome to make them
even more efficient against other hosts in different
environments. Poinar (1991) discussed some desirable
traits that could be introduced into nematodes through
recombinant DNA technology such as microinjection,
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gene transplantation, mutagenesis and selective
breeding. Already in 1980, Burman and Pye had de-
veloped a temperature- selective strain of S. carcopasae
whose infectives gravitate toward the temperature at
which they underwent development. Fodor et al (1989)
were able to obtain mutants of S. carpocapsae that were
resistant to anthelminthics. Gaugler et al. (1989) dem-
onstrated the use of selective breeding for enhanced
host-finding in S. carpocapsae. Hashmi et al. (1995) used
microinjection to produce a transgenic strain of H.
bacteriophora that incorporated a heat shock protein
gene from Caenorhabditis elegans and Sandhu et al.
(2006) reported expressed-sequenced tags (ESTs) of H.
bacteriophora. Although the benefits of genetic selection
were demonstrated, the only field application of a se-
lected strain was the Kapow strain of S. carpocapsae cre-
ated by Jim Lindegren. This strain was developed by
using the first juveniles to leave the host to infect sub-
sequent hosts. The infectives of the Kapow strain were
more active than the source strain and were used in
field trials against navel orangeworms in California al-
mond orchards (Agudelo-Silva et al., 1987). Genetic
manipulation of the symbiotic bacteria is also feasible
and studies have been undertaken to examine the ge-
nome of Photorhabdus luminescens (Duchaud et al., 2003).

This brief synopsis of the history of entomopatho-
genic nematodes necessitated a certain brevity, which
did not allow us to include the works of many others who
contributed to this field. For instance, the ‘‘International
Symposium on Entomopathogenic nematodes’’ in Bi-
ological Control that Harry Kaya and Randy Gaugler
organized at Asilomar, CA in 1989 (Fig. 6) provided
a chance for researchers around the world to discuss
common problems. It is easy to forget the many past
hurdles that had to be overcome in order to reach
where we are today. One crucial obstacle was obtaining
government registration of not just the nematodes, but
also their symbiotic bacteria. Educating the public by
making it clear that entomopathogenic nematodes
would not infect plants and humans was another early
issue. There are still many ways in which the productivity
and use of entomopathogenic nematodes can be im-
proved (Grewal et al., 2005), however an interesting
sidelight regarding Heterorhabditis and its associated
bacterium is their increasing use as genetic models in
molecular biology (Ciche, 2007; Duchaud et al., 2003)
(Fig. 7).
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Kermarrec, A., and Mauléon, H. 1985. Potential noxiousness of the
entomogenous nematode Neoaplectana carpocapsae Weiser to the An-
tillan toad Bufo marinus L. Mededelingen van de Faculteit Land-
bouwwetenschappen, Rijksuniversiteit (Gent) 50:831–838.

Kiontke, K., Barrière, A., Kolotuev, I., Podbilewicz, B., Sommer, R.,
Fitch, D. H. A., and Félix, M.-A. 2007. Trends, Stasis, and Drift in the
evolution of nematode vulva development. Current Biology 17:1925–
1937.
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