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Abstract — Predominant microorganisms in the intestine of Bulgarian nematode 
populations are species other than the genus Xenorhabdus described in published 
references as a compulsory symbiont. The genus Xenorhabdus is poorly adapted for 
growth and development in populations of S. kraussei and S. carpocapsae. Bulgarian 
EPN populations have a bacterial complex differing from that in populations of nem-
atodes from other regions of Europe and the world. The strains of a species isolated 
from insects tend to differ in terms of their phenotypic characteristics from those of 
the same species found in other habitats. The bacteria isolated from Bulgarian EPN 
species are strictly typical of them and of the geographic latitudes and conditions 
of Bulgaria. Evolutionarily, the relations between the nematodes and their newly 
discovered symbionts are young and still not permanently established. For this 
reason, they have not been well studied.
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The entomopathogenic nematodes (EPNs) of the families Steinernematidae and 
Heterorhabditidae (Rhabditida; Nematoda) occur as a result of convergent evolution 
from unrelated predecessors (Poinar, 1993). Nematodes of the genus Steinernema 
(Travassos, 1927) are mutualistically associated with bacteria of the genus 
Xenorhabdus (Thomas and Poinar, 1979) and nematodes of the genus Heterorhabditis 
(Poinar, 1975) with bacteria of the genus Photorhabdus (Boemare et al., 1993). 

Many investigators have studied the biology of these nematodes, their mor-
phology (Poinar, 1992; Stock et al., 2000), genetics (Gaugler et al., 1989; Park et al., 
2007), physiology (Fitters et al., 1999), infectiveness (Griffin and Downes, 1991; 
Emelianoff et al., 2007), systematics and climatic adaptation (Solomon, et al., 1999), 
and ecology and application in biological control (Gaugler and Kaya 1990; Burnell 
and Stock, 2000).

Specificity of the bacterial complex of EPNs has been investigated worldwide in 

UDC 595.77(497.11+492.2):591.9Advances in Arachnology and Developmental Biology.
Papers dedicated to Prof. Dr. Božidar Ćurčić.
S. E. Makarov & R. N. Dimitrijević (Eds.) 2008.
Inst. Zool., Belgrade; BAS, Sofia; Fac. Life Sci., Vienna;
SASA, Belgrade & UNESCO MAB Serbia.
Vienna — Belgrade — Sofia, Monographs, 12, 163-177.



164 S. E. Makarov & R. N. Dimitrijević (Eds.) 

connection with their application in biological control (Lewis et al., 2001; Ensign et 
al., 2002; Mohan et al., 2003. 

The EPN hosts most frequently described in the references are representatives 
of the orders Orthoptera (Nguyen and Smart, 1990), Coleoptera (Glaser, 1932 after 
Poinar, 1990), Lepidoptera (Poinar, 1990), Diptera (Poinar, 1992), and Hymenoptera 
(Mraček, 1977). It has been shown that species of the genera Steinernema and 
Heterorhabditis can enter and reproduce in other invertebrates like those of the 
classes Gastropoda, Crustaceae, Arachnida, Diplopoda, and Symphyla (Poinar and 
Raff, 1985). The tadpoles of amphibians are also hosts of the genera Steinernema 
and Heterorhabditis, but the parasites do not reach sexual maturity there (Poinar, 
1989).

The entomopathogenic nematodes of the family Steinernematidae are subject of 
the European Union-financed COST ACTION – 850 Program.

Information about EPNs on the Balkan Peninsula is scarce. Single reports of 
EPNs isolated in Yugoslavia, Greece, and Turkey are known (Özer et al., 1995), but 
with limited incidence and a low isolation rate. The first EPNs isolated and described 
in Turkey were S. feltiae (Özer et al., 1995) near the Black Sea Coast and the species 
H. bacteriophora and Heterorhabditis spp. of the genus Heterorhabditis (Susurluk 
et al., 2001). 

Studies of EPNs of the family Steinernematidae in Bulgaria started relative-
ly late compared to other European countries. So far, seven species of the genus 
Steinernema have been identified in Bulgaria. For most of the species, regularities 
between their presence in soils and characteristics of their natural habitats – sea 
level, soil type, plant cover, etc. (Gradinarov, 2004) have been observed.

With respect to the incidence of EPNs in Bulgaria, certain clarifications on the 
matter became available in the last 10-12 years. The presence of the species Stein-
ernema feltiae, S. kraussei, Steinernema sp., and Heterorhabditis bacteriophora in 
our country was first recorded in 1997 (Shishiniova et al., 1997). The nematodes 
were isolated from samples of the soil of natural ecosystems near Sofia and in other 
regions of the country. A year later, the same team isolated and described S. carpo-
capsae sp. (Shishiniova et al., 1998) as another soil inhabitant. In 1999 S. bicornutum 
sp. (Shishiniova et al., 1999) was also isolated from soils collected near the Struma 
River valley.

Bacteria of the genus Xenorhabdus are atypical representatives of the family 
Enterobacteriaceae (Akhurst, 1980; Boemare and Akhurst, 1988). They are gram-
positive, forming entomopathogenic symbioses with soil nematodes. 

The intestinal lumen of EPNs and body cavity of the insect hosts infected by 
them (Fig. 1) constitute the natural habitat of these bacteria.

A typical species is Xenorhabdus nematophilus comb. nov. (synonym: Achromo-
bacter nematophilus Thomas and Poinar, 1979).

Presently, over 30 species and subspecies have been assigned to the genus Xe-
norhabdus.
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Phenotypic studies performed by Akhurst (1986 b) and by Hotchkin and Kaya 
(1984) have confirmed this subdivision. The assumption that the genus Xenorhabdus 
is quite heterogeneous has been verified by different molecular methods (Grimont 
et al., 1984).

Bacteria of the genus Xenorhabdus produce metabolites with an antimicrobial 
effect (Webster et al., 1998), antibiotics with low molecular weight, and extracellular 
enzymes such as proteases, lipases, phospholipases, DNAases, etc. Their production 
is linked with destruction of insect tissues to provide the required food for nema-
todes and bacteria (Forst and Nealson, 1996).

The range of antibiotic activity varies, depending on the species and develop-
mental phase (Akhurst, 1982). 

Interrelations between nematodes and their bacterial symbionts are interesting 
to investigators, but are often hard to study in laboratory conditions (Waterfield et 
al., 2002). 

Nematodes of the family Steinernematidae have four larval stages. Only the 
third juvenile stage or so-called dauer stage occurs in soil; all others are present in 
insects. The term dauer was introduced in 1915 by Fuchs, who described morpho-
logically differing juveniles formed in response to diminishing food resources and 
poor environmental conditions. The dauer stage is infective and bears 200 to 2000 

Fig. 1. Bacterial symbionts of the species Xenorhabdus nematophilus  in vesicles of the EPN S. carpocapsae.
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Fig. 2. Life cycle of the Steinernema-Xenorhabdus nematode-bacterium association.
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symbiont cells in the front part of its intestine (Endo and Nickle, 1994). Larva 3 is 
free-living, well adjusted for longer survival in soil. It is covered by the cuticle of 
larva 2 (Campbell еt al., 1999). This protects it from drying or other kinds of envi-
ronmental stress. Infective juveniles do not eat while searching for a host in soil, but 
use their fat reserve instead. Their metabolism is minimized, which allows them to 
survive without food for weeks and even months. The nematodes lose the cuticle 
of larva 2 on entering the host insect. They enter it through its natural openings – 
mouth, anus, and tracheas - or directly through the cuticle (Peters and Ehlers, 1997). 
The nematodes find optimal reproduction conditions in its hemolymph (Forst and 
Clarke, 2001). It is a suitable environment for growth of bacterial symbionts as well. 
They are born in the nematode intestine, but their development takes place in the 
insect body cavity. By releasing the bacteria, the nematodes kill their host and start 
feeding on the bacterial cells (Fig. 2). They go through larva 4 for a short time and 
reach adulthood. Adults of the family Steinernematidae are always male and female, 
i.e., amphimictic reproduction is observed. Depending on size of the insect, two or 
three offspring of nematodes may grow in the dead host’s body (Poinar, 1990).

Studies of EPN bacterial complexes have for years been performed by applying 
classical taxonomic methods of identification.

Modern directions in evolutionary taxonomy of bacteria include analyses such as:
• Determination of the DNA or RNA homologousness level when comparing 

base sequences;
• Ascertainment of the percentage content of G+C in the DNA molecule and 

their ratio;
• Restriction analysis of chromosome or plasmid DNA with endonucleases and 

subsequent visualization of fragments through agarose gel electrophoresis;
• PCR-techniques of analysis of polymorphism in ribosomal operons;
• Denaturating gradient gel electrophoresis (DGGE) based on phoresis of PCR-

amplified genes using polyacrylamide gel containing linear gradient of DNA dena-
turants (Muyzer et al., 1993).

One of the most popular methods of molecular taxonomy used to type different 
bacteria, including symbionts of the genus Xenorhabdus, is genomic DNA restriction 
with endonucleases (RFLP – restriction fragment length polymorphism).

EPNs are highly effective biological agents and the results of using them for con-
trol purposes often exceed those obtained using chemical agents (Kaya and Gaugler, 
1993; Lewis et al., 2001). 

Presently, steinernematid and heterorabditid preparations are used in green-
houses and flower-growing in the United Stated, Japan, Canada, and some European 
countries (Ehlers, 1996; Jeffeke et al., 2000; Jessen et al., 2000; Strauch and Ehlers, 
2000). The mass production of EPNs as liquid cultures would lead to reduction in 
the price of nematode products (Johnink et al., 2002).
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MATERIAL AND METHODS

In these studies, we compare the bacterial complexes of Steinernema feltiae, 
Steinernema sp., S. carpocapsae, S. intermedium, and S. kraussei isolated from dif-
ferent habitats and regions in Bulgaria – Osogovo Mountain, Vitosha Mountain, 
Zemen Gorge - and at different times (May, June and September). 

Bacterial strains were isolated from third-stage nematode larvae of the family 
Steinernematidae. Strains provided to us by the National Industrial Microorganisms 
and Cell Cultures Depository (NIMCCD), the German Collection of Microorganisms 
(DSM), and the General and Industrial Microbiology Division of Sofia University’s 
Department of Biology were used as reference strains.

Nematode populations of Steinernema carpocapsae (Weiser, 1955), S. feltiae 
(Filipjev, 1934), S. intermedium (Poinar, 1985), S. kraussei (Steiner, 1923), Steinernema 
sp., Heterorhabditis bacteriophora (Poinar, 1976), and H. megidis (Poinar et al., 1987) 
were used to infect final-stage insect larvae of Galleria mellonella (Lepidoptera). 

The following methods were used for analysis:
1. Isolation of bacterial complexes;
2. Obtainment of pure cultures;
3. Determination of isolates through the methods of classical taxonomy;
4. Physiological biochemical tests to characterize symbiotic strains of the genus 

Xenorhabdus;
Molecular techniques were also used to confirm the taxonomic status of bacte-

rial symbionts of the genus Xenorhabdus.

RESULTS AND DISCUSSION

Steinernema feltiae (Filipjev, 1934), syn.: Neoaplectana bibionis (Bovien, 1937) and 
N. leucaniae (Hoy, 1954). For some time, the species has been considered a synonym 
of S. carpocapsae or Neoaplectana bibionis (Bovien, 1937). It occurs throughout the 
world.

Isolation was performed in three nutritional media – MPA, Endo, and Standart 
I agar - at 27°С for 48-72 hours. Forty-five pure cultures kept in Standart I agar 
selective for the genus Xenorhabdus were isolated. Twelve of them were subjected 
to taxonomic determination. Forty-one tests were performed to determine their 
taxonomic status.

The composition of bacteria isolated from larvae of G. mellonella infected with 
S. feltiae is presented in Table 1 and Fig. 3. 

Steinernema sp. is close to S. feltiae, but invasion larvae have a significantly 
shorter tail; a tail mucro is almost always absent in the first generation males and if 
present has an atypical form (Paramonov, 1962).

The 19 strains isolated were subjected to taxonomic identification in order to 
characterize the bacterial complex of Steinernema spp. 
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The taxonomic status of isolates was determined according to Burgey’s Manual 
of Determinative Bacteriology (9th Ed.). The results are presented in Table 2 and 
summarized in Fig. 4. 

Steinernema kraussei (Steiner, 1923), syn.: Aplectana kraussei (Steiner, 1923). 
The first description of Steinernema kraussei was made in Germany in 1923 by 
Steiner, who isolated it from the body cavity of C. abietis and gave a description of 
two separate species. One of the species resembled S. feltiae, the other S. carpocapsae. 

Table 1. Composition of bacterial complex isolated from S. feltiae-infected larvae of G. mellonella.

Genus Strains Isolate amount (%)
Citrobacter M 41, E 21, E 33, S 22, S 13, S 33 50%

Xenorhabdus SfX2, SfX5, SfX6 25%
Micrococcus E 45, E 52 17%

Flavobacterium E 31 8%

Fig. 3. Taxonomic designation of isolates obtained from S. feltiae-infected larvae of G. mellonella.

Table 2. Composition of bacterial complex isolated from Steinernema sp.-infected larvae of G. mellonella.

Fig. 4. Taxonomic designation of isolates obtained from Steinernema sp.-infected larvae of G. mellonella.

Bacterial genus Strains Isolate amount (%)
Hafnia Y`32, Y`31, M`51, M`52, L̀ 22, E`52, Е`51 37%

Xenorhabdus Y`21, Y`22, E`31, E 4̀2, S 4̀2 26%
Citrobacter M 4̀1, E 4̀1, S 4̀1 16%
Xanthomonas L̀ 32, L̀ 33 11%
Flavobacterium S`21 5%
Micrococcus L̀ 21 5%
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In 1927, Travassos assigned it to the genus Steinernema. For this reason, kraussei sp. 
is considered a species of doubtful origin. The name is considered a nomen dubium. 
To judge from Steiner’s description and the subsequent confirmation by Mraček et 
al. (1997), there are no essential differences between the species and other represen-
tatives of the genus Steinernema. According to Wouts et al. (1982), size of the male 
spicules (only 45-55 μm) differs from their size in S. feltiae, where it is 60-65 μm 
(Paramanov, 1962). The species has been isolated in the Czech Republic from the 
sawfly Cephalcia abietis (L.) (Hymenoptera).

Table 3. Composition of bacterial complex isolated from S. kraussei-infected larvae of G. mellonella.

Fig. 5. Taxonomic designation of isolates obtained from S. kraussei-infected larvae of G. mellonella.

Table 4. Taxonomic designation of isolates obtained from Steinernema sp.-infected larvae of G. mellonella.

Fig. 6. Taxonomic designation of isolates obtained from S. иntermedium-infected larvae of G. mellonella.

Genus Strains isolated Isolate amount (%)

Bacillus 
SkX 11, SkX 12, SkX 13, SkX 15, SkX 16, SkX 19, 
SkX 20, SkX 21, SkX 22, SkX 23, SkX 24, SkX 
26,SkX 27

46%

Sporosarcina SkX 29, SkX 30, SkX 31, SkX 32, SkX 33, SkX 34 22%
Micrococcus SkX 14, SkX 18, SkX 17, SkX 25, SkX 28 18%
Xenorhabdus SkX 1, SkX 2, SkX 3, SkX 4 14%

Genus Strains Isolate amount (%)

Sporosarcina I 3, I 4, I 6, I 7, I 10, I 11, I 13
I 14, I 15, I 16, I 17, I 21, I 25I 52%

Xenorhabdus 1, I 9, I 18, I 20, I 22, I 24, I 26 26%
Bacillus I 2, I 5, I 8,I 12, I 19, I 23, I 27 22%
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S. kraussei is a typical species of the genus.
Twenty-eight strains kept in Standart I agar for 48 hours at 27°С were isolated 

and characterized.
The taxonomic status of the strains tested was determined on the basis of the test 

results obtained. Their genus designation and percentage amount in the population 
of EPNs are shown in Table 3 and Fig.5.

Steinernema intermedium (Poinar, 1985), syn.: Neoaplectana intermedia (Poinar, 1985)
Males differ from other species of the genus in the absence of a terminal tail 

mucro and a highly bent spicule. The infective juveniles are longer (600-800 μm) 
than those of S. carpocapsae, S. rara, etc. (Paramonov, 1962). They occur most fre-
quently in South Carolina. Twenty-seven strains from S. intermedium populations-
infected final-stage insect larvae of G. mellonella were isolated and characterized.

Bacteria isolated from the S. intermedium complex belong to three genera (Table 
4 and Fig. 6).

Steinernema carpocapsae (Weiser, 1955), syn.: Neoaplectana carpocapsae 
(Weiser, 1955).

The species is common in Australia, North America, South America, Europe, 
and New Zealand. Males have a small mucro and gray-yellow spicules with sepa-
rate capitulum and rostrum. The infective juveniles are about 558-650 μm long 
(Paramonov, 1962). The species has been described from parasitized larvae of Cydia 
pomonella (L.) (Lepidoptera) (Weiser, 1955) in the Czech Republic. In the present 
studies, 17 strains were isolated from S. сarpocapsae-infected final-stage larvae of 
G. mellonella. 

The bacteria isolated from S. carpocapsae belong to three taxa (Table 5 and Fig. 7).
In addition to the symbiontic genus Xenorhabdus, there are also genera not 

Table 5. Composition of bacterial complex isolated from S. carpacapsae-infected larvae of G. mellonella.

Fig. 7. Taxonomic designation of isolates obtained from S. carpocapsae-infected larvae of G. mellonella.

Genus Strains Isolate amount (%)

Sporosarcina ScX 4, ScX 7, ScX 8, ScX 9, ScX 10, ScX 11, ScX 12, 
ScX 14, ScX 16, ScX 17 59%

Planococcus ScX 3, ScX 5, ScX 6, ScX 13, ScX15 29%
Xenorhabdus ScX 1, ScX 2 12%
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typical of EPNs. Steinernema carpocapsae is known to grow unimpeded in the pres-
ence of nonsymbiontic bacteria as well (Han and Ehlers, 2001). Analyses also show 
that the nematode species S. carpocapsae is in obligately symbiontic association 
with X. nematophilus (Martens and Goodrich-Blair, 2005). So far, S. scapterisci is 
the only species of this genus known to be so specifically associated with species of 
the genus Xenorhabdus (Sicard et al., 2005). The existence of these associations has 
been explained by the presence of genes responsible for mutualistic colonizing of 
the nematode intestine by the said bacteria (Heungens et al., 2002).  

Analysis of of the bacterial complex of Bulgarian EPN populations of the genus 
Steinernema clearly indicates that its composition is varied. The symbiontic genus 
Xenorhabdus has been recorded in all nematode species studied, although in amounts 
significantly smaller than those reported elsewhere. The presence of bacterial genera 
for which there is no evidence in published references was recorded. Some of these 
genera (Sporosarcina, Bacillus, Micrococcus) are present in significant amounts and 
can even be said to be predominant. Possible interrelations between separate com-
ponents of the bacterial complex also deserve serious attention. It is quite likely 
that some EPNs are capable of suppressing the growth of bacteria of the genus 
Xenorhabdus. In general, Bulgarian EPN populations of the family Steinernematidae 
bear a bacterial complex that differs from those of nematodes from other parts of 
the world (Babic et al., 2000; Burnell and Stock, 2000; Martens and Goodrich-Blair, 
2005). Nematodes of the same species inhabiting different geographical latitudes 
often differ in terms of the species composition of their bacteria (Boemare et al., 
1982; Sicard et al., 2003). Sicard et al. (2006) showed that symbiontic bacteria support 
their nematode partners not only by supplying them with food, but also by keeping 
them competitive in finding an insect host even if the competitors are species of the 
family Steinernematidae. 

Comparative analysis of the groups of microorganisms in the bacterial complex 
of the nematodes studied reveals the presence of a great variety of bacterial genera 
(Fig. 8) with different percentage ratios in five species (Table 6). 

Bacteria of different taxonomic designations were isolated, some of which have 
not been described so far as inhabitants of the microflora of EPNs. Bacteria of the 
genus Xenorhabdus - described in published references only as a typical symbiont of 
nematodes of the family Steinernematidae – were present in the bacterial complex 
of all nematode species studied. 

Bacteria of the genera Bacillus and Sporosarcina were highly present in the popu-
lations of S. kraussei and Steinernema intermedium, but were not found at all in 
others (S. feltiae and S. sp.).

There was a great variety of bacterial genera (six) in populations of Steinernema 
sp. Three or four genera were found in all other EPN species.

One bacterial genus was predominant in populations of each nematode species: 
the genus Citrobacter for S. feltiae (50%), the genus Hafnia for Steinernema sp. (37%), 
the genus Bacillus for S. kraussei (46%), the genus Sporosarcina for S. intermedium 
(52%), and the genus Sporosarcina (59%) for S. carpocapsae. It is curious that the 
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obligately symbiontic genus Xenorhabdus is not predominant in any of the nema-
tode species studied. The obtained results are interesting because according to the 
evidence in published references, nonsymbiontic species of different taxonomic 
designation may also be present in the bacterial complexes of EPNs.

The finding of different genera of bacteria is typical of the Bulgarian EPN popu-
lations studied. The presence of other genera may explain why a symbiontic genus 
was found in smaller quantities than indicated in published references. It is pos-
sible that some of the genera found produce metabolites capable of suppressing 
another genus. Positive types of interrelations between a symbiont genus and other 

Fig. 8. Comparative characteristics of bacterial complexes in five Bulgarian nematode species of 
the genus Steinernema.

Table 6. Quantitative characteristics of bacterial complexes in five EPN species of the family Steinernematidae. 
(-) – absence of the genus in the complex of the nematode species studied; (bold) – predominant bacterial 
genus in the complex).

Bacterial species Steinernema sp. S. feltiae S. kraussei S. intermedium S. carpoсapsae 
Xenorhabdus 26% 25% 14% 26% 12%
Bacillus - - 46% 22% -
Sporosarcina - - 22% 52% 59%
Micrococcus 5% 17% 18% - -
Planococcus - - - - 29%
Flavobacterium 5% 8% - - -
Hafnia 37% - - - -
Xanthomonas 11% - - - -
Citrobacter 16% 50% - - -
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components of the complex are also possible. A definitive answer may be given 
after further studies are carried out In the meantime, no free-living bacteria of the 
genus Xenorhabdus have been isolated. Symbiosis is central to the survival of these 
bacteria (Sicard et al., 2006). Therefore, clarification of the types of interrelations of 
the bacteria of the genus Xenorhabdus and the other components between bacterial 
complex is very important. At this stage, we assume the following:

- Predominant microorganisms in the intestine of Bulgarian nematode popula-
tions are species other than the genus Xenorhabdus described in published refer-
ences as a compulsory symbiont;

- The genus Xenorhabdus is poorly adapted for growth and development in 
populations of S. kraussei and S. carpocapsae;

- Bulgarian EPN populations have a bacterial complex differing from that in 
populations of nematodes from other regions of Europe and the world.

- The strains of a species isolated from insects tend to differ in terms of their 
phenotypic characteristics from those of the same species found in other habitats; 

- The bacteria isolated from Bulgarian EPN species are strictly typical of them 
and of the geographic latitudes and conditions of Bulgaria; 

- Evolutionarily, the relations between the nematodes and their newly discovered 
symbionts are young and still not permanently established. For this reason, they 
have not been well studied.

As shown by Farmer et al. (1989), the identification of bacteria of the genus 
Xenorhabdus is often a difficult task because they are relatively biochemically inac-
tive compared, for instance, to other representatives of the family they belong 
to. In many of the tests performed to differentiate representatives of the family 
Enterobacteriacea, species of the genus Xenorhabdus have responded negatively. 
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