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3.1  IntroductIon

Several annelid species are easy to breed and maintain in culture and are often used for 
various kinds of biological experiments. Further, many annelids are benthic and deposit 
feeders, and are therefore suitable for studies of uptake and bioaccumulation of pollutants 
in sediments. Members of Clitellata (oligochaetes including leeches; Martin 2001; Siddall 
et al. 2001) are particularly popular, probably because so many of them dwell in freshwater 
or soils, making the laboratory independent of infrastructure and protocols for seawater, 
which are needed for polychaetes. Thus, scientific literature contains a multitude of articles 
concerning basic and applied studies that have used clitellates as model or test organisms 
(Table 3.1).

As in all scientific work, the use of model organisms presupposes repeatability as well 
as predictability and generalization. For instance, if a specimen or population of Lumbricu-
lus variegatus reacts to a pollutant in a certain way, another specimen (or population) of 
the same species will be expected to react in a similar way and, with regard to predict-
ability and generalization, so will other lumbriculids, other clitellates or even other anne-
lids, etc. By the same token, a single worm model can be used to evaluate differences in 
the effects of different pollutants. Other examples can be given from studies on physiol-
ogy, developmental biology, genetic regulation, immunology, reproduction, behavior, etc. 
(see other chapters in this book). However, a prerequisite for this logic is that the taxo-
nomic identity and phylogenetic context of the model organism are securely established 
and consistent across all research institutions in the world, and especially so when net-
works of scientists share standardized experimental designs.

Recent advancements in molecular systematics have provided new tools for the 
improvement of species delimitation and identification. In particular, gene sequences of 
the mitochondrial genome (mtDNA) have been used in attempts to establish the borderline 
between intraspecific and interspecific variation. A part of the cytochrome oxidase I (COI) 
gene has even been suggested as a molecular bar-code marker for animal species (Hebert 
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et al. 2003a, b), and a few empirical studies can now also be used as references for clitel-
late worms (e.g. Pérez-Losada et al. 2005; Trontelj and Utevsky 2005; Bely and Weisblat 
2006; Siddall et al. 2007; Erséus and Kvist, in press). This chapter aims to review the 
recent evidence for considerable genetic variation in some widely distributed and com-
monly used model “species” of Clitellata, and also to outline what future research is needed 
to establish the true diversity, and to improve the taxonomy, of these taxa.

3.2  SourceS and KIndS of VarIatIon

3.2.1  Morphology

Historically, zoological taxonomy has focused on the patterns of morphological variation 
in animals, but a classical problem is that in closely related organisms, intraspecific varia-
tion may be difficult to distinguish from interspecific differences. This has resulted in the 
polarity between “splitters” and “lumpers,” i.e. the tendency among taxonomists either to 
overestimate or to underestimate the number of species within a given higher taxon. 
During the 19th century and the beginning of the 20th century, numerous new oligochaete 
species were formally named, but they were often briefly described and/or separated from 
each other on the basis of rather subtle morphological differences. After a more thorough 
scrutiny, much of this diversity was subsequently interpreted as continua within a lower 
number of species, and several old names were regarded as junior synonyms or “species 
dubiae.” The monograph on the aquatic oligochaetes of the world by Brinkhurst and 
Jamieson (1971) gives many examples of this.

More recently, however, a part of this lumping has been challenged; for example, 
Holmquist (1983, 1985) referred to historical and new morphological evidence in a plead 
for separation of different species-level taxa within the Tubifex tubifex complex, and work 
by Erséus and coworkers has provided several examples of small but consistent morpho-
logical differences between closely related and apparently radiating species of marine 
Tubificidae (e.g. Erséus 1981, 1988, 1997, 2003; Wang and Erséus 2004; Erséus and 
Bergfeldt 2007). Moreover, in recent years, an astonishingly high species diversity has 
been revealed within Grania, a morphologically homogeneous genus of marine Enchy-

Table 3.1 Number of articles found in an internet search (May 2007) using Google Scholar 
(http://scholar.google.com), ISI Web of Knowledge/Web of Science (http://isiknowledge.com/) 
and PubMed/Medline (http://ncbi.nlm.nih.gov/)

Clitellate Species or Complex

Number of Hits

Google Scholar Web of Science PubMed

Lumbricus terrestris 4,870 1,029 2,249
Eisenia fetida/Eisenia foetida/Eisenia andrei 4,720 1,959 2,919
Tubifex tubifex 4,570 420 219
Hirudo medicinalis 4,050 725 690
Lumbriculus variegatus 1,280 213 89
Limnodrilus hoffmeisteri 1,110 101 34
Enchytraeus albidus/crypticus 712 125 61
Theromyzon tessulatum 375 102 53
Helobdella triserialis 328 82 37
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traeidae (e.g. Coates 1990; Coates and Stacey 1993, 1997; Rota and Erséus 1996, 2003; 
De Wit and Erséus 2007; Rota et al. in press). Thus, numerous indications suggest that, 
for aquatic groups in particular, oligochaete diversity is considerably higher than once 
thought.

Additionally, Timm (2005) refers to a tendency to misuse some species names in 
oligochaete research. For instance, in many cases, “T. tubifex” has been used for “any pink 
tubificid equipped with dorsal hair chaetae, and living in aquatic mud” in polluted streams, 
the profundal of lakes or even in brackish waters (Timm 2005, p. 55), while several other 
tubificids (in particular, species of Rhyacodrilus, Psammoryctides, Potamothrix and Ily-
odrilus), which may be more common than T. tubifex in these habitats, are easily mistaken 
for the latter. As also discussed by Timm (2005), the well-known enchytraeid, Enchytraeus 
albidus, may have been identified in a similar way (just by assumption) from habitats and 
sites where it does not exist.

3.2.2  Polyploidy

Polyploidy is common in plants, where estimates of incidence range from 30 to 80% of 
the described species (Otto and Whitton 2000). It appears to be less frequent in animals, 
but may be underestimated, particularly among invertebrates. Chromosome counts have 
been performed for several common clitellates (see Christensen 1980), and polyploidy has 
been found in taxa widely used in the laboratory, such as L. variegatus (chromosome 
numbers reported: 34, 68, c. 85, 136, c. 185) and T. tubifex (c. 24, 75, 100, 125, 150). 
Polyploid oligochaetes have rarely been described as separate species, but they have 
sometimes been recognized as (trinominal) subspecies taxa or as “varieties,” occasionally 
even before their actual karyotype number has been established (Viktorov 1997).

Polyploidization may disturb the formation of genital elements, causing physiological 
or morphological incompatibility of the polyploid individual with its ancestral stocks as 
well as other polyploids, and if mating does occur, the progeny may be sterile or may die 
before reaching reproductive age. In some cases, the polyploidization event disables sexual 
reproduction entirely, replacing it with (asexual) fragmenting of genetically identical 
individuals. Such clones may become firmly established and may even outcompete their 
closest, sexually reproducing, relatives, but as they lack the possibility of gene recombina-
tion, polyploidization leading to obligate asexual reproduction has often been regarded as 
an evolutionary dead end in the longer term. If, on the other hand, the polyploid organism 
can switch between sexual and asexual modes of reproduction, it can break free of this 
constraint, resulting in polyploid populations that evolve independently of their diploid 
ancestors. In animals, however, polyploid forms appear to be predominant among asexu-
ally reproducing forms (Otto and Whitton 2000), and Christensen’s (1980) review gives 
many examples of this, particularly within Enchytraeidae and some tubificid genera (e.g. 
Tubifex and Limnodrilus). However, in Naidinae (Tubificidae), a clitellate group well 
known for alternations between sexual and asexual reproduction (e.g. see Ladle and Todd 
2006), polyploidy appears to be uncommon (Christensen 1980).

The existence of multiple copies of the same original chromosome in an individual 
or a lineage has important consequences, as duplicated genes allow an organism to “experi-
ment” with extra copies not needed for survival (Ohno 1970). When such duplication 
occurs, some gene copies may diverge from the original ones, and changes may result in 
morphological, physiological or ecological effects that are selectively advantageous or, as 
one alternative, may lead to nonfunctional pseudogenes. As shown by Song et al. (1995), 
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genetic changes in connection to polyploidization may occur rapidly, at least in the case 
of allopolyploidization, i.e. hybridization. Polyploids may be larger than diploids of the 
same “species,” and they often occur in unstable or harsh environments (Stebbins 1950; 
Bell 1982). They also tend to be more widely distributed and peregrine than their diploid 
relatives (discussed by Viktorov 1997; Otto and Whitton 2000). As often as not, however, 
polyploid and diploid individuals of the same taxon are morphologically indistinguishable 
and can be separated only through genetic information or biological differences (e.g. eco-
logical preferences, physiology, parasite tolerance). If these differences are not already the 
result of speciation, they may ultimately lead to such a process.

3.2.3  dna and Bar coding

For at least 30–40 years, assessing genetic variation at various enzyme loci using gel 
electrophoresis has been possible, and such studies, pertaining to some important clitellate 
models, are reviewed below. Nevertheless, the rapid development of methods to sequence 
and analyze DNA has revolutionized the study of genetic variation in organisms. Various 
genes have been explored, some of which are conserved enough to be suitable for assess-
ment of high-level relationships (e.g. 18S and 28S rDNA), while others evolve at higher 
rates, revealing differences and unique similarities among closely related taxa and within 
species. The most popular of the latter category are the mitochondrial COI and 16S genes, 
and the internal transcriber spacers, ITS1 and ITS2, of the nuclear genome; ITS1-2  
comprise, together with 5.8S rDNA, the “ITS region,” between the 18S and 28S rDNA 
genes.

The aim of DNA bar coding, specifically using part of the COI gene, as first suggested 
by Hebert et al. (2003a, b), is to create a sequence database of most or all known species, 
in order to aid in the assignment of a given sample to the correct species, and to facilitate 
the discovery of new taxa (Moritz and Cicero 2004), particularly from organism groups 
for which morphological characters are either vague, ambiguous, complex or lacking the 
desired degree of distinctiveness. This idea has its critics on both economical and philo-
sophical grounds (e.g. Will and Rubinoff 2004; Will et al. 2005; Cameron et al. 2006; 
Fitzhugh 2006), and growing evidence suggests that one of its basic tenets—that intraspe-
cific variation is sufficiently lower than interspecific variation (the “bar-coding gap”) to 
allow more or less clear-cut lines between species—does not always hold true for more 
extensive sampling, especially not when true sister taxa are considered (e.g. Johnson and 
Cicero 2004; Moritz and Cicero 2004; Meyer and Paulay 2005). However, as exemplified 
below, bar coding will probably be useful as a tool to routinely determine the degree to 
which one laboratory’s worm isolate is comparable with that of other laboratories. Here, 
the aim would be to quickly ascertain phylogenetic affinity and to estimate comparability 
with other studies on the supposedly same nominal species, rather than to confirm or 
dismiss previously established species boundaries.

3.3  exaMPleS of clItellate Model organISMS

3.3.1  tubificidae

Over the last few decades, several common laboratory worms have been recognized as 
containing great genetic variation, and are thus essentially unsuitable for laboratory studies 
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unless proper care is first taken to identify the lineage of the studied population. The most 
well-known example is T. tubifex, which is now known to comprise several different lin-
eages with different biological features.

Polymorphisms and different ecological forms of T. tubifex have been long known 
(Brinkhurst and Jamieson 1971; Poddubnaja and Timm 1980; Holmquist 1983; Milbrink 
1983). Sometimes, the morphological differences have been considered as phenotypic 
plasticity (e.g. Chapman and Brinkhurst 1987). However, through the use of a segment of 
the 16S rDNA sequence from T. tubifex sampled from some rivers in Eastern and Central 
Europe, Sturmbauer et al. (1999) established that T. tubifex representing five different 
lineages coexist sympatrically in various combinations. The distinct lineages show differ-
ences in their resistance to cadmium, suggesting that considerable physiological and eco-
logical differentiation is associated with the divergence observed in the 16S rDNA 
pattern.

These findings reinforce what other researchers have previously found. For instance, 
Reynoldson et al. (1996) found differences in growth, reproduction and tolerance to pol-
lutants between lab cultures from Spain and Canada. Anlauf (1994) differentiated three 
“types” of T. tubifex by enzyme electrophoresis (of glucose phosphate isomerase and iso-
citrate dehydrogenase), and these types showed differences in adult fresh weight, fecundity 
and tolerance to anoxia. Sturmbauer et al. (1999) studied the same enzymes and were able 
to correlate the differences in enzyme patterns to their five lineages.

Beauchamp et al. (2001, 2002) examined 16S rDNA from several North American T. 
tubifex populations, recovering some lineages of Sturmbauer et al. (1999) as well as a 
sixth lineage unknown in Europe (see Fig. 3.1), and found that susceptibility to infection 
by Myxobolus cerebralis, the myxozoan parasite that spreads salmonid whirling disease, 
ranges from complete resistance to high susceptibility in these various forms. To this can 
be added the older reports of varying chromosome numbers in T. tubifex (see Christensen 
1980), although these different karyotypes have still not been matched with any of the six 
T. tubifex lineages recognized today.

Thus, while T. tubifex has long been known as variable, strong evidence now indicates 
that it cannot be regarded as a single species. The 16S rDNA sequences of the lineages 
known to date (Fig. 3.1) differ from each other by 5.8–13.0% (Sturmbauer et al. 1999; 
Beauchamp et al. 2001), which is comparable to distances commonly found between 
closely related species [e.g. pholcid spiders, 15.0–34.1% (Astrin et al. 2006); Calopteryx 
(Odonata), 0.6–21.6% (Misof et al. 2000)]. Although morphological traits remain diag-
nostically unreliable, further genetic studies may provide final resolution to the species 
taxonomy of the T. tubifex complex; of course, this should include a correlation with the 
data of Anlauf (1994), Anlauf and Neumann (1997), Sturmbauer et al. (1999), Beauchamp 
et al. (2001, 2002) and others. Clearly, routine assignment of cultured or wild-caught T. 
tubifex to that taxon without further genetic characterization is no longer recommended.

Another commonly studied tubificid is Limnodrilus hoffmeisteri, for which we have 
incorporated GenBank data in our 16S rDNA tree (Fig. 3.1). Kennedy (1969), Brinkhurst 
and Jamieson (1971), and Kathman and Brinkhurst (1998) recognized large morphological 
variability in this taxon, particularly with regard to the shape of chaetae and cuticular penis 
sheaths. A 16S rDNA study by Sturmbauer et al. (1999) involved two L. hoffmeisteri 
individuals, and the distance between them was greater than most of the distances between 
the T. tubifex lineages. Beauchamp et al. (2001) analyzed other specimens of L. hoffmeis-
teri, which had sufficient genetic variation to suggest that this taxon also harbors cryptic 
species. The same authors again pointed out that the morphological characters used to 
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Figure 3.1 Neighbor-joining (NJ) tree based on a selection of 16S rDNA sequences of the six Tubifex 
tubifex lineages as reported by Sturmbauer et al. (1999) and Beauchamp et al. (2001, 2002), as well as 
corresponding data of Limnodrilus hoffmeisteri from these authors. The shaded area represents L. hoffmeisteri 
s. lat., which may be a paraphyletic group, but note that the NJ tree is a phenetic rather than a phylogenetic 
tree. All sequences were downloaded from GenBank (March 2007)
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distinguish species of Limnodrilus differ too much between localities to be reliable. Thus, 
L. hoffmeisteri, as well as some of its congeners, is evidently in great need of a taxonomic 
revision, and—as in T. tubifex—the number of species is greater than the number of names 
in use today.
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3.3.2  lumbriculidae

L. variegatus, commonly known in North America as the “Californian blackworm,” is 
often used as a laboratory worm. It has several desirable features for studies on bioaccu-
mulation and toxicity (e.g. see Phipps et al. 1993; Veltz et al. 1996), as well as regeneration 
(e.g. Martinez et al. 2005, 2006). These features include (1) its wide geographic distribu-
tion and prevalence, and the ease with which it can be obtained and maintained in culture 
(see Leppänen and Kukkonen 1998a, b), (2) its short generation time and its ability to 
reproduce asexually by fragmentation and to regenerate lost ends, (3) its burrowing behav-
ior, which exposes it to sediment-bound pollutants and (4) the ease with which it can be 
distinguished from other clitellates (Dermott and Munawar 1992). A majority of the arti-
cles scored for L. variegatus in Table 3.1 deal with the effect of pollutants and toxins on 
this species, which frequently appears in recommendations for suitable model organisms 
(e.g. American Society for Testing and Materials, 1995; Ducrot et al. 2005).

L. variegatus is presumed to be common across the entire northern hemisphere, and 
has secondarily been introduced to Australia, New Zealand and South Africa (e.g. Cook 
1971; Brinkhurst 1989). In a recent molecular study on L. variegatus from Europe, Japan 
and the USA (Gustafsson et al. submitted), however, we have shown that this taxon is 
divided into at least three clades, two of which occur in Europe and North America, in 
some cases sympatrically. These groups, while likely to be morphologically indistinguish-
able, can easily be distinguished at mitochondrial COI and 16S loci, as well as the nuclear 
ITS region, and the genetic distances are great enough to suggest that the three clades 
represent different species. Our study also provides evidence that the different ploidy 
levels reported for L. variegatus (Christensen 1980) may be clade dependent. At present, 
how the genetic data translate into ecological, physiological and developmental differences 
in L. variegatus is unknown, but as maturation seems to become inhibited as the ploidy 
level increases (Christensen 1980), at least some populations may be entirely asexual.

These findings are not entirely surprising. For more than 100 years, occasional sexu-
ally mature specimens or even sexually reproducing populations of L. variegatus (or 
Lumbriculus sp.) have been reported, mainly from Europe (references in Gustafsson et al. 
submitted). In these reports, the great variation in the position and number of genital ele-
ments (e.g. Mrázek 1907), and the season when maturity occurs is striking, even within 
samples from the same locality. This has usually been interpreted as within-species varia-
tion; however, Lumbriculus as a whole has always been a problematic genus. Faunal lists 
for various regions often list only “Lumbriculus sp.,” which has caused uncertainty about 
both the circumscription and the actual distribution of L. variegatus. Thus, to fully resolve 
the taxonomy and phylogeny of the Lumbriculus complex, a comprehensive reassessment 
of the morphological and genetic patterns, using DNA technology and a large number of 
worms from a wide geographical range, will be needed.

3.3.3  enchytraeidae

Enchytraeids, and particularly members of the genus Enchytraeus, have been recom-
mended as suitable terrestrial test organisms to complement data from the lumbricid 
Eisenia fetida (Westheide et al. 1987; Römbke 1989; Römbke and Knacker 1989; Wes-
theide and Bethke-Beilfuss 1991). However, while Enchytraeus species have many of the 
characteristics of a good model organism—easy to culture, short generation times, ecologi-
cal relevance (Westheide and Bethke-Beilfuss 1991)—they are often difficult to separate 
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on morphological characters alone, and they are suspected to contain cryptic species 
(Brockmeyer 1991). Westheide and Brockmeyer (1992) even suggest the use of a protein 
pattern index for species differentiation within Enchytraeus and other enchytraeids.

Westheide and Graefe (1992) described a new species of Enchytraeus, Enchytraeus 
crypticus, that could not be differentiated from what was presumed to be its closest relative 
(Enchytraeus variatus) by any “conventional morphological features.” Nevertheless, while 
specimens from cultures of the two species were unable to interbreed, they could be dis-
tinguished by DNA restriction fragment patterns (Schlegel et al. 1991), isoenzyme and 
general protein patterns (Brockmeyer 1991), and sperm ultrastructure (Westheide et al. 
1991). In a later study (Schirmacher et al. 1998), E. crypticus and E. variatus showed 
slight but consistent genetic distances (using the RAPD-PCR technique), sufficient to 
make them reproductively isolated.

Römbke (1989) suggested that the common “pot worm,” E. albidus, would be suitable 
as a terrestrial model organism in ecotoxicology. In a study of the COI variation in this 
taxon (Table 3.2; Erséus, Rota and Gustafsson in preparation), however, we found evi-
dence that this species contains forms that are different enough to qualify for species status, 
but which may be hard or impossible to distinguish morphologically. As shown in Fig. 
3.2, 10 specimens all identified as E. albidus represented three main lineages (clades A, 
B and C in Fig. 3.2). Clade A contains two specimens obtained from a seaweed compost 
in Galicia, Spain, as well as two worms from a seashore site at Torslanda, Sweden; within 
this clade, the pairwise distances are 0.9–2.6%, with the larger distances (2.1–2.6%) 
between the two sites. Clade B is represented by three individuals, one from a second 
Swedish seashore locality (at Stenungsund) plus two from a German laboratory culture; 
here the within-clade distances are only 0.2–0.9%, and one of the laboratory worms was 
more similar to the Stenungsund worm than to the other laboratory specimen. Clade C 
comprises three individuals from the Spanish compost, i.e. they are sympatric with a part 
of the clade A material; distances within C range from 2.0 to 2.6%. Between-clade varia-
tion is 10.0–16.3%, with a minimum of 10.0–10.6% for A–B comparisons, and a maximum 
of 15.0–16.3% for A–C comparisons. Thus, the distances between the three clades of E. 
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Table 3.2 List of specimens used for analysis of COImtDNA variation in Enchytraeus albidus 
(see Fig. 3.2), with Enchytraeus buchholzi, Enchytraeus bulbosus and Enchytraeus christenseni 
selected as out-groups

Ref. # Specimen ID Locality Source

CE521 E. albidus Seashore, Stenungsund, Sweden C. Erséus
CE965 E. albidus Seashore, Torslanda, Sweden A. Ansebo
CE972 E. albidus Seashore, Torslanda, Sweden A. Ansebo
CE1684 E. albidus Seaweed compost, Galicia, Spain B. Reboreda Rivera
CE1685 E. albidus Seaweed compost, Galicia, Spain B. Reboreda Rivera
CE1686 E. albidus Seaweed compost, Galicia, Spain B. Reboreda Rivera
CE1689 E. albidus Seaweed compost, Galicia, Spain B. Reboreda Rivera
CE1693 E. albidus Seaweed compost, Galicia, Spain B. Reboreda Rivera
CE2169 E. albidus Lab culture, Germany J. Römbke
CE2170 E. albidus Lab culture, Germany J. Römbke
CE724 E. buchholzi Culture, from Krasnoyarsk, Siberia E. Rota
CE798 E. bulbosus Götene, Sweden E. Rota and C. Erséus
CE805 E. christenseni Alingsås, Sweden E. Rota and C. Erséus
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albidus are only marginally shorter than those (14.7–20.2%) between the individual E. 
albidus worms and any of the three out-groups (Enchytraeus christenseni, Enchytraeus 
bulbosus and Enchytraeus buchholzi); distances among the out-groups are 15.6–17.4%.

Hartzell et al. (2005) also noted considerable COI variation in a large material of the 
North American glacier ice worm, Mesenchytraeus solifugus, revealing two geographi-
cally distinct clades, an Alaskan lineage being separated from a southern one (including 
populations from British Columbia, Washington and Oregon) by a COI distance of about 
10%. Schmelz (2003), in his monograph on the taxonomy of the species-rich enchytraeid 
genus Fridericia, used protein and isoenzyme patterns to confirm species diagnoses and 
distinctions. These and other studies on terrestrial species (e.g. Rota 1995; Rota and Healy 
1999) suggest that the family Enchytraeidae may contain more variability and more 
species than traditional morphological studies have been able to establish.

3.3.4  lumbricidae

A well-known example of diversity in popular laboratory worms is that of the E. fetida/
Eisenia andrei complex, commonly used in ecotoxicology (e.g. Edwards and Coulson 
1992; Kokta 1992; Reinecke 1992). These two taxa, first regarded as variants of E. fetida 
(André 1963; but recognized as a heterogeneous group already by Avel 1929), and with 
E. andrei, formally named as a separate subspecies by Bouché (1972), are now generally 
recognized as different species. [The spelling “foetida,” incorrectly proposed by Michaelsen 
(1900), is still seen in the literature (e.g. Kohlerova et al. 2004; Yuan et al. 2006); see 

Figure 3.2 NJ tree of preliminary COI mtDNA analysis of 10 Enchytraeus albidus specimens from four 
European localities shows a division of at least three different genotypes; see text and Table 3.2 for further 
explanation
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Easton 1983; Sims 1983.]. Over the last few decades, the interspecific differences between 
E. fetida and E. andrei have been confirmed using metabolic profiling (Bundy et al. 2002), 
life history studies (Reinecke and Viljoen 1991; Domínguez et al. 2005), allozyme elec-
trophoresis (Jaenike 1982; Øier and Stenersen 1984; Bouché 1992; Henry 1999; McElroy 
and Diehl 2001), and mitochondrial and nuclear DNA (Pérez-Losada et al. 2005).

Robotti (1983; see also Bouché 1992) showed that E. andrei was genetically distinct 
from E. fetida, and although E. andrei was fairly homogeneous, populations of E. fetida 
from France and Italy differed substantially. Pérez-Losada et al. (2005) showed that the 
two species are separated genetically, but also that Irish specimens of E. fetida were dis-
tinct from Spanish ones (COI distances ~18%), indicating that even this taxon contains 
cryptic species. Thus, while E. fetida and E. andrei are easily distinguished on morpho-
logical characters, they may still include forms deserving status as sibling species. Further, 
suspicion has been raised (e.g. Westheide and Bethke-Beilfuss 1991) that what is com-
monly called E. fetida or Eisenia sp. in the literature may actually be a mixture of E. fetida 
and E. andrei. This confusion calls for caution and genetic verification of specimens when 
using worms of this complex as model organisms.

By and large, genetic variation and cryptic speciation (but referred to as “polyploidy,” 
“polymorphism,” “different morphs,” etc.) appear to be commonplace in several wide-
spread lumbricid earthworms, such as Allolobophora chlorotica, Aporrectodea caliginosa, 
Aporrectodea rosea, Dendrobaena octaedra and Dendrodrilus rubidus (see Sims and 
Gerard 1985).

3.3.5  leeches (Hirudinida)

One of the most commonly studied clitellate is the European medicinal leech, Hirudo 
medicinalis (Table 3.1), and in recent years, the genetic variation of this worm has been 
scrutinized. Using RAPD-DNA (Trontelj et al. 2004), both nuclear and mitochondrial 
genes (ITS2 + 5.8S, 12S and COI; Trontelj and Utevsky 2005), and the COI gene and 
microsatellite data (Siddall et al. 2007), these authors have recently reconsidered a long 
overlooked diversity in H. medicinalis s. lat. (medicinalis, verbana and a new species once 
called “variety orientalis”), prompting them to call for molecular characterization of labo-
ratory cultures. These three species, one of which (Hirudo verbana) was originally 
described as early as 1820, are by no means cryptic, as they can be differentiated by their 
body pigmentation (Nesemann and Neubert 1999). Nevertheless, overeager lumping of 
Hirudo species has caused confusion of the lineages, and, as showed by Siddall et al. 
(2007), many (if not all) commercial and laboratory stocks of H. medicinalis are actually 
H. verbana.

The risk of imprecise taxonomy due to assumption has also been demonstrated for 
Helobdella, a genus of leeches used in developmental research for over 20 years. Recog-
nizing that the current stocks used in the USA originally came from different isolates, 
Bely and Weisblat (2006) collected Helobdella specimens from several laboratory cultures 
along with wild-type populations and studied their variation in the COI gene. The resulting 
phylogenetic tree showed that the laboratory worms belong to five different lineages of 
Helobdella, each of which is more closely related to another nominal species than to each 
other. Moreover, lab cultures labeled Helobdella robusta belonged to three different 
clades, two of which occur sympatrically in Sacramento, CA. Because of this, Bely and 
Weisblat (2006) emphasized the need for bar coding laboratory isolates to avoid incom-
parable or unrepeatable data.
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3.4  cryPtIc SPecIatIon

Although growing evidence indicates that many well-known and widely distributed 
“species” of Clitellata exhibit considerable genetic variation, and that some genotypes also 
have different characteristics in reproduction, physiology, host–parasite relationships, pol-
lution tolerance, etc., whether different lineages should be regarded as separate nominal 
taxa or just as locally adapted variants of the same biological species may still be disputed. 
To a great extent, the discussion depends on what kind of species concept one adheres to, 
of which a plethora exists (e.g. Mayden 1997). In the case of asexual clones, which may 
be prevalent in complexes such as L. variegatus and among naidines (Tubificidae), a bio-
logical species concept based on interfertility can hardly be applied and has commonly 
been replaced by a pragmatic approach referring to diagnostically distinguishable mor-
phospecies. Even with evidence of sexual reproduction, however, reproductive isolation 
may be difficult to establish without extensive genetic investigation across many popula-
tions. Besides, for allopatric forms, predicting whether or not they will be interfertile if 
they meet in a future event may be impossible. A phylogenetic species concept, regarding 
a species as the least inclusive clade of specimens sharing a recent ancestor, may be easier 
to conceive using genetic methods, but it will have problems dealing with ancient lineage 
sorting and paraphyletic parental stocks.

Regardless of whether or not the clitellates reviewed here will be taxonomically split 
into several formal species-level taxa, a speciation process is likely to be at work in com-
plexes such as T. tubifex, L. hoffmeisteri, L. variegatus, E. albidus and E. fetida. Moreover, 
as long as coherent evidence of long separation in the mitochondrial and (in the case of 
L. variegatus) nuclear genomes of different lineages in these examples, with genetic dis-
tances comparable to those known between other closely related species of the same 
genera, exists, recognition of these lineages as separate species seems reasonable.

What remains to be completed is a more comprehensive assessment of the long-noted 
morphological variants in these clitellate complexes, to determine in which way they 
match the lineages recognized by genetic data. If extensive enough and successful, future 
work will lead to formal nomenclatural revisions, probably including the resurrection of 
some older names available in the literature, but which are currently on hold as junior 
synonyms to the more inclusive names used today. Alternatively, or as a supplement, a 
more strictly DNA-based taxonomy may be seen in the future, i.e. a taxonomy less depen-
dent on diagnostic morphological features, as has been advocated by Vogler and Monaghan 
(2007).

3.5  concluSIonS and recoMMendatIonS

Both asexuality and polyploidy appear to be more common in clitellates than in many 
other invertebrate groups. At the same time, morphological characters are often ambigu-
ous, insufficient or too few for establishing stable phylogenies of these worms. Therefore, 
we have reason to suspect that the cryptic speciation observed in, e.g. L. variegatus and 
T. tubifex is prevalent also in many other clitellate taxa. That is, clitellates may be a much 
more speciose group than previously thought.

As reviewed here, common laboratory species of Clitellata have been found to be 
either nonmonophyletic (Helobdella) or, while probably monophyletic, sufficiently vari-
able to warrant special attention for putative cryptic speciation. In some of these cases 
(most notably T. tubifex, but also in the Eisenia complex; Reinecke & Viljoen 1991), 
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physiological or ecological differences are already known, but in others, only the genetic 
differences are known. In effect, this means that results from one study using a particular 
clitellate model may not be fully comparable to those from another study of the same 
model, unless the phylogenetic affinities of the stocks are firmly established. At the same 
time, one should keep in perspective that model organisms are often used for the very 
purpose of studying fundamental biological processes such development, neurobiology, 
etc., that have proven to be strikingly similar even between animal phyla.

How, then, do we efficiently compare isolates or populations of the worms used? 
Certainly, a combination of morphology, DNA data, isoenzyme data, karyology and other 
types of data discussed above would be ideal, but this would be a costly and unwieldy 
procedure, especially for large sample sizes or smaller laboratories. DNA bar coding using 
the COI gene may give an estimate of how closely related two isolates are, and may prove 
to be one important marker for identification and future reference. However, it may be 
insufficient as the single tool for distinction of “proper” cryptic species from great intra-
specific variation, as we still know neither enough about the relationship between COI 
variation and species delimitation, nor enough about how this variation is reflected in  
the biological properties of the organisms, i.e. factors that may affect the response of  
the organism to various experimental situations. Thus, further research, with regard to the 
variation as such, and also the mechanisms of speciation, involving also its possible ele-
ments of polyploidization and hybridization, is greatly needed. Further, the conceptual 
basis of “a species” must be better considered and stated in all such work. Finally, a search 
for additional genetic markers, particularly those that will increase phylogenetic resolution, 
should be encouraged.
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