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ABSTRACT: A cattle-drinking pool in nature reserve *““Zwin” on the
Belgian coast contained free-living third-stage infective filaroid juve-
niles. These juveniles clearly differ morphologically from all known
nematodes. Morphological and molecular analyses indicate a position
within the Filaroidea. The aberrant biology of this nematode, namely,
a free-living stage in an aquatic environment, is unknown within this
superfamily, and the evolution of the parasitic phenotype to a free-living
state is generally thought to be unlikely. However, the obtained place-
ment in the small subunit molecular phylogenetic tree suggests that this
free-living stage is most likely a secondary adaptation. It is reasonable
to assert that nematodes with complex life cycles still have the genetic
potential for a reversion from parasitism to a (partial) free-living stage.

Adult filaroids are parasites of tissues and tissue spaces of all classes
of vertebrates other than fishes (Anderson and Bain, 1976). They are
all transmitted by hematophagous arthropods, which include most of
the major groups known to suck the blood of higher vertebrates, i.e.,
biting midges, black flies, fleas, horse and deer flies, mosquitoes, lice,
louse flies, mites, and ticks (Anderson, 2000). In these intermediate
hosts, microfilariae develop to infective third-stage juveniles that are
inoculated in the final host. The life cycle is completed without a free-
living stage, and, unlike other Spirurida, e.g., Dracunculus medinensis
with copepods as intermediate hosts, members of Filaroidea do not have
strict aquatic intermediate hosts in their life cycle. Counter to what is
normally recognized within Filaroidea, we have detected free-living
third-stage infective filaroid juveniles in the bottom sediment of a cattle-
drinking pool.

During the multidisciplinary project “MANSCAPE” (integrated
management tools for water bodies in agricultural landscapes), bottom
samples were taken in several cattle-drinking pools in Belgium. In this
survey, the top 10 cm of the sediment was sampled at 8 arbitrarily
chosen points within each pool by using a Perspex core (inner diameter
5.7 cm); nematodes were extracted by the centrifugal-floatation tech-
nique. Two replicas of a cattle-drinking pool in nature reserve “Zwin”’,
close to the Belgian coast (51°21,418'N, 3°20,536’E), contained the
unknown juvenile filaroids. To find other possible life cycle stages, tad-
poles and arthropods (chironomid larvae) that inhabit and surround the
pool were screened, but without success.

The unknown filaroids were morphologically characterized using an
Olympus BX 51 differential interference contrast microscope; measure-
ments and illustrations were prepared using a camera lucida; the draw-

ings (Fig. 1) were prepared using Illustrator 10.0 software (Adobe Sys-
tems, Mountain View, California). The morphology also was recorded
as video clips that mimic multifocal observation through a light micro-
scope following the video capture and editing procedures developed by
De Ley and Bert (2002). The resulting virtual specimens are available
on the Web at http://www.nematology.ugent.be/VCE/filarioid.htm.

The juvenile body was large (2.1-2.3 mm) and almost straight after
fixation. The cuticle had a lateral field with fine annulations. The mouth
opening was surrounded by conspicuous protruding liplike structures;
the anterior part of the stoma was squarish, and the posterior part was
indistinct and surrounded by 2 conspicuous cells. The stoma-pharynx
transition was indistinct; the pharynx was 0.72-0.76 mm long. It was
divided into an anterior muscular region and a posterior pharyngeal part,
both about equal in length; cardia were well developed. The excretory
pore was 0.17 mm posterior from the head. The intestine possessed a
wide lumen; the long rectum was surrounded by distinct cells. The tail
had 2 distinct ventrolateral subterminal projections, each with 3 tuber-
cles. The terminal portion of the tail had 2 terminal handlike structures,
which are 6- or 7-fingered; the handlike structures are opposite each
other. With this remarkable tail structure, the juveniles clearly differ
from all other known nematodes; the other morphological features are,
however, in accordance with third-stage infective juveniles of the Onch-
ocercidae (Bain and Chabaud, 1986).

One live specimen was fixed in acetone to allow molecular analysis.
DNA extraction and sequencing were as described in Tandingan De
Ley et al. (2002). The 18S rDNA sequence of the unknown filaroid
(GenBank DQ103704) was aligned with the published sequences of 12
other taxa and 1 unpublished sequence by using the program Clustal X,
version 1.64 under default settings (Thompson et al., 1997). Phylogenies
were estimated using maximum parsimony (MP) and maximum likeli-
hood (ML) criteria as implemented in PAUP, version 4b10 (Swofford,
1998), and Bayesian inference as implemented in MrBayes, version
3.0b4 (Huelsenbeck and Ronquist, 2001). Modeltest, version 3.06 (Po-
sada and Crandall, 1998), was used to determine the best-fit maximum
likelihood models. This model was the general time reversible model
(GTR+I+G). The parameters for base frequencies, substitution rate ma-
trix, and shape and proportion of invariant sites were allowed to vary
throughout the Bayesian analysis. The total number of generations in
this analysis was set to 1 million, 200 times greater than the burn-in
value. Four parallel chains (1 cold and 3 heated) were used. Trees were
sampled every 1,000 generations. The burn-in value was set to 10,000
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Morphological and molecular analyses of unknown free-
living juvenile filarioid. Ilustrations of neck region (A), head regions
(B), and tail (C). Phylogenetic position of unknown filarioid inferred
from 18S rDNA (D). Summary cladogram obtained from MP, ML, and
Bayesian analysis. Branches support indicated by bootstrap values
>50% (MP-ML), calculated by 1,000 replicates, and Bayesian proba-
bility values, all expressed as percentages. MP bootstrap values, up; ML
bootstrap values, middle; and Bayesian probabilities, down. Outgroup:
Mononchus aquaticus and Plectus mimimus. The species used are as-
sociated with GenBank accession numbers, except Acanthocheilonema
viteae, which is an unpublished sequence.

FIGURE 1.

generations, which equated to the next 7,000 generations above the level
at which the log likelihood reaches a stable value in a preliminary run.
Majority-rule consensus trees were reconstructed from the fundamental
trees. To estimate nodal support in MP and ML, 1,000 bootstrap rep-
licates were calculated using heuristic search criteria.

These molecular analyses (Fig. 1) place the unknown filarioid within
the superfamily Filaroidea, order Spirurida. Monophyly of the Spirurida
is robustly supported, and the filaroid clade is moderately supported
(67% MP bootstrap, 69% ML bootstrap, 75% Baysian probability);
however, the phylogenetic relations within the Filaroidea could not been
determined unequivocally. The position of the arthropod-parasitic
Brumptaemilius justini (Rhigonematida), which comprises free-living
juveniles in its life cycle, is uncertain in relation to the Ascaridida and
Spirurida, and according to Wijové et al. (2005), this species actually
forms a paraphyletic assemblage with Ascaridida and Spirurida. Con-
versely, in our analyses, which are based on a slightly larger data set,
this arthropod-parasitic rhigonematid is consistently retrieved outside
the Spirurida clade.

Our combined morphological and molecular results indicate that this
filaroid is an undescribed genus within the Onchocercidae. Formal de-
scription of this new filaroid genus is not possible at present because
adults could not be found.

The aberrant biology of this nematode, namely, a free-living stage in
an aquatic environment, is unknown within the Filaroidea. The place-
ment in the small subunit molecular phylogenetic tree suggests that a
free-living stage is most likely a secondary adaptation. However, the
evolution of the parasitic phenotype requires coordinate acquisition cf
many novel traits and thus reversion to a free-living state is thought to
be unlikely. Hence, irreversibility of adaptation to a parasitic mode of
existence is widely postulated (for an overview, see Siddall et al., 1993).
This view also has been supported by genomic analyses of intracellular

eubacterial and eukaryote parasites, where parasitism is associated with
genome reduction and loss of many enzymatic pathways (Katinka et
al., 2001). The lost metabolism is replaced by nutrient scavenging from
the host. In nematode parasites, however, such reductive loss compared
with free-living taxa is unlikely. The parasites have added environments
to their life cycles, and they also must survive the immune responses
and other protective mechanisms they now encounter (Blaxter et al.,
2004). For example, Ascaris suum retains normal aerobic metabolism
for survival as a first- to third-stage larva before it relies on a reduced,
relatively inefficient, anaerobic energy metabolism (Duran et al., 1998).
Similarly, although tissue-dwelling filarial nematodes secure sugars and
nucleosides from the vertebrate host, they also must exploit the very
different environment provided by arthropod vectors. It is significant to
note that the filarial nematode Brugia malayi expresses many genes that
are apparently missing from the genome of the free-living Caenorhab-
ditis elegans but that are present in other eukaryote phyla (Blaxter et
al., 2002). This relation indicates that gene loss, and genomic simpli-
fication, is not necessarily associated with parasitism in the Nematoda.
Based on extended phylogenetic analybes, Siddall et al. (1993) already
demonstrated reversibility of parasitism in unicellular organisms, and
these authors pointed out that parasitism may prove to be less rigid if
more phylogenies were accurately reconstructed. In this respect, the
Nematoda were especially thentioned, because they contain species with
a variety of life history modes, including wholly autonomous, free-
living taxa, those with alternating free-living and parasitic cycles, and
others with the most intimate intracellular associates. Blaxter et al.
(2004) suggest that for parasites with multiple hosts or with complex
life cycles, the rule that parasitism leads to reduction is unlikely to be
true at a genomic level, no matter that the simplifications in morphology
are demonstrable. Thus, from this point of view, reversibility of para-
sitism is genetically not impossible in nematodes.

Nevertheless, isolation from the host caused by some irregularity,
e.g., postsampling isolation, cannot be excluded in this case. There are
several arguments in favor of an actual free-living stage: (1) live free-
living individuals were found almost immediately after sampling, but
they were equally well be retrieved live after 7 mo in the same sample
(stored by 6 C); (2) the juveniles were found in 2 independently ac-
quired replicates, which reduces the possibility of an erroneous finding;
and (3) the infective juveniles could not be retrieved from arthropods
from the samples (chironomid larvae, copepods, and ostracods) at the
same site. To complete the knowledge of this organism, multiple benthic
samples, vertebrates, and potential transmitting insects must be further
assessed. Hopefully, this approach will lead to a resolution of the life
cycle of this aberrant organism and provide insight regarding the mode
of parasitic evolution and host relations within the Filaroidea.
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