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INTRODUCTION

Top-down forces are a dominant ecological determi-
nant of community biomass and structure (Hairston et
al. 1960, Paine 1966, Hassell & May 1986, Murdoch &
Briggs 1996, Vander Zanden et al. 2005, Gruner et al.
2008). Predators, and predator removals, can cause
drastic shifts in densities and species composition
(Frank et al. 2005). Direct predator–prey interactions
are often important in determining the stability of bio-

diversity and ecosystem functioning (Ives et al. 2005).
Predator controls over prey populations are particu-
larly important in many marine communities (e.g.
Ambrose 1984b, 1991, Wilson 1990, Connolly &
Rough garden 1999, Menge 2000), where they have
been particularly well-documented in relation to fish-
eries impacts (Cury et al. 2003, Chassot et al. 2005,
Gascuel 2005). In benthic communities, predation has
been shown to affect larval recruitment (Olafsson et al.
1994, Desroy et al. 1998, Beukema & Dekker 2005),
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and reduce macro-infaunal abundances both directly
(Reise 1985, Strasser 2002) and indirectly (Ambrose
1984a,c, Commito & Ambrose 1985, Posey et al. 1995,
2002, 2005, Menge 2000, Baden & Boström 2001).
Much less is known about predator controls on meio -
benthic communities (Bell & Coull 1978, Sutherland et
al. 2000, Olafsson 2003).

Nematodes are the most abundant and among the
most diverse metazoans in marine and terrestrial
ecosystems (Heip et al. 1985, Wall & Moore 1999,
Yeates et al. 2009), feeding on a range of different
sources (Moens & Vincx 1997). While many nema-
todes are considered bacterial and microalgal feeders,
there is a large variety of species which, judging from
stoma morphology, are candidate predators of other
meio ben thos, including nematodes, copepods, oligo -
chaetes, and ciliates, as well as of settling larvae of
macrofauna (Watzin 1983, 1985, Kennedy 1994,
Moens & Vincx 1997, Hamels et al. 2001). A limited
number of observational (Moens & Vincx 1997) and
stable isotope studies (Moens et al. 2005, Rzeznik-
 Orignac et al. 2008) largely support the predatory
ecology of various nematode genera abundant in
intertidal and shallow subtidal sediments. Short-term
(from minutes to 48 h) experiments on the predation
rates of 2 marine (Moens et al. 2000, Gallucci et al.
2005) and several terrestrial nematode species
(Nelmes 1974, Bilgrami & Jairajpuri 1989, Khan et al.
1991, Bilgrami & Gaugler 2005, Bilgrami et al. 2005,
Khan & Kim 2007) have led to suggestions of poten-
tially significant controls by predatory nematodes
over their prey populations. Field data on horizontal
(Gallucci et al. 2005) and vertical (Steyaert et al. 2001)
distributions of abundant predacious marine nema-
todes in relation to the abundances of their prey
assemblages further support this idea. However, only
few studies have investigated effects of predatory
nematodes on prey nematode population dynamics
and/ or biomass, and those which have been pub-
lished all pertain to terrestrial assemblages (Mikola &
Setälä 1998, Mikola 1998, Bilgrami & Gaugler 2005,
Bilgrami et al. 2005, Khan & Kim 2005, 2007).

Moreover, the local diversity of nematode assem-
blages tends to be (very) high (Heip et al. 1985, Wall &
Moore 1999, Yeates et al. 2009), and competitive, facil-
itative, and inhibitory interactions, even among closely
related species, are important in shaping these assem-
blages (Mikola 1998, Ilieva-Makulec 2001, Postma-
Blaauw et al. 2005, De Mesel et al. 2006, dos Santos et
al. 2009). It is unclear whether, and to what extent,
predatory forces interfere with these horizontal inter-
actions and affect assemblage structure and diversity.

Here we focused on 2 different but closely related
prey nematode species (Diplolaimelloides meyli and
D. oschei), which occur sympatrically on decomposing

Spartina detritus in salt marshes. These 2 bacterivorous
species negatively affect each other’s population devel-
opment in laboratory microcosm experiments in the ab-
sence of predators, with D. meyli having a stronger in-
hibitory effect on D. oschei than vice versa (De Mesel et
al. 2006, dos Santos et al. 2009). They have been shown
to be very suitable prey for  Enoploides (Moens et al.
1999, 2000, Gallucci et al. 2005). Moreover, Enoploides
exhibited a preference for D. oschei over D. meyli
(Moens et al. 2000, where D. oschei was erroneously re-
ported as Monhystera sp.).

We performed microcosm experiments in which
Enoploides were introduced into populations of either
prey species, or of both prey species together. We
assessed predatory effects of Enoploides on (1) the
population development and age/size distribution of
both prey species, and on (2) their relative abundances
when both prey species were simultaneously present.
We also assessed (3) predator-abundance dependence
and (4) prey-size dependence of such predatory
effects. In view of the above-mentioned preferential
predation of Enoploides on Diplolaimelloides oschei,
we hypothesized that any predator control on D. oschei
would be stronger than that on D. meyli. In combina-
tion with the inhibitory interactions among both prey
species, we expected predation to further emphasize
the dominance of D. meyli over D. oschei in the mixed
culture experiment.

MATERIALS AND METHODS

Nematodes. The prey nematode species Diplo-
laimelloides meyli and D. oschei (Monhysteridae) were
harvested from permanent monospecific, agnotobiotic
cultures on agar, fed unidentified bacteria from their
original habitat (i.e. decaying Spartina anglica leaves
in the Paulina salt marsh, located in the polyhaline
reach of the Westerschelde Estuary, SW Netherlands;
Moens & Vincx 1998). For our experiments, prey
nematodes were handpicked on the tip of a fine tung-
sten wire, rinsed twice in artificial seawater (ASW;
Dietrich & Kalle 1957) to remove most attached bacte-
ria, and stored in ASW for 24 h at 5°C to allow fairly
simultaneous inoculation into all experimental units.

The predatory nematode Enoploides longispiculosus
was harvested from the upper 2 cm of the sediment at
an intertidal flat bordering the Paulina salt marsh.
Nematodes were extracted alive from freshly collected
sediment by repeated decantation with tap water over
a 63 µm mesh sieve. Nematodes retained on the sieve
were collected with ASW, and Enoploides were sorted
at the genus level under a compound microscope.
They were stored overnight in ASW prior to their inoc-
ulation into the experimental microcosms. Only adult
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and fourth-stage juvenile (J4) Enoploides were used
for this experiment. Microscopic identification of sev-
eral tens of Enoploides specimens has shown that
E. longispiculosus is by far the dominant, but not the
only, Enoploides species at this location. Substantially
<10% of the Enoploides present are E. spiculohama-
tus, a species which differs from E. longispiculosus
mainly by the presence of small perforations in its
mandibles and by slight differences in spicule length
and distance of precloacal supplements to the cloaca.
These differences are not visible under a compound
microscope, hence monospecificity of the predator in
our experiments is not guaranteed. However, >90%
dominance of E. longispiculosus is guaranteed. For
information on the geographical distribution of these
predator and prey species, we refer to the online data-
base NeMys (http://nemys.ugent.be).

The predator–prey combination used in our experi-
ments is artificial, in that this particular predator
species is not usually found in the same type of sedi-
ments as these prey species. The latter abound on
macroalgal wrack and in salt-marsh sediments with
relatively high silt content (dos Santos et al. 2009),
whereas the former is typical of fine- to medium-
grained sandy sediments with very low silt percent-
ages (Gallucci et al. 2005). At the Paulina site, they
occur at very nearby stations (separated by only a few
tens of meters). Our reasons for choosing this model
‘assemblage’ are the following: (1) Enoploides is a very
common and often abundant marine predator genus.
(2) It has been shown to remain active in laboratory
incubations on different substrata, including agar, for
periods up to several weeks. (3) Diplolaimelloides
meyli and D. oschei occur sympatrically on salt marsh
detritus and in sediments. (4) They are easy to culture
in the lab, and their life history and mutual interactions
have been well studied (Moens & Vincx 2000a,b, dos
Santos et al. 2008, 2009). They are in fact 2 of the only
3 marine nematode species for which interspecific
inhibitory interactions have been well documented (De
Mesel et al. 2006, dos Santos et al. 2009). (5) They are
suitable prey to Enoploides (Moens et al. 1999, Gal-
lucci et al. 2005). We believe that the relevance of this
artificial assemblage is high because the sympatric
occurrence of closely related, often congeneric, nema-
tode species is prevalent in a majority of marine sedi-
ments (Heip et al. 1985, De Mesel et al. 2006), and
because predators are prominently present in many
marine nematode assemblages (Heip et al. 1985, Gal-
lucci et al. 2005).

Experiments. Experimental microcosms consisted of
Petri dishes (5 cm i.d.) bottom-covered with 4 ml of
0.75% bacto-agar medium with a salinity of 25 and a
pH of 7.5 to 8. Aliquots (50 µl) of frozen-and-thawed
Escherichia coli (strain K12) at a density of 3 × 109 cells

ml–1 were added as a food source for the prey nema-
todes, since this food source and density support opti-
mal population growth of both Diplolaimelloides
species (dos Santos et al. 2008). Since nematodes are
not capable of synthesizing several essential lipids
when on a purely bacterial diet, cholesterol was added
to the agar medium at 100 µg l–1 (Vanfleteren 1980).
Twenty adult prey specimens (10 males + 10 gravid
females) of either species were transferred individually
to a 50 µl drop of sterile ASW on the agar surface of the
experimental units. The microcosms were then incu-
bated for 20 d at 17°C in the dark to allow prey popu-
lation establishment. There were 2 main experiments:
one in which only a single prey species was present
per microcosm (SS, single-species experiment: 20 D.
meyli or 20 D. oschei), and one in which both prey
species were inoculated together into the microcosms
(MIX, mixed-species experiment: 20 D. meyli + 20 D.
oschei). Possible implications of this difference in prey
nematode abundance between SS and MIX treatments
are addressed in the ‘Discussion’.

After these 20 d, predatory nematodes were added
in much the same way as the prey nematodes, in 4 dif-
ferent predator abundance treatments in each main
experiment: 5, 15, 25, and 40 predators microcosm–1. A
fifth treatment without predators served as a control.
Only occasional mortality of predators occurred during
or after their inoculation into the microcosms, and all
such dead predators encountered throughout the
experiment were replaced by new individuals, freshly
collected from the field.

There were 3 replicates per treatment. Counts of
total prey nematode numbers, early-stage juveniles
(J1, J2), late-stage juveniles (J3, J4), adult males, adult
females, and dead prey were performed just prior to
predator inoculation and 5, 10, 15, and 20 d after in -
oculation of the predators.

Data analysis. Prey variables were compared
among experiments, treatments, and time using a
Generalized Linear Mixed Models (GLIMMIX) proce-
dure in SAS v.9.2 (SAS Institute). A completely ran-
domized statistical design was used with prey species
densities in the SS and MIX experiments as the
response variable and predatory effects (predator
abundance) as the categorical variable. Given the
nature of our data, where observations at different
moments in time are interdependent, repeated mea-
sures analysis provided the most suitable model. We
used the random statement to correct for the random
effect of replicates and the interdependence of the
repeated observations (replicate versus time). In the
event of a significant F-statistic, a posteriori pairwise
comparisons within factors or interaction terms used
the Tukey–Kramer mean comparisons procedure,
which properly controls the Type I error.



Mar Ecol Prog Ser 427: 117–131, 2011

RESULTS

Total prey population

Diplolaimelloides oschei total abundances (including
adults and all larval stages) in the SS experiment dif-
fered highly significantly between treatments (F =
53.10; p < 0.0001) and between treatments versus time
(F = 8.32; p < 0.0001). The control (0 predators) treat-
ment exhibited a monotonous increase with time until
15 d after predator inoculation in the other treatments,
followed by a population decline at the last count.
Treatments with low predator densities (5 and 15) fol-
lowed a similar population development but with sig-
nificantly (p ≤ 0.01) lower densities at all but the last
count. The 40-predator treatment yielded significantly
lower prey densities than all but the 25-predator treat-
ments (p ≤ 0.01; Fig. 1A,B).

Diplolaimelloides oschei abundances in the MIX
experiment also differed significantly between treat-

ments (F = 4.67; p < 0.05) and between treatments ver-
sus time (F = 3.25; p < 0.01). The control treatment
exhibited a comparable increase over time as in the SS
experiment, but the maximum abundance was only
half that of the SS experiment. Similarly, abundances
of D. oschei in the predator treatments of the MIX
experiment were considerably lower than in the SS
experiment (p < 0.0001). Moreover, D. oschei abun-
dances in the MIX experiment exhibited only minor
differences between treatments (most p ≥ 0.07;
Fig. 1C,D).

Diplolaimelloides meyli total abundances in the SS
experiment differed significantly between treatments
(F = 10.24; p < 0.01) and between treatments versus
time (F = 4.82; p < 0.0001). D. meyli abundances in
the controls significantly exceeded those in predator
treatments (with the exception of the 15-predator
treatment) throughout the experiment, with lowest
prey abundance at the highest predator abundance
(Fig. 2A,B). However, differences between treat-
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Fig. 1. Diplolaimelloides oschei. (A) D. oschei (single species, SS) (C) D. oschei (mixed species, MIX) total population abundance
as a function of time in 4 different predator treatments and a control without predators. Predator abundance effects on total
(B) D. oschei (SS) numbers and (D) D. oschei (MIX) abundances. (A,C): means ± 1 SE of 3 replicates per treatment; (B,D): time-
 averaged (from counts on Days 25, 30, 35, and 40) means ± 1 SE of 3 replicates. Colour in circles of (B,D) corresponds to that 

in symbols in (A,C). Treatments indicated by the same letter did not differ significantly at p < 0.05
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ments with different predator abundances were not
significant.

Diplolaimelloides meyli total abundances in the MIX
experiment also differed highly significantly between
treatments (F = 13.31; p < 0.001) and between treat-
ments versus time (F = 5.73; p < 0.0001). However,
there were no significant differences between the con-
trol, the 5-predator, and the 15-predator treatment (p >
0.05). At the highest predator abundance, D. meyli
abundances were significantly lower (p < 0.05;
Fig. 2C,D). Overall, the abundances of D. meyli in the
SS and MIX experiments did not differ (p = 0.25).

All main effects and interactions (experiment [SS
versus MIX] versus treatment [predator abundance]
versus prey [Diplolaimelloides oschei versus D. meyli]
versus time), with the exception of experiment versus
treatment and experiment versus prey versus treat-
ment, on the total population abundances of both
prey species were significant (Table S1 in the Supple-
ment at www.int-res.com/articles/suppl/m427p117_
supp.pdf).

When we sum the abundances of Diplolaimelloides
meyli and D. oschei in the SS experiment, we can com-

pare the total prey abundances between SS and MIX.
The MIX experiment yielded a significantly lower total
prey abundance than the SS experiments over the
complete incubation time (p < 0.0001; Fig. S1A–C in
the Supplement at www.int-res.com/articles/suppl/
m427p117_supp.pdf).

Early-stage juveniles (J1, J2)

Abundances of Diplolaimelloides oschei first- and
second-stage juveniles (J1 and J2) in the SS experi-
ment differed highly significantly between treatments
(F = 24.15; p < 0.0001) and treatments versus time (F =
3.71; p < 0.001), mainly as a result of the highest 2
predator abundance treatments during the last 15 d of
the experiment (Fig. 3A,B). In the MIX experiment,
treatment no longer had a significant effect (F = 3.32;
p = 0.06), but treatments versus time had (F = 2.19; p <
0.02), indicating different temporal dynamics of prey
abundances in different treatments (Fig. 3C,D).

Abundances of Diplolaimelloides meyli first- and
second-stage juveniles in the SS experiment differed
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Fig. 2. Diplolaimelloides meyli. As in Fig. 1, but for D. meyli
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significantly between treatments (F = 4.71; p < 0.03)
and treatments versus time (F = 3.83; p < 0.001), with
controls yielding consistently higher densities than all
other treatments. There was a general tendency of
decreasing J1 and J2 densities with increasing preda-
tor abundance, but only the 40-predator treatment had
significantly (p < 0.02) lower abundances than the con-
trol (Fig. 4A,B). Abundances of D. meyli first- and sec-
ond-stage juveniles in the mixed prey species experi-
ment differed significantly between treatments (F =
9.35; p < 0.01) and between treatments versus time (F =
4.28; p < 0.0001). These differences were again largely
due to the highest predator abundance treatment,
which yielded significantly lower prey abundances
than the control, the 5-predator, and the 15-predator
treatments (p < 0.01; Fig. 4C,D).

All main effects, and most of their interactions, on
the abundance of early-stage juvenile prey nematodes
were significant, except the interactions experiment
versus treatment, prey versus treatment, and experi-
ment versus prey versus treatment (Table S2 in the
Supplement).

Abundances of early-stage juveniles were consis-
tently lower in the MIX than in the SS experiment (p <

0.001; Fig. S2A–C in the Supplement). The treatment
effect generally increased with increasing predator
abundance in both SS and MIX, albeit with few signif-
icant differences between treatments (Fig. S2C).

Late-stage juveniles (J3, J4)

Abundances of Diplolaimelloides oschei third- and
fourth-stage juveniles (J3 and J4) in the SS experiment
differed highly significantly between treatments (F =
24.90; p < 0.0001) and treatments versus time (F = 6.46;
p < 0.001). Controls had higher J3 and J4 densities
throughout the experiment, even though they started
decreasing after Day 30. Overall, abundances of J3
and J4 did not differ significantly between predator
treatments (Fig. 5A,B). Abundances of D. oschei J3 and
J4 in the mixed prey species experiment differed sig-
nificantly between treatments (F = 5.71; p < 0.01), and
between treatments versus time (F = 2.08; p < 0.03).
However, these differences were largely due to the
higher initial abundances in the 15-predator treatment
and the subsequent different temporal dynamics in
this treatment (Fig. 5C,D).
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Fig. 3. Diplolaimelloides oschei. As in Fig. 1, but for J1 and J2 juveniles 
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Abundances of Diplolaimelloides meyli third- and
fourth-stage juveniles (J3 and J4) in the SS experiment
differed highly significantly between treatments (F =
7.70; p < 0.0001) and treatments versus time (F = 3.14;
p < 0.01). The control and the 5-predator treatment
yielded on average significantly higher J3 and J4 den-
sities than all other treatments. Lowest J3 and J4 abun-
dances were found in the 2 highest predator abun-
dance treatments (Fig. 6A,B). Abundances of D. meyli
J3 and J4 in the mixed prey species experiment dif-
fered significantly between treatments (F = 8.10; p <
0.01) and between treatments versus time (F = 2.26; p <
0.03). The only significant pairwise difference between
treatments, however, was that between the control and
the 40-predator treatment (p < 0.05; Fig. 6C,D).

All main effects and most of their interactions, except
experiment versus prey versus treatment, on the abun-
dance of J3 and J4 Diplolaimelloides were significant
(Table S3 in the Supplement).

Abundances of J3 and J4 in the MIX experiment
were significantly lower than in the SS experiment
throughout time (p < 0.001), and this was also true
when considering both prey species separately (p <

0.0001). There was a general tendency for J3 and J4
abundances to decrease with increasing abundance of
predators in both experiments (except the 15-predator
treatment in MIX), but with few significant differences
(Fig. S3A–C in the Supplement).

Adults

Adult Diplolaimelloides oschei abundances in the SS
experiment differed highly significantly between
treatments (F = 77.45; p < 0.0001) and treatments ver-
sus time (F = 18.82; p < 0.0001). Abundances of adults
in the control treatment peaked 5 d after the start of the
predation trials as a result of full maturation of F1 pro -
geny, and declined at the last count (see also dos San-
tos et al. 2008). All other treatments yielded lower
adult abundances throughout the experiment, and
most pairwise comparisons yielded significant differ-
ences (p < 0.01; Fig. 7A,B). D. oschei adult abundances
in the MIX experiment differed highly significantly
between treatments (F = 7.88; p < 0.01), and between
treatments versus time (F = 2.70; p < 0.01). The control
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Fig. 4. Diplolaimelloides meyli. As in Fig. 1, but for J1 and J2 D. meyli juveniles
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treatment yielded the highest abundance of adults,
increasing monotonously with time until 15 d after
predator inoculation, followed by a slight decrease at
the last count. All other treatments yielded lower adult
prey abundances throughout the experiment, but with
only few significant pairwise differences (p < 0.02).

Adult Diplolaimelloides meyli abundances in the
SS experiment differed highly significantly between
treatments (F = 48.54; p < 0.0001) and treatments ver-
sus time (F = 17.06; p < 0.0001). Increasing predator
densities yielded decreasing adult prey abundances
(Fig. 8A,B). D. meyli adult abundances in the MIX
experiment differed significantly between treatments
(F = 33.47; p < 0.0001) and between treatments versus
time (F = 7.42; p < 0.0001). As in the SS experiment,
there was a progressive decrease in adult prey
 abundances with increasing predator abundance
(Fig. 8C,D).

All main effects and their interactions, except that
between experiment versus prey versus treatment,
exhibited significant effects on abundances of adult
prey nematodes (Table S4 in the Supplement).

Abundances of adult prey did not differ between the
SS and MIX experiments, although prey abundances

in the SS experiment were initially (first 2 counts)
higher but ended lower than in the MIX experiment. In
both experiments, adult prey abundances generally
decreased with increasing predator abundance
(Fig. S4A–C in the Supplement).

DISCUSSION

Predator control over prey population development

While many meiobenthic taxa are considered preda-
tors, facultative predators, or omnivores (Coull 1973,
Watzin 1985, Moens & Vincx 1997), the importance of
predation among meiobenthos is poorly known.
Nematode trophic position is usually inferred from
stoma structure (Wieser 1953, Moens et al. 2004), even
though observational studies have demonstrated dis-
crepancies between mouth morphology and feeding
habits, as well as flexibility in feeding behavior
(Romeyn & Bouwman 1983, Moens & Vincx 1997). The
main question therefore is whether the predation rates
of supposedly predatory nematodes are sufficient to
exert predator control over prey assemblages. High
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Fig. 5. Diplolaimelloides oschei. As in Fig. 1, but for J3 and J4 juveniles
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predation rates of predacious nematodes on nematode
prey in laboratory experiments have been reported for
several terrestrial and/or freshwater species (Yeates
1969, Bilgrami & Jairajpuri 1989, Khan et al. 1991, Bil-
grami & Gaugler 2005, Bilgrami et al. 2005), as well as
for the marine species Enoploides longispiculosus and
Adoncholaimus fuscus (Moens et al. 2000, Hamels et
al. 2001, Gallucci et al. 2005). With the exception of a
few studies on the control of plant-parasitic nematodes
(Khan & Kim 2007 and references therein), we are
unaware of any studies which have looked at popula-
tion-level responses of prey nematodes to predation.
Our data show a clear effect of the predatory nematode
Enoploides over the population development of both
monhysterid prey species used in this experiment, with
a general reduction in prey abundance with increasing
predator densities. The effect is initially only pro-
nounced for adult prey, but over time this effect will
culminate in a lower reproduction at the population
level (less reproductive adults present) and hence in a
slower overall population development (see Fig. S5 in
the Supplement). This is in accordance with the clear
negative correlation between densities of Enoploides
and of prey nematodes in sediments at the field site

where Enoploides were collected for our experiments
(Gallucci et al. 2005). The observed effect was smaller
than what we could have expected based on the pre-
dation rates found in short-term experiments (24 to
48 h; e.g. Moens et al. 2000). There may be several rea-
sons for this: (1) agar may not be an optimal medium
for Enoploides, which is very sensitive to the matrix in
which it forages (Gallucci et al. 2005). However, in
short-term experiments, predation rates on agar were
very similar to those in sediments (Gallucci et al. 2005).
Moreover, we observed very little predator mortality in
our experiments and, for the first time, obtained repro-
duction of Enoploides in laboratory microcosms, sug-
gesting that our experimental conditions were favor-
able. (2) Predators could have been partially feeding
on bacterial food, as demonstrated for some predacious
nematodes from soil (Yeates 1969, 1987). However,
Moens et al. (1999) found no measurable bacteria
uptake by Enoploides. (3) Rates of short-term experi-
ments may yield overestimates as a result of pre-
experimental conditions (e.g. starvation). However, the
studies we have referred to always used freshly col-
lected and non-starved predators, as we did in the pre-
sent experiments. Moreover, observations of gut con-
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Fig. 6. Diplolaimelloides meyli. As in Fig. 1, but for J3 and J4 D. meyli juveniles



tents suggest that at least some predacious nematodes
have considerably higher predation rates in the field
(Fonseca & Gallucci 2008). (4) Predator functional
responses (see ‘Size-selective predation and predator
functional response allow prey populations to persist’).
(5) Finally, negative density-dependent effects among
predators in the higher predator abundance treat-
ments (Hamels et al. 2001) may have affected the mag-
nitude of the predatory effect in the treatments with
high predator abundances.

The existence of a clear functional response for Eno-
ploides at prey densities in the range of adult prey den-
sities in our experiments (Moens et al. 1999) implies
that the somewhat higher prey abundances in the MIX
experiment could have caused higher per capita preda-
tion rates. Hence, while we attribute the lower than ex-
pected prey abundances in the MIX experiment to in-
hibitory interactions between both prey species,
predator functional response may also have con-
tributed. However, we consider it unlikely that this ef-
fect was important. (1) The densities of adult prey in the
control treatment of the present experiment 25 d after
inoculation of the Diplolaimelloides species exceeded
the prey densities at which optimal predation rates of

Enoploides are obtained (ca. 50 prey ml–1; Moens et al.
1999), averaging 100 ± 25 and 125 ± 25 ind. ml–1 in the
MIX and SS experiment, respectively. (2) Because of
the relatively small difference in overall adult prey
abundance in the MIX and SS experiment, we are con-
fident that per capita predation rates of Enoploides did
not substantially differ between both experiments as a
result of the predator functional response.

Size-selective predation and predator functional
response allow prey populations to persist

Based upon per capita predation rates obtained in
laboratory microcosm experiments, Moens et al. (2000)
suggested that in fine to medium sandy sediments,
Enoploides could drive prey populations to extinction.
However, the low efficiency of predation at low prey
densities may provide a window of opportunity for
prey to avoid extinction. The functional response
described for Enoploides feeding on monhysterid prey
implies that this predator requires relatively high prey
densities for optimal predation rates (Moens et al.
2000). The densities of adult prey in the control treat-
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Fig. 7. Diplolaimelloides oschei. As in Fig. 1, but for adults only
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ment of the present experiment approached optimal
densities 25 d after inoculation of the Diplolaimelloides
species. In the predation treatments, the increase in
adult prey observed in the controls between Days 20
and 25 was largely or completely removed by preda-
tion, keeping adult prey densities well below those
expected to yield optimal predation rates. Prey avail-
ability, then, also depends on the extent to which juve-
nile nematodes are suitable prey to Enoploides. Our
study clearly shows that small juveniles (J1 and J2) are
unsuitable as prey. The differences in abundance of J1
and J2 Diplolaimelloides between different treatments
tend to increase at the end of the experiment, which is
a result of lowered abundances of adult prey produc-
ing offspring rather than of J1 and J2 being removed
by predation. The lower time-averaged abundances of
J1 and J2 at the 2 highest predator densities therefore
did not result from direct predation on juveniles, but
from a strong predatory control over adult abundance
and hence over the rate of population increase. More-
over, we observed many encounters of predators with
small juveniles, and these consistently remained with-
out a predator–prey interaction. Abundances of J3 and
J4 juvenile prey were significantly affected by preda-

tion, but with limited dependence on predator abun-
dance, suggesting that these nematode life stages are
vulnerable to predation by Enoploides, but to a lesser
extent than adults. It is plausible that this ‘selective
predation’ is caused by size-selective feeding. Size is a
common food selection criterion in meiofaunal organ-
isms grazing bacteria (Salinas et al. 2007) or microphy-
tobenthos (Moens & Vincx 1997, De Troch et al. 2006).
However, size-dependent predation was not consid-
ered an important driver for the selective predation on
different prey nematode species observed in a previ-
ous study with Enoploides, which contended that en -
counter probabilities together with the capacity of prey
species for vigorous escape movements were the dom-
inant drivers of selectivity (Moens et al. 2000). Indi-
rectly, however, prey size may be generally more rele-
vant because larger nematodes tend to be more mobile
(Gallucci et al. 2008) and hence will have higher en -
counter probabilities. On the other hand, larger-sized
prey may also have a better capacity to escape upon
predator attack. We have no indications, however, that
the prey species used in our experiments frequently
manage to escape from predator attack, or that escape
success would differ according to prey size. In any

127
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case, the selection against (small) juvenile prey nema-
todes observed in the present study provides another
mechanism through which prey nematode populations
may avoid extinction at high predator densities. Size
selectivity, in combination with a strong functional
response and negative abundance-dependent effects
among the predators (Hamels et al. 2001) may thus
allow prey populations to survive under conditions of
high predator abundance. Habitat (sediment) structure
further adds to this, since it has been shown that even
modest increases in silt content and changes in grain
size profoundly affect the predation rates of E.
longispiculosus (Gallucci et al. 2005), which leads us to
hypothesize that small-scale spatial heterogeneity in
sediment texture may create refuges in which prey are
not, or less, vulnerable to predation by Enoploides. If
so, we could expect that in sediments with high preda-
tor abundance, there would be many prey species
occurring at very low adult densities. If small juvenile
nematodes would more generally be less susceptible to
predation by other nematodes, one could expect to find
higher proportions of small juvenile prey nematodes in
samples with a high relative abundance of predators.
There is currently little evidence for this, but perhaps
this is due to sampling bias, smaller juveniles having a
high chance of passing through the mesh sizes typi-
cally used in meiobenthic research (de Bovée et al.
1974, T. Moens unpubl.). Nevertheless, gut content
ana lysis of the large nematode Pontonema sp. from
Arctic deep-sea sites suggests that this predator pref-
erentially preys on small-sized nematode prey (Fon-
seca & Gallucci 2008). Hence, we must be extremely
careful when making generalizations from studies on
single model species.

Predation alleviates horizontal interactions between
prey nematode species

In short-term (24 to 48 h) incubations with both prey
species together, Enoploides showed a clear prefer-
ence for Diplolaimelloides oschei over its congener
D. meyli (Gallucci et al. 2005). In combination with the
inhibitory interactions among both prey species (De
Mesel et al. 2006, dos Santos et al. 2009), we expected
predation to further emphasize the dominance of
D. meyli over D. oschei in the MIX experiment.
D. oschei indeed attained lower abundances than its
congener in the MIX experiment, whereas it was
equally or even slightly more abundant than D. meyli
in the SS experiment. At first glance, this is in agree-
ment with the above-mentioned prey preference of
Enoploides. However, when looking at individual
treatments, perhaps the strongest discrepancy in
D. oschei abundances between the SS and MIX exper-

iment occurred in the controls without predators. Here,
D. oschei in the MIX experiment attained numbers
only half to a third of those in the SS experiment.
Moreover, D. oschei abundances before predator inoc-
ulation were considerably lower in all treatments of the
MIX experiment than in the SS experiment. D. meyli
also exhibited lower numbers, particularly of adults, in
the controls of the MIX experiment and prior to preda-
tor inoculation in all other treatments, but the differ-
ence was far less pronounced than in D. oschei. This is
undoubtedly due to the above-mentioned inhibitory
interactions among closely related Monhysteridae and
between other ‘confunctional’ (i.e. belonging to the
same trophic guild) nematodes (Mikola 1998, Ilieva-
Makulec 2001, Postma-Blaauw et al. 2005, De Mesel et
al. 2006, dos Santos et al. 2009). The mechanism
behind this inhibitory interaction remains unclear, but
simple competition for food or space is unlikely to be
the principal cause (De Mesel et al. 2006, dos Santos et
al. 2009). The present results further indicate that
these inhibitory interactions tend to be asymmetric,
with a strong negative effect of D. meyli on D. oschei
and a much weaker reverse effect. This is in agree-
ment with Mikola (1998), Postma-Blaauw et al. (2005),
and De Mesel et al. (2006), but contrasts with dos San-
tos et al. (2009). The latter study, however, included a
third bacterial-feeding nematode species, the pres-
ence of which likely affected the mutual interaction
between both Diplolaimelloides species (cf. Levine
1999).

In contrast to our expectation that predation would
emphasize dominance of Diplolaimelloides meyli over
D. oschei, increasing predation intensity rather re -
lieved the inhibitory pressure of D. meyli on D. oschei.
Particularly in the 2 treatments with the highest preda-
tor abundances, D. oschei abundances in the MIX ex -
periment were equal to, or even exceeded, those in the
SS experiment. There are several possible explana-
tions for this phenomenon. First, if the inhibitory effect
of 1 species over another is abundance dependent,
then the lowered prey abundances, particularly at high
predator abundance, may alleviate this effect. Abun-
dance-dependent inhibition has been reported as an
important feature of both pre- and post-settlement in -
teractions between larvae of soft-sediment deposit-
and suspension-feeding macrobenthos (Olafsson et al.
1994). Inhibition between both monhysterid species
used in our experiments was most pronounced at food
availabilities allowing optimal population growth and
less so at suboptimal food levels (dos Santos et al.
2009), indicating that abundance dependence may
indeed play a role. One unexpected side effect is that
while predation generally resulted in a continuous
decrease of prey abundance with time in our SS exper-
iment, there was a small but steady increase in prey
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abundance with time in the 2-species experiment.
Hence, the overall effect of predation on the prey
assemblage in the MIX experiment was at least as
strongly determined by indirect effects as by direct
predation pressure, a feature which has repeatedly
been found in assemblages with prominent horizontal
interactions, be they competitive, facilitative, or in hi -
bitory (Abrams & Matsuda 1996, Berger et al. 2001,
Hebble white et al. 2005, Gross 2008).

Alternatively, predation is often more intense on
competitively dominant species than on rarer or infe-
rior species, releasing competitively inferior prey from
suppression by that dominant species (Wootton 1992,
Austen & Widdicombe 1998, Schratzberger & Warwick
1999, Navarrete & Castilla 2003). Applied to the pre-
sent study, the predatory effect of Enoploides on Diplo-
laimelloides meyli decreased the inhibitory effect of
that species on D. oschei.

The interaction chain observed in the present study
was very pronounced, in accordance with the idea that
interaction chains tend to be stronger in aquatic than
in terrestrial systems (Shurin et al. 2002). However,
interaction chains are expected to be stronger in
assemblages of low complexity (Polis & Strong 1996,
Shurin et al. 2002). Nematode assemblages tend to be
characterized by high local diversity and are suscepti-
ble to predation by a range of predators. Hence, there
is an urgent need for studies on more diverse and com-
plex assemblages to assess to what extent the present
results can be translated to natural systems other than
decomposing macrophyte detritus, or — in terrestrial
systems — organically enriched soil patches, which are
often characterized by a low nematode diversity (War-
wick 1987, Wang et al. 2004, Ferris & Bongers 2006).
There is also a need to address the impact of habitat
structural complexity, because both the predation effi-
ciency of, and the horizontal interactions between,
nematode species may differ in natural sediments com-
pared to the more simple and homogeneous agar
matrix used in the present study.

CONCLUSIONS

Our study has demonstrated that predation by abun-
dant predatory meiofauna is likely to exert significant
predatory effects on prey nematode populations. Even
under high predation pressure, however, prey popula-
tions are unlikely to be driven to extinction, as — in
addition to previously reported spatial and temporal
refuges — size-selective predation and low predation
efficiency at low prey densities should allow prey pop-
ulations to persist, albeit with a different age and size
structure. The longer-term stability of such simple 1
predator–1 prey species systems remains to be deter-

mined. Extrapolation of these results to assemblages
with more than 1 prey species have to be made with
extreme caution, since the outcome of the predatory
effect then not only depends on direct predator-
induced mortality, but also on the degree to which pre-
dation modifies the strength of horizontal interactions
between prey species. Finally, we have previously
shown the population dynamics in, and interactions
between, the prey species used here to be strongly
affected by food availability. Hence, integration of
predator–prey dynamics with resource effects on
within-guild diversity and assemblage structure may
well yield even more complex assemblage patterns
(Worm et al. 2002).
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