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ABSTRACT

Meiofauna, and especially marine nematodes are common in sediments around the world. Despite very
wide ranging distributions in many nematode species, little is presently known about their dispersal
mechanisms shaping these patterns. Rafting, and perhaps ballast water transport has been suggested as
viable means for nematode long-range transport. On a much smaller scale other processes have been
suggested for their dispersal. They generally include some form of passive suspension into the water
column and later on a passive, haphazard settling back towards the bottom.

Small-scale phenomena in nematode dispersal were studied by conducting a series of studies at Askö
field station, Trosa Archipelago, Baltic proper. Studied aspects were one case of macrofaunal influence
on nematode dispersal rate, using an amphipod, Monoporeia affinis as disturbing agent, and three
different studies on mechanisms related to settling. The experiments were conducted both in laboratory
and field settings.

The amphipod Monoporeia affinis did not exert any influence on the dispersal rate in the nematodes.
The nematode dispersal was only an effect of time, in the aspect that the more time that past, the more
nematodes dispersed from their place of origin. The settling experiments revealed that nematodes do
have an active component in their settling behaviour, as they were able to exert influence on the spot
where they were to settle. They were able to choose settling spot in response to the food quality of the
sediment. It also became evident that contrary to common belief, nematodes are able to extend their
presence in the water column far beyond the times that would be predicted considering settling
velocities and hydrodynamic conditions alone.
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Introduction

Many oceanic currents traverses substantial
distances, and these currents can facilitate wide-
ranging dispersal as they commonly transport
marine organisms (Nelson 1925, Johnson 1939,
Scheltema 1964, Young 1995). Prerequisites for
successful dispersal is that the organisms must
stay viable long enough for them to reach
suitable settling habitats. Long-range dispersal
capability can result in homogeneous
distributions in many species, but such a
situation is not always realized. Many
organisms show much greater spatial
heterogeneity over fairly short distances than
would be expected (Hardy 1953).

Mode of propagation

The original metazoan habitats were earlier
thought of as being benthic when considering
that the majority of organisms in present-day
groups occupy benthic habitats (Boaden 1989).
If, one were to look at life histories of extant
taxa however, early organisms seem to have
had at least some phase of life in the plankton
(Wray 1995). The loss of planktonic larvae is
generally considered to be a derived form, as
larvae have been shown to be selectively
disadvantageous in many taxa (Pechenik 1999).
Disadvantages of planktonic dispersal can be
that the stress experienced during dispersal can
decrease general fitness after recruitment
(Pechenik 1999). Other causes might be
dispersal away from suitable habitats and less
time for local adaptation (Pechenik 1999). The
evolutionary transition from a pelagic larval
stage to a benthic developmental mode is
therefore likely to enhance larval survival. The
cost at the individual level for dispersal is to
high compared to less dispersal. Therefore,
selection against dispersal within populations is
likely (Van Valen 1971). This is in contrast to
the idea of group selection for dispersal at the
population level, which favours dispersal as a
reduction of the extinction risk (Van Valen
1971, Leimar & Norberg 1997).

Implications of scale

The dispersal of marine organisms occurs over
different spatial scales, which can have
different effects on the organisms. Ocean
shipping of today probably brings about the
largest scale in dispersal. Ballast water transport
of marine organisms brings interoceanic
dispersal into a possibility. The successful
occurrence of such an event seem to be
dependent on several different factors and the
organisms in question, as reviewed by Carlton
(1985). The longest non-anthropogenic
distances experienced by larvae take place in
transoceanic and continental currents. The
former crosses oceans, the latter flow along
continental shelves. Currents parallel to
coastlines can interact with topographic features
and thereby implement effects on the
circulation patterns (Eckman 1996). On the
very smallest scales we find local and micro
water movement patterns. These can be
generated or influenced by islands (Hardy
1936), sea mounts (Parker & Tunnicliffe 1994),
waves that change the bottom topography (sand
ripple formation (Hogue & Miller 1981)) or
sediment depressions (Sun et al. 1993).

Factors that form distribution patterns

Complex bottom topography and bed roughness
may produce areas with reduced flow which
result in reduced dispersal by increased settling
(Pawlik & Butman 1993). Populations can in
fact be influenced by local environmental
factors in a way not expected when considering
their mode of dispersal (Hare & Avise 1996).
For example, there are many cases of
unrealized dispersal of pelagic larvae due to
retention factors such as seamounts or coral
atolls, which can influence population patterns.
Eckman (1990) has shown theoretically that
objects protruding from the bottom can cause
differentiated settling rates depending on the
height and density of the objects. For example,
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the higher above the bottom the object
protrudes, the more homogeneous the water
becomes, and water homogeneity lowers the
settling rate. Structures causing this kind of
phenomenon are for example dense
assemblages of animal tubes and sub-tidal sea
grass meadows (Eckman 1990). On a lesser
scale, it has been shown that objects, with
diameters less than 1 mm (simulating animal
tubes) influenced agglomeration of settling
individuals (Eckman 1979). The effect on
settling by the individual needles, were less
than 5 cylinder diameters = <5 mm in the flow,
which is in concordance with results from
manipulated sediments where several species
showed increased aggregation on a scale from
one to several cm (Eckman 1979).

Rafting

Rafting is a method by which organisms are
transported by attaching themselves to different
kinds of floating objects (Picken 1980, Jokiel
1989). In the oceans there are perhaps tens of
millions of man-made objects floating around
that are readily available as settling platforms
for dispersive organisms (Venrick et al. 1973).
On a drifting corallum on the Great Barrier
Reef, DeVantier (1992) found a variety of very
different taxa. The surface was covered by
crustose coralline, filamentous blue-green
algae. Other associated organisms were goose
barnacles, crabs, pearl and reef oysters,
gastropods, bryozoans and foraminiferans.

In some species rafting seems to be very
common, for example in the compound ascidian
Botrylloides sp. where two-thirds of the
investigated colonies rafted within a three-
month period (Worcester 1994). As to
compound ascidians, rafted colonies of
Botrylloides sp. disperse up to 200 times the
distance of their swimming larvae (Worcester
1994). Colonies of the bryozoan Bugula
neritina raft on sea grasses and are thereby
potentially able to occupy new patches,
something that their larvae are unlikely to
succeed in doing (Keough & Chernoff 1987).
For these two taxa, rafting is a means to

disperse over distances that their larvae are
unable to cover. Both the opportunities to
colonize new areas and reduce genetic
differentiation are enhanced. Rafting of egg
masses in a direct developer, the snail Littorina
sitkana is suggested to be a means for
exchanging genetic material (Yamada 1989)
and the same applies to many other adults and
larvae in the Antarctic (Picken 1980, Worcester
1994). For in faunal species however, few
would probably be able to survive any extended
rafting distances outside of their sediments
(Scheltema 1986a). Despite this view, viable
meiofauna has been found on floating brown
algae up to 117 km from the coast of Island
(Ingólfsson 1995, Ólafsson et al. 2001).

Bio geographic barriers can sometimes be
overcome by wind driven rafting. Floating algal
mats and eelgrass leaves for example are
mainly affected by wind (Harrold & Lisin 1989,
Worcester 1994) rather than by the prevailing
current (Parker & Tunnicliffe 1994). The same
is also true for many larvae transported by wind
drift currents (Shanks 1995). This makes for a
decoupling of the dependence of larvae on
water currents for transport.

Local effects on population dynamics can be
influenced by the daily transport of detritus
rafts from the bottom to the sea surface at
sunrise and in the opposite direction at sunset.
These mats of detritus can harbour several taxa
(nematodes, copepods, crustacean larvae and
ciliates) in quite high numbers, and the detritus
mats are dispersed by high winds or heavy rain
(Faust & Gulledge 1996). Small-scale dispersal
in meiofauna is also achieved by sediment film
rafting. Sediment rafts made up of sand
particles only a few sand grains thick are held
together by ‘microbial’ mucopolysaccharides
(Hicks 1988b). Single rafts showed great
variation in dispersal range, with the mean
being 17.6 m (± 16.1 m), maximum being 62.8
m / day.
Sometimes organisms lacking pelagic larvae
colonize remote areas more successfully than
organisms with pelagic larvae (Johannesson
1988). One example of such a species, is the
brooding pelecypod, Gaimardia trapesina that
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have been shown to disperse distances up to
2000 km on kelp rafts (Helmuth et al. 1994).

Dispersal and population genetics

Retention of propagules occurs frequently and
it is likely that many habitats in such situations
will be supplied with recruits from local sources
(Carlon & Olson 1993). When retention occurs,
it can result in small-scale genetic structures
through isolation by distance (Wright 1938,
1940, Benzie 1994). Isolation by distance can
also occur over much larger scales, where
1000s km in the Pacific has been observed
(Palumbi et al. 1997). Isolation by distance
usually exists over greater distances in marine
environments than in terrestrial environments
(Kay & Palumbi 1987).

Dispersal mode often, but not always, displays
the expected genetic structure in populations. It
is quite common for organisms having larvae
that disperse over long distances to show
genetic subdivision on a lesser scale than the
maximum dispersal range. Causing factors of
such subdivisions can for example be selection,
geographic distance, geology and behaviour
(Palumbi 1992). In species that have larger
distribution areas than their offspring’s
dispersal capability, the subdivision between
populations increases with distance (Hellberg
1994).
Unexpected subdivision in marine species, well
within their dispersal potential is sometimes
inferred to different physical barriers. These
barriers can for example be an isthmus, such as
the Isthmus of Panama (Knowlton et al. 1993),
points (Jablonski et al. 1985), peninsulas
(Adamkewicz & Harasewych 1996) or tectonic
plate borders (Myers 1997). At tectonic plate
borders, subduction is thought to cause
differentiation (Jollivet 1996). Various other
structures can also function as bio geographic
barriers, be they embayments (Johnson & Black
1998), estuaries (Bertness & Gaines 1993),
archipelagos (Winans 1980) or major oceanic
surface currents (Benzie & Williams 1997).

Low gene flow coupled with direct developing
larvae in nematodes can lead to an increase in
speciation rate (Poulin & Féral 1996). High
speciation rate and restricted gene flow might
be two of the mechanisms explaining the high
species diversity often found in nematodes.
Selection, though, can work against gene flow
and create differentiated populations despite
high levels of gene flow (Gartner-Kepkay et al.
1983, Johnson & Black 1984).

Recruitment

Many areas experience an absence, or near
absence of species with planktotrophic larval
stages at certain isolated places like islands and
seamounts situated in the middle high latitudes
(Johannesson 1988, Parker & Tunnicliffe
1994). It has been postulated that it may be
easier for a direct, benthic developer than for
pelagic larvae to colonize more remote areas
and islands, at least in mid latitudinal oceans
with rafting as the dispersive agent
(Johannesson 1988, Parker & Tunnicliffe
1994). Larvae must arrive simultaneously in
large enough numbers to establish a successful
recruitment due to the thinning out process
caused by the relatively large distance (Stoddart
1984). At Rockall, situated west of the Outer
Hebrides, only species without pelagic larvae
populate the littoral zone (Moore 1977). Of the
sixteen invertebrate species described so far,
four are nematodes, all of which are widely
dispersed over Rockall.

A different situation prevails on Ascension
Island in the central tropical Atlantic where the
vast majority of the studied molluscs have
planktonic larvae (Rosewater 1975). Ascension
lies much more isolated than Rockall, which
indicates that other dispersal patterns govern
that island. The above situations imply that any
two recruitment situations are not (necessarily)
the same. In the central Pacific Ocean many
islands show low levels of endemism and are
largely populated by species having teleplanic
larvae with planktonic periods ranging of 1
month to 1 year (Scheltema 1986a). This
pattern can be due to that these islands are
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relatively close to one another, or that the
prevailing currents connect them. The
Polynesian islands for example, almost entirely
lack direct developers (Scheltema 1986b).

There are different views on whether local
populations are self-sufficient in larval supply
or not. One view is that many local populations
indeed are self sufficient in larval supply
(Sammarco & Andrews 1988, Davis & Butler
1989, Carlon & Olson 1993, Todd et al. 1998).
These populations may receive new recruits
from time to time, but that it is a highly local
occurrence, with large temporal variation
(Mullineaux 1994). Populations self sufficient
in larval supply is a thought not shared by all
(Hines 1986, Hughes 1990, Caley et al. 1996)
as these authors believe that a local population
will not likely be regulated by its own
fecundity.

Lastly, recruitment may not be the most
appropriate means by which to study dispersal
patterns since there are so many other factors
than current patterns and animal behaviour that
influence recruitment. Other influences are
wind direction (Shanks 1995), chemical cues,
larval behaviour, micro-bottom topography
(Thistle 1981), local turbulence (Oliver et al.
1992) and time passed since the time of
recruitment, due to post settling mortality
factors (Santos & Simon 1990, Ólafsson et al.
1994). The latter factor makes it impossible to
infer the factual dispersal occurrence, only the
lasting effects on the surviving recruits. Post
settlement mortality can be driven by
interactions with resident in fauna (Ólafsson et
al. 1994). The question if it is adults or
juveniles that are responsible for establishing
new communities, or constitute the bulk of new
recruits, is not a trivial one. Santos and Simon
(1990) and Sale (1979) have shown that one
cannot infer the true state, before one has
defined the taxa of interest. For meiofauna,
most habitat types are recruited by both adults
and juveniles (Palmer 1984).

Meiofauna and nematode dispersal

Meiofauna is not a phylogenetic group; instead
it is a group of organisms within a certain size
range. Normally the upper size range limit
consists of organisms retained on mesh sizes
between 1.0 - 0.5 mm and the lower size range
of organisms is retained on mesh sizes between
40 - 60 µm. As a group, meiofauna is very
diverse, including many different taxa. Some of
the more important taxa are harpacticoids,
nematodes, turbellarians, gastrotrichs,
tardigrades, gnathostomulids, kinorhynchs and
foraminiferans (Fenchel 1978). Meiofauna is an
important group in marine sediments. With
their high turnover rates they contribute a large
part (≈30%) of the total global benthic
production in shallow waters (Gee 1989).
Meiofauna organisms generally lack pelagic
larvae (Warwick 1989, Shanks & Edmondson
1990, Günther 1992, Heip et al. 1992), which is
in line with the view that very small organisms
seldom have planktonic larvae (Giangrande et
al. 1994, Rouse & Fitzhugh 1994).

Meiofaunal occurrences in the water column
are generally thought of as due to passive
suspension of individuals (Sherman & Coull
1980, Hagerman Jr. & Rieger 1981, Palmer &
Brandt 1981, Palmer 1983). Active emergence
of meiofauna also occurs (Hicks 1988a,
Chandrasekara & Frid 1996), especially by
copepods (Alldredge & King 1977). Nematodes
that are considered to be very tightly associated
with the sediments are sometimes found in
zooplankton (Nair et al. 1984, Grainger et al.
1985), albeit in small numbers (Alldredge &
King 1977, Shanks & Edmondson 1990,
Shanks & Walters 1997). In plankton samples,
concentrations of up to 2.63%  (approx. 240
nematodes m-3) of the total numbers of
zooplankton have been reported (Kotangale et
al. 1994). Numerous studies indicate that
nematodes are common in, and can be dispersed
via the water column (Hagerman Jr. & Rieger
1981, Mott & Harrison 1983, Fleeger et al.
1984, Fegley 1985, Palmer & Gust 1985,
Bertelsen 1997, Powers 1998). Sometimes
nematodes are encountered in the water column
without any previous indication of high
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turbulence in the water, which indicates an
active component in their dispersal (Gerlach
1977, Armonies 1988a) or that some nematode
species posses sinking speed rates far below
what is presently known. A re-evaluation as to
the meiofauna's benthic status might therefore
be warranted (Palmer 1988).

Considering their very small size, there are
meiofaunal species that show considerable
dispersal capacities, for example, the priapulid
Meiopriapulus fijiensis. Its range is from Fiji in
the Pacific Ocean where the species was first
described, to the Andaman Islands on in the
Indian Ocean between the Bay of Bengal and
Andaman Sea (Westheide 1990). The distance
is more than 10 000 km. No consideration as to
dispersal direction was taken. Jensen (1992)
reports the distribution of four nematode
species (Metasphaerolaimus hamatus, M.
crassicayda, Syringolaimus renaudae and
Halichoaolaimus minor) spanning a large
latitudinal portion of the East Atlantic Ocean
(20°S to 70°N), a distance of roughly 10 000
km. For such a widespread distribution to occur
there must exist an effective dispersal
mechanism if one cannot infer historical causes,
such as plate tectonics as the causing agent for
these distributions. On a much smaller spatial
scale (m), and over a much shorter time span,
Òlafsson & Moore (1992) found varying scales
of nematode dispersal in the Scottish sea-loch,
Loch Creran. Some species with high numbers
in the background sediments, colonized
experimental plots relatively fast (within one
month) in densities close to background
densities, while still other species only had low
numbers in the same plots. Other species still,
showed very differentiated patterns in how they
dispersed to new areas. This result indicates
that different nematode species have differing
scales of dispersal, at least over short time
spans.

Whether meiofaunal organisms are likely to be
suspended or not depends on life history traits
as well as physical factors such as light
exposure, temperature or available oxygen
(Hicks 1984, Armonies 1988b, Hicks 1988a,
Walters 1991). Morphological and

physiological adaptations have evolved to resist
suspension. Nematodes living in shallower,
more exposed (wave affected) habitats, are
often smaller and have modifications such as
annulations, ornamentations or spines with
which they are more likely to resist suspension
(Hogue 1982, Bell et al. 1987). Gerlach (1948)
however, found just the opposite situation,
which bear to mind that it can be dangerous to
generalize. Caudal glands producing a sticky
mucus that attach the nematode to sediment
particles will also render suspension less likely
provided the erosional forces are below the
sediment erosional threshold value (Adams &
Tyler 1980, Riemann 1988). Once suspended,
nematodes will, if the conditions are right, be
transported considerable distances in relation to
their size.

If nematodes actively could influence the
vertical position in the water column when
suspended, nematodes would be able to control
the horizontal direction and / or speed during
dispersal (Scheltema & Williams 1983, Shanks
1995, Young 1995). This would be possible
since the water column often is heterogeneous
in vertical current speed and direction (Hardy
1936, 1953, Hicks 1984). As vertical water
displacement is less than the horizontal for most
depths (Pritchard 1952), vertical velocities of 1-
10 cm s-1 are adequate for maintenance of depth
(Crisp 1981). Nematodes are generally
considered as poor swimmers (Palmer 1984,
Fegley 1985) and they lack circular muscles in
the body wall muscle (Giere 1993), which is the
principal muscle in nematode locomotion
(Barstead et al. 1991). The mean swimming
speed of nematodes (Gray & Lissman 1964,
Wallace 1968, Jensen 1981) is in the same
range as the reported settling velocities of
nematodes (Palmer 1983, Bertelsen 1997).
Therefore, many nematodes will have the
capacity to take out the effect of settling due to
gravitational forces by swimming.

Crofton (1966), states that only the smallest
nematodes will be able to swim freely in water,
because, for larger nematodes, the viscosity will
be insufficient for the sinusoidal wave
propagation that nematodes utilize for
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swimming (Crofton 1966). A nematode must
produce sufficient amounts of propulsive power
that exceeds the downward force of its own
weight (Wallace & Doncaster 1964). To be able
to actively swim upward in liquids, a nematode
must have a length x wave frequency (LF) more
than 100. However, if nematodes have a LF
between 20 and 80, they will be able to leave
the sediments to enter the water column
(Wallace & Doncaster 1964). So it seems that
viscosity, sinking speed and high wave
frequencies, are decisive elements in nematode
swimming.

Meiofauna is also commonly associated with
naturally occurring, transient aggregations in
the sea called marine snow (Suzuki & Kato
1953), which can have substantial influence of
their residence time in the water column. The
mean sinking speeds of 0.037 and 0.041 cm s-1

respectively of nematodes and larval
polychaetes are not very different from those of
marine snow, 0.033 cm s-1 (Shanks &
Edmondson 1990). Exceptions are large marine
snow aggregates and the lower size range of
macro-crustacean faecal pellets (Alldredge et
al. 1987). The residence time in the water
column of macro-crustacean faecal pellets is
thought to be prolonged, by days to weeks, by
turbulent mixing and hence the sedimentation
rate is retarded and the same is thought to apply
to marine snow (Alldredge et al. 1987). Marine
copepods have been shown to be able to affect
the properties of marine snow. They decrease
the number of marine snow particles and
increase the volume instead, thereby creating
larger, less dense particles. They will have
longer residence times in the water column than
non-changed particles (Walters & Shanks
1996). Large marine snow aggregates have
been shown to last up to 16 days during calm

weather conditions without turbulent mixing.
Some of the large aggregates had negative
sinking rates up to - 184 m d-1 and
approximately 50% of the aggregates were
neutrally buoyant (Riebesell 1992).

Difficulties and alternatives when studying
dispersal in small organisms

There are several problems when investigating
dispersal in marine, planktonic larvae or other
small organisms. Due to their unusually very
small size, it is impractical or impossible to
track them directly. For larger larvae such as
ascidian larvae, that are both relatively large
and common, at the most, migrates in the range
of 10 m intervals, it is possible to follow the
larvae directly with scuba (Olson 1985, Stoner
1990). For smaller larvae there have been
developed an array of indirect, complementary
techniques: staining, tagging with radiotracers
or rare-earth elements, use of genetic,
morphological and parasite markers (Levin
1990, Levin et al. 1993), or trace elements
(Anastasia et al. 1998). Additional methods
have been developed, such as computer
simulations and / or modelling of hydrographic
conditions, calculations of energetics and use of
point or isolated sources of dispersers (Levin
1990). It is also possible to use inanimate
particles as larval mimics to infer or foretell
passive movement. These mimics should
imitate as close as possible the relative
densities, fall velocities and size of the larvae
(Levin 1990). There is also a range of
molecular and genetic methods to infer
dispersal out of field data (Avise 1994, Ferraris
& Palumbi 1996, Hillis et al. 1996).
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Aim of the thesis

Nematode species in general appear to be quite wide spread geographically. Despite the worldwide,
circumpolar or transoceanic distribution in many species (Swedmark 1964, Jacobs 1984, Lambshead et
al. 1994, Vanhove et al. 1999), very little is known of the dispersal mechanisms shaping these
distributions. For example, how common is waterborne dispersal versus lateral movement within the
sediments? When ending an event in the water column to enter the sediments, which, if any,
possibilities do, nematodes have to influence where they end up when they settle? For example, will
there be a difference in ability to choose between small and large nematodes or between different
genera?

Macrofauna is also known to be able to exert influence on meiofauna due to their sometimes-extensive
sediment reworking (Bell & Woodin 1984, Dye & Lasiak 1986, Warwick et al. 1990, Aarnio et al.
1998, Tita et al. 2000), but meiofauna is not always affected (Austen & Thrush 2001, Ullberg &
Ólafsson 2003a), and sometimes, meiofauna is even positively affected (Reidenauer 1989).

By conducting a series of experiments at Askö Field station on the island of Askö, in the northern
Baltic proper (58°49’ N, 17°38’ E) the aim was to try to understand, and shed some light on some of
the mechanisms that might have an influence on nematode dispersal and/or distribution. In one case,
macrofauna/meiofauna interactions were studied to evaluate if the amphipod Monoporeia affinis would
influence the dispersal rate in nematodes, and in three instances different water column driven
mechanisms were used to elucidate what might happen to nematodes suspended in the water.

The following working hypotheses were used:

Paper I: H1. Do amphipods influence movements of nematodes over short
distances?

H2. Do the amphipods induce more short range dispersal of small surface dwelling
species than deeper dwelling larger species, i.e. are there detectable differences
in nematode genera composition in previously azoic areas in the presence and
the absence of amphipods?

Paper II: H1. Will nematodes be encountered in the water column without a preceding
suspension event in a non-tidal area with weak currents?

H2. If found in the water column, will they show a temporal difference in being more
abundant during the day or night?

H3. Is there a difference between depths?

H4. Will settling nematodes have a different community composition compared to
nematodes in the ambient sediment? Which, if any, genera will contribute most
to such a condition, and what might be the underlying cause for this difference?
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Paper III: H1: Nematodes settle rather in spots containing sediment than spots free from
sediment.

H2: Nematodes actively settle in spots where natural food resources are present.

H3: Settling choice is species specific, i.e. some species have better ability to locate
attractive spots than others do.

H4: Small species choose settling spots more readily than large species.

Paper IV: H1: Do nematode assemblages develop differently depending on the
density of the clam?

H2: Can we expect more mobile taxa such as copepods to show marked difference
from the nematode assemblages?

H3: In the absence of the clam, will the meiofaunal assemblages develop differently
between sediments with organic enriched material and where such enrichments
are absent?

H4: Does the size of the clam matter when it comes to the development of algal
mats?
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Material and methods

Habitats

In all papers we used manipulative experiments
at Askö field station. Different communities
were used in the experiments. In Paper I, we
used a community from an accumulation
bottom of about 30 m depth. Accumulation
bottoms with their muddy sediments are very
different from the sandy sediments used in the
three remaining studies. The physical
conditions between the sites where the
experimental sediments were taken from are not
the same. The accumulation bottom experience
very few abiotic disturbances compared to the
sandy site, which from time to time can
experience rather extensive turbulence
throughout the whole water column, wind
direction permitting. Working in different
habitats, and with different questions influences
the equipment used for the various experiments.

Containers

Depending on the aim and hypothesis, various
kinds of containers were used. In experiment
one, working with dispersal in accumulation
sediments, we choose a rather large, square
plastic box allowing sufficient amount of
overlaying water. Size was also important for
the sediment thickness, as it could not be to
thin, then it is known that some nematodes live
quite deep down, even below the redox zone
(Hendelberg & Jensen 1993). Size was also
chosen with consideration to the aspect of wall
effects. With too small a container, one risk is
that the organisms can go no further; the wall is
in their way. For the two settlings experiments,
containers were chosen as deemed fit to the
situation they were to function in, that is, a
smaller container for use in the large settling
container used in the lab. For the in situ study in
Sandviken, the first container was somewhat
larger, and the second considerably larger in
height compared to the first one. That the large

core tubes were chosen for work in Sandviken
was due to logistic reasons at Sandviken. In the
last experiment we used a basin of 2 x 2 m with
a water depth of 1 m to minimize effects of
scale, as it is difficult to maintain sediment
trays or containers in the shallows in the field
over any longer time periods.

Sample handling

Samples were in principal treated in a similar
way in all four studies. Muddy accumulation
sediment was sieved through a 40 µm screen to
dispose of the smaller particles. Thereafter the
content of the sieve was transferred to an E-
flask with Ludox TM. Sandy sediments was
either just put in jars to which tap water was
added, where after the contents was forcefully
stirred, and the heavier particles was let to settle
out and the supernatant was poured through a
40- or 50 µm sieve. Or, the residue was
transferred to Ludox TM as for the muddy
sediment. In Ludox TM in the E-flask, the
content was forcefully stirred and was let alone
for 30 minutes. 30 minutes will let the
nematodes accumulate at the surface because
the liquid holds a specific density of 1.15,
which is close to the density of the nematodes.

The samples were counted in their entirety for
major taxa under a stereo dissecting microscope
at 25-x magnification. A minimum of 100
nematodes (if available) was later picked with a
needle and transferred to mounting liquid on a
heating plate holding 50° C, where they were
left for a minimum of 24 h. From the now pure
glycerine on the heating plate, the nematodes
were mounted on microscope slides and
identified to at least genus level under a high-
power microscope at 100-x magnification. The
identification procedures of individual
specimens were the same for the copepods in
paper IV.

When measurements of the nematodes were
conducted, first each nematodes maximum
width was estimated at 100-x, and then their
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length contours at 20-x magnification. Length
contours of the nematodes were digitized using
a Hamamatsu 3CCD video camera, model
C5810, and a picture capturing system (Leica,
Quantimet 500IW) with an integrated software
system that automatically calculated the length
in µm. With both width and length data
available, the volumetric method of Feller &
Warwick (1988) was used to assess the dry
weight of the nematodes.

Experimental design

In large, I have been trying to achieve simple
but functional designs on the experiments. Due
to the exceedingly high workload involved in
processing and enumerate sediment samples, I
have been forced to keep the replicate numbers
down. I have tried to maintain an even number
of 5 replicates for every treatment, except for
some of the identifications to genus level, when
sometimes only three replicates was used.
Unfortunately adversities do happen, as in
paper III when I lost two of the deeper samples.
In that experiment I was also forced to use
different settling traps due to practical reasons.

In the first study, nematodes were added to 1/3
of the area in partly biotic sediment, the
remaining 2/3 of the sediment was azoic. There
were three different concentrations of
amphipods that made up the treatments. The
question was if different concentrations of
amphipods would influence the rate of
nematode dispersal into the azoic sediment.
Samples were taken from three different
distances away from the biotic sediment border.
Secondly, in a small inlet, settling containers
were placed at two depths during two periods of
the day to indirectly investigate if nematodes
are to be found in the water column without a
preceding suspension event. Thirdly, nematodes
was added to the water surface 1 m above the
bottom, on which there was placed four small
containers with each holding a different
treatment (1. benthic algae, 2. pelagic spring
bloom material and two controls consisting of
3. azoic sediment and 4. totally empty. We

wanted to study whether nematodes have any
ability for choosing habitat when descending
from the water column back to the bottom.
Lastly, we used small settling containers in a
randomized block design on the bottom of a
large basin (2x 2m) at the lab to investigate the
effects of size (6-7, 8-9.5 and 10-12.5 mm
width) and density (0, 1, 2, 4, 8, 12 and 16
Macoma/jar) of the bivalve Macoma balthica
on the settling, and subsequent community
development in meiofauna.

RESULTS

In all studies there were large differences in
abundance between major taxa. Nematodes
were by far always the most abundant taxa
followed copepods, oligochaetes, ostracods and
nauplii larvae in no special order. This was
irrespective of experimental setup or type of
habitat (deep accumulation, or shallow and
sandy) from which the included organisms were
collected.

The experiment with organisms and sediment
from an accumulation bottom, utilizing
amphipods (Monoporeia affinis) as disturbance
agents, revealed that nematodes do not increase
their dispersal rate in response to increased
levels of disturbance by this crustacean. There
were however, significant differences between
the sampled distances (0, 13, 23 and 36 cm),
where there was fewer nematodes the further
away from the biotic sediment one sampled. As
expected, it was found that distance 0 was
significantly different from the remaining
distances and that the distances 10 and 23 were
similar to each other but that they were both
different from the 0 and 36 cm distances.

Multivariate statistics (multidimensional scaling
ordination, MDS) based on genera abundance
data between distances, revealed that there were
differences in community composition between
distances but not between treatments. In a few
instances however, there were also differences
within the same species between distances.
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In the experiments involving nematodes from
the sandy, shallower, more exposed Sandviken,
results show that it can be rather difficult to
make predictions from one experiment to the
next. In Paper III it was found that when
nematodes in the water column settle towards
the bottom, some nematodes have the ability to
choose settling spots, while other nematodes do
not seem to have any means to choose at all.
Nematodes in the preferred treatment were
seven fold more abundant compared to the three
remaining treatments. It was also clear that
between the nematodes that were able to
choose, and those that could not choose, there
was an apparent difference in body size.
Nematodes that could choose where to settle
were significantly shorter, thinner and lighter
than non-selective nematodes.

Multivariate statistics, MDS, and classification
(cluster analysis) showed that there were
differences between treatments in community
composition within the nematodes. The source
samples (S), the samples in the water column
after 2 h (W) and the benthic algae treatment
(B) all formed separate groups while the rest of
the treatments formed a group of their own
(P,E,C). Dissimilarity between groups was in
general high, ranging from 66 to 98%.

From the results it was also evident that a rather
large proportion (≈30%), of the nematodes
added to the water surface at the beginning of
each run, remained in the water column after
two hours when they would have been expected
to have settled out by then (Hagerman Jr. &
Rieger 1981, Palmer 1983, Shanks &
Edmondson 1990, Bertelsen 1997).

Nematodes can be expected to be present in the
water column without a preceding suspension event.
This was evident as nematodes kept being collected
in settling traps despite the lack of the suspending
events, necessary for explaining the nematodes
presence in the water (Hagerman Jr. & Rieger 1981,
Palmer & Gust 1985). This is contradictory to earlier
predictions. They would have had the nematodes to
settle out, given a sufficiently long period of calm
weather preceding the sampling event, due to their
settling velocities (Hagerman Jr. & Rieger 1981,

Palmer 1983, Shanks & Edmondson 1990, Bertelsen
1997). There was no difference in abundance
between different times of the day, only a difference
between depths. Community composition did also
differ between ambient nematodes and settled
nematodes as might have been expected, but there
was also a difference between depths. The difference
in composition between depths was largely
attributed to the eight following genera down to the
chosen cut off value of 50%, Anoplostoma 12.27,
Desmolaimus 9.29, Oncholaimellus 8.08,
Cyatholaimus 5.86, Chromadorita 5.36,
Unidentified 4.50, Thalassomonhystera 4.44,
Sphaerolaimus 4.07, where the number is the
contribution to the total variance by the genus. It
also became evident that there was a clear difference
in size of the nematodes in the treatments, where
exact size measurements are pending.

For nematodes dispersing in turbulent conditions
and subsequently colonizing patches with different
concentrations and size classes of the small bivalve
Macoma baltica, and area coverage of benthic algae,
there were significantly different densities of
nematodes in the various treatments. In the density
experiment there were significant differences at the
0, 1 and 16 Macoma densities, which were different
from the remaining treatments. The genera making
up the difference between treatments were Theristus,
Chromadorita, Paracanthonchus, Cobbia and to a
lesser degree, Trichotheristus. The size and organic
enrichment experiment showed that nematodes were
much more abundant in the two controls, controls
with organic enrichment and controls lacking
organic enrichment, in contrast to major taxa and
copepods which did not show any differences
between treatments.

Discussion

In the subtidal environments, the most common
mode of dispersal is likely to consist of
sinusoidal, active movement in the interstitial
spaces, or through the sediment if the sediment
is fine grained, due to a perceived lack of
suspension events. However, disturbance events
in the deep-sea, called storm events, is not a too
rare an occasion (Thistle 1988, Woodgate &
Fahrbach 1999, Lambshead et al. 2001) to
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warrant interest for dispersal implications. It
might be that suspension events are more
common in subtidal habitats than is presently
believed, which might help explain some of the
wide distribution areas found in some deep-sea
nematodes (Jensen 1992).

On a much smaller scale, disturbance by
macrofaunal organisms are known to affect the
benthos in many ways (Ólafsson 2003). What
direction and magnitude that the disturbances
will have on meiofauna and nematodes in
particular, are hard to predict. Because,
sometimes the disturbance has negative impact
(Aarnio et al. 1998, Tita et al. 2000) and
sometimes no apparent impact at all (Austen &
Thrush 2001) while at other occasions can have
beneficiary results (Reidenauer 1989).

In our study (Ullberg & Ólafsson 2003b),
effects of different concentrations of the
crustacean Monoporeia affinis (Amphipoda) on
nematode dispersal rate were lacking. We had
predicted that if nematodes were going to be
affected at all, a higher concentration of
amphipods would lead to higher dispersal rates.
There was no such change in dispersal rate of
the nematodes, irrespective of amphipod
density. This small-scale study < 1 m, give that
amphipods do not influence migration rates in
nematodes over short distances. Further, there
seem to be no effect of amphipods on nematode
community composition between treatments
either, as Ólafsson & Elmgren (1991) also
noted in their experiment. The only differences
we did find were between the sampled
distances, both numerically and in community
composition. In some instances, there were
clear differences within species between
distances. The difference in nematode
community composition between the distances
10 and 36 cm might be due to the plasticity of
nematode assemblages where different species
react differently to the environment (Rice &
Lambshead 1994). It could be that distances 0
and 10 are similar, but not similar enough to
affect the results, and the same would then
apply to distances 23 and 36 cm as well.

A common feature in nematodes in general
seem to be that they often have clumped
aggregations, which are thought of as being
caused by food availability (Gerlach 1977, Lee
et al. 1977, Ólafsson 1992, Ansari & Gauns
1996, Fabiano & Danovaro 1999, Neira et al.
2001). For nematodes in the water column, an
ability to influence the location of re-entry to
the sediments whould enable them to take
advantage of the patchy distribution of food in
the sediments. That some nematodes actually
can make use of such an advantage has been
shown in a laboratory investigation (Ullberg &
Ólafsson 2003b). The ability to choose was
inferred as to depend on an ability to swim. Not
only did the nematodes differ in which genera
that were able to choose, they also differed in
size. Nematodes that were most proficient in
influencing the settling spot, and thereby take
advantage of qualitatively better sediment, were
shorter, lighter and thinner than the remaining
nematodes (Ullberg & Ólafsson 2003b).

Nematodes suspended into the water column
that do not perceive the presence of attractive
sediment patches might benefit from being able
to prolong their presence in the water column
until they receive such a positive stimuli.
Nematodes have been found to be able to
extend their presence in the water column far
longer than would have been predicted by
known settling velocities (Palmer 1983, Shanks
& Edmondson 1990, Günther 1992, Bertelsen
1997) and in relation to hydrodynamic aspects
such as turbulence. Wetzel et al. (2001) found
increased abundances of nematodes in the water
column during a period of severe hypoxia. The
high nematode abundance later returned to
normal levels when the oxygen levels in the
sediments returned to normal. In Paper II, I
found that nematodes continued to settle out of
the water column despite any previous
suspension event that could explain there
presence there. It is speculated that this ability
to remain in the water column, is influenced by
an ability to swim.

Indirect evidence indicate that for nematodes
dispersed in a water column and experiencing
turbulence when settling into a multi-choice of
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microhabitats, similar results can be achieved as
for nematodes settling in non-turbulent water.
In Paper IV, settling containers with zero, or
low abundance of Macoma baltica had a close
to 100% surface cover of benthic algae
compared to treatments which a high density of
M. baltica. The algal mat partly consisted of the
diatom Amphipleura rutilans which was the
algae constituting the algal material added to
the benthic treatment in Ullberg & Ólafsson
(2003b). There was also a distinct, positive
correlation between algal cover and number of
nematodes. The most abundant nematodes that
also contributed most to the difference between
low and high densities of Macoma have
similarities with the nematodes that choose the
benthic treatment in Ullberg & Ólafsson
(2003b). Theristus, Chromadorita and Cobbia
were all common in the jars withot clams and

were also common in the benthic treatment in
the earlier settling study. Paracanthonchus
showed a similar trend, although it was not
statistically tested, while for Trichotheristus
that contributed to the dissimilarity plot in the
MDS, the pattern is less clear. In Ullberg &
Ólafsson (2003b) Trichotheristus was not very
abundant in the non-benthic treatments, but
very consistent in that it never occurred in the
benthic treatment. The result in Paper IV thus
support the findings made in Paper III, in that
the same small genera again have shown that
they are able to choose settling spots when
descending towards the bottom. Further studies
are warranted however, in order to better
understand the mechanisms governing
nematode dispersal and their influence on
nematode distribution.
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