Control of biofilms by dispersal

this further supports the conclusion of an independence of
the observed protozoan biofilm communities from immi-
gration after the initial colonization of the substrate has
been completed, and the local steady-state abundance is
reached (see Kiorboe et al. 2004 for a similar finding for the
flagellate N. designis).

Regarding the taxonomic composition, the development of
the community composition in experiment III followed the
general pattern of a domination of a few species in early and
late succession stages and a higher diversity in mid-stages
(Mouquet et al. 2003; Fukami 2004). Some members of the
Metakinetoplastina such as N. designis (which occurred
frequently in the experiments) are known as typical “pelag-
ic-benthic species” (Arndt et al. 2000), which frequently
colonize aggregates in the water column and thus have
potentially high dispersal rates; Metakinetoplastina indeed
seemed to be supported by a high immigration potential in the
initial phase and subsequent growth in the exponential phase.
Sessile Chromulinales on plasma threads (Spumella sp.)
contributed more to communities with enhanced resources
(especially in the initial phase and after reaching the
equilibrium), suggesting a successful exploitation of the added
planktonic bacteria (Christensen-Dalsgaard and Fenchel
2003). Furthermore, elevated rates of increase in the 33%
treatments in the exponential phase could be due to the
generally higher proportion of other (apart from Metakine-
toplastina) groups, allowing for a higher productivity by a
more diverse resource exploitation (Venail et al. 2008).

Contribution to metacommunity framework—The meta-
community concept (Leibold et al. 2004) offers a theoretical
framework for studying the effects of dispersal on local and
regional scales and has recently been introduced into biofilm
research (Battin et al. 2007). With our present approach we
considered local biofilm patches and manipulated the
immigration potential from the plankton, over which local
biofilm patches are linked by dispersal. One perspective, i.e.,
the species-sorting perspective (Leibold et al. 2004), empha-
sizes that although the species number entering a local patch is
dispersal controlled, the relative composition in that patch is
mainly controlled by the local conditions. In such communi-
ties, dispersal only plays a role if the local conditions change.
The results of all present experiments support this perspective
for ciliate and HF communities in biofilms, as differences in
the final community composition and abundance were mainly
controlled by the resource availability (i.e., patch quality), not
by the immigration potential.

In contrast to our initial hypotheses, only a few species-
specific dispersal effects occurred in the three experiments
(at least after the initial colonization was completed). These
findings are in agreement with Hubbell’s neutral theory
(Hubbell 2001), which is based on the assumption that all
species in a community are similar in their competitive
ability, movement, and fitness. Therefore, only disturbanc-
es (which could occur in our experiments because of
predatorial protozoans, but probably at a low intensity due
to the exclusion of the grazing macrofauna) and random
relocations (which were possible, but may only have
stretched over short distances, i.e., within a particular flow
cell) would have the power to alter the species frequencies
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of the communities. Such processes then lead to open
spaces that can be colonized by immigrating species (Shurin
2001). Field communities often experience high disturbance
rates, e.g., through sediment rafting and river bed discharge
(Gibbins et al. 2007) or due to grazing (Hillebrand 2008),
and depending on the recolonization source (i.e., the
surrounding biofilm or the water column), founder effects
could then lead to different communities. Since the present
study clearly showed immigration effects on the early
biofilm development, disturbance should be emphasized in
studies on the dispersal effect on biofilms as a next step.

Together, the results of the three experiments demon-
strate a limited effect of immigration on the mature
biofilm-dwelling ciliate and HF communities, and highlight
the importance of local factors, particularly resource
availability (see also Mouquet et al. 2003; Cadotte et al.
2006). Significant immigration effects, which occurred in
the early stage of succession in experiment III, were
compensated for during the exponential phase, probably
by density-dependent growth. The results thus suggest that
immigration by planktonic HF and ciliates into biofilms is
of quantitative importance only when open spaces exist, as
achieved for example by disturbance.
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