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Dispersal timing determines the importance of
priority effects in bacterial communities
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The order and timing of species arrival during community assembly can have long term effects on
community structure due to priority effects. The importance of such processes in complex bacterial
communities where dispersal involves mixing of entire communities is currently not known. Here we
used a transplant experiment with two bacterioplankton communities of different origin (freshwater
and brackish). Sterile medium of each origin was initially inoculated with a bacterial community of
different (‘alien’) origin, followed by dispersal of the respective ‘home’ community at different time
points after initial inoculation. We found that the later the dispersal with the ‘home’ community
occurred the smaller the effect on the final community composition. This suggests that priority
effects by the initially inoculated community reduce the establishment success of taxa from the later
arriving community and that this effect depends on dispersal timing.
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The order and timing of species arrival during
community assembly can have long term effects on
community structure and functioning due to priority
effects (Fukami et al., 2010; Dickie et al., 2012).
Priority effects emerge when a species that arrives
early exhausts or modifies available resources, and by
that affects the establishment success of later arriving
species (Shulman et al., 1983; Fukami, 2015). In
addition, rapid adaptation of communities to new
environmental conditions (Rainey and Travisano,
1998; Fukami et al., 2007) might further enforce
priority effects (De Meester et al., 2016). Priority
effects are potentially important wherever and when-
ever empty niche space becomes available (for
example, during or after a disturbance; Fukami, 2015).

Experimental work has primarily been done with
relatively simple model communities, and showed that
priority effects are important for different organisms
(Jiang and Patel, 2008; Altermatt et al., 2011; Hiscox
et al., 2015). Although dispersal of single species that
arrive in a location with clearly separated arrival
sequences is possible, dispersal events in bacterial
communities in nature are complex and involve
mixing or coalescence of entire communities (Rillig
et al., 2015). Since it is possible that single and
multiple species invasion models give different results
(Hewitt and Huxel, 2002), conclusions derived from
work on simple model communities do not allow to

make predictions about priority effects in complex
natural communities. Therefore, we investigated the
role of priority effects in bacterial communities of
natural origin in a microcosm experiment in batch
culture mode. We used water and their respective
bacterial communities from 2 habitats that differed in
environmental characteristics (lake water vs. brackish
water from the Baltic Sea). Here the basic assumption
is that communities from different origins are adapted
to their respective environmental conditions. For both
habitats, we prepared sterile medium as well as a
bacterial inoculum and subsequently inoculated each
medium with each inoculum (for full methods, see
Supplementary Information). Thus, each medium was
inoculated with an ‘alien’ community (that is, lake
bacteria in brackish medium and vice versa) and
inoculations with ‘home’ communities in their respec-
tive media (for example, lake bacteria in lake medium)
served as controls. Following, we manipulated the
timing of dispersal events with ‘home’ bacteria at
constant rates 0, 6, 12, 24, 48, 72 and 96 h after the first
inoculation, to all treatments (except 2 treatments
which did not receive any dispersal—‘WD’ treat-
ments). Community composition was determined by
Illumina sequencing of the 16 S rRNA gene 1 and
2 weeks after the first inoculation (see Supplementary
File for details). We hypothesize that (1) priority effects
reduce the establishment success of taxa from the later
arriving community. Hence, the stronger the priority
effect, the greater the difference between cultures
inoculated with ‘alien’ communities and their respec-
tive ‘home’ cultures (that is, controls); (2) the impor-
tance of priority effects depends on dispersal timing so
that dissimilarities of ‘alien’ compared to the ‘home’
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communities should be the greater the later the
dispersal with the ‘home’ community occurs
(Figure 1).

Regarding our first hypothesis, the ‘WD’ treat-
ments in most cases had a greater dissimilarity
compared to the dispersal treatments (Figure 2). This
shows that dispersal by the potentially better

adapted ‘home’ communities had the ability to
influence community structure significantly. How-
ever, priority effects were nevertheless always strong
enough to prevent complete convergence of the
community mixes towards the ‘home’ communities
(that is, Bray–Curtis dissimilarity40, Figure 2). In
general, priority effects were weaker (that is, smaller
Bray–Curtis dissimilarities) in the brackish com-
pared to lake medium (Wilcoxon paired test:
Po0.0001) and after two compared to one week
after inoculation (Wilcoxon paired test: Po0.0001;
Figure 2). A possible explanation for the former
could be that the brackish communities harbor a
larger stock of freshwater bacteria as a result of the
influx of freshwater bacteria via rivers and salt
tolerant bacteria than vice versa. Accordingly,
brackish communities have been shown to reach
similar carrying capacities compared to the ‘home’
community (see Supplementary Information and
Langenheder et al., 2003) and this higher versatility
may therefore have resulted in overall greater
dissimilarities in the freshwater medium.

In support of our second hypothesis, we found that
the dissimilarities of treatments inoculated with ‘alien’
communities compared to the respective controls
were the greater the later the dispersal with the ‘home’
community occurred (effect of dispersal timing of
‘home’ communities: Permanova pseudo-F=7.215,
Po0.0001; see Supplementary Table 3 for pair-wise
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Figure 1 Conceptual figure showing three possible scenarios for
the relationship between the dissimilarity of cultures inoculated
with ‘alien’ compared to ‘home’ communities in dependence of
the time of dispersal by the ‘home’ community: (a) a weak priority
effect results in negligible differences between communities; (b) a
strong priority effect dampens the establishment success of taxa
from the later arriving community resulting in substantial
difference between communities; (c) the importance of priority
effects depends on dispersal timing so that dissimilarities between
communities should be the greater the longer the time-lag between
inoculation and dispersal with the ‘home’ community.
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Figure 2 Dissimilarities of cultures initially inoculated with ‘alien’ communities compared to those inoculated with their respective
‘home’ communities (that is, controls) for Baltic (a, c) and lake (b, d) medium 1 (a, b) and 2 (c, d) weeks after initial inoculation. Individual
box-plots represent the timing of the dispersal events with ‘home’ bacteria (‘WD’—treatments without dispersal of ‘home’ community).
Values of dissimilarity significantly different from ‘WD’ (Mann–Whitney test Po0.05) are indicated with asterisks. r and the P-values from
linear correlations (computed without ‘WD’ treatments) are indicated in the graphs.
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comparisons; Figure 2). This suggests that priority
effects were the stronger the later the dispersal with
the better adapted ‘home’ community occurred
(potentially as a result of competition for limited
resources). Moreover, the effect of dispersal timing
was stronger after 2 compared to 1 week (Figure 2).
Hence, even though priority effects overall tended to
decrease with time (see above), they remained stronger
at the later time point in treatments where ‘alien’
communities were given more time to establish before
the dispersal with the ‘home’ community occurred.
However, longer experiments than 2 weeks are needed
to differentiate whether the effect of priority effects on
community structure are permanent or transient
(Fukami, 2015). Moreover, also higher dispersal rates
than those applied here (~20%) may in principle
overrule the priority effects due to mass effects (De
Meester et al., 2016), even though there is no evidence
that this is the case (Pu and Jiang, 2015).

To conclude, previous studies have shown that
high dispersal rates in combination with local
environment influence the composition of natural
bacterial communities (Lindström and Östman,
2011; Souffreau et al., 2014; Evans et al., 2016; Zha
et al., 2016). Moreover, recent studies have pointed
out the importance of an historical perspective on
bacterial community assembly (Andersson et al.,
2014; Vass and Langenheder, 2017). Our study
shows for the first time that the timing of community
coalescence events can have a pronounced influence
on community structure due to priority effects,
which stresses the importance of dispersal history
for community assembly. Future studies including
longer time-periods as well various environmental
gradients and dispersal rates should now be done to
ascertain the generality of priority effects in natural
bacterial communities we observed here.
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