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The crustacean zooplankton Daphniais a primary consumer and functions as a keystone species to maintain
equilibrium of a freshwater ecosystem. Therefore, changes in the life history traits of D. magna such as
population size and longevity cause great impacts on the ecosystem. These ecologically important traits are
known to be affected by physical factors such as pH, temperature and photoperiod. Symbiosis, a biotic factor
showing the interaction between different biological species, affects the life history traits of many animal
species. In Daphnia, a metagenomic study revealed the profiles of the symbionts (Qi et al., 2009). However,
studies concerning symbiosis in zooplankton, including Daphnia, are still limited and the direct functional
relationship between Daphnia and bacterial symbionts is unknown. Here, I aim to clarify the role of symbiotic
bacteria on Daphnia’s life history traits.

To study the role of symbiotic bacteria in population size and longevity of Daphnia, the removal of the
coexisting bacteria in Daphnia was necessary. By disinfection of the Daphnia embryos with glutaraldehyde,
aposymbiotic Daphnia were prepared and cultured under bacteria-free conditions. The success of the removal of
bacteria from the Daphnia was monitored by quantitative polymerase chain reaction for bacterial 16S rRNA
gene.We first observed that the population of aposymbiotic Daphnia was reduced 10-folds compared to that of the
symbiotic Daphnia. More importantly, the re-infection of Daphnia with symbiotic bacteria caused the
aposymbiotic Daphnia to regain bacteria and increased their fecundity to the level of the control Daphnia,
suggesting that symbiotic bacteria regulate Daphnia fecundity. We then observed that the mean longevity was
not significantly different between aposymbiotic and symbiotic Daphnia. Finally, in order to identify the species of
symbiotic bacteria in the re-infected and control Daphnia cultures, the 16S rRNA genes of bacteria in both types
of Daphnia were sequenced. Interestingly, this revealed that 50% of the sequences in both types of Daphnia
cultures belonged to the Limnohabitans sp. of the Betaproteobacteria class, which is known as a major
bacterioplankton that lives in global freshwater ecosystems.

To investigate the missing link between D. magna and its dominant bacterial symbiont Limnohabitans,
aposymbiotic juvenile Daphnia were prepared and exposed to four Limnohabitans sp.—Limnohabitans strains
DM1 (V. Kasalicky, unpublished), 2KL-3, 2KL-7 (Kasalicky et al, 2013), and Limnohabitans planktonicus strain
1I-D5 (Kasalicky et al, 2010) — all previously found in D. magna digestive tract or culture. The re-infected
Daphnia were cultured until they produced the first clutch of juveniles, and the viability of the juveniles was
observed. The Limnohabitans DM1 strain and L. planktonicus I1-D5 strain successfully re-infected Daphnia
through single exposure at the first instar juvenile stage. In contrast to aposymbiotic Daphnia, which produced
non-viable juveniles, the re-infected Daphnia produced viable juveniles and exhibited increased fecundity to
levels of that of the control Daphnia. The Daphnia re-infected with Limnohabitans 2KL-7 and 2KL-3 strains could
not recover fecundity even after multiple exposures to these strains during culture. This study shows the
functional evidence demonstrating that a single type of Limnohabitans bacterium regulates fecundity of Daphnia
through symbiosis.

Here, a method for preparation of aposymbiotic Daphnia was established, which allowed me to analyze the
role of symbionts on Daphnia’s life history traits. The results revealed that bacterial symbionts not only enhance
population size of Daphnia but also that a dominant symbiont, Limnohabitans, competently regulates the
population of Daphnia by enhancing the production of viable juvenile Daphnia. Limnohabitans sp. and Daphnia
had previously been treated as separate functional units in aquatic food webs that contribute to carbon transfer to
higher trophic levels. This study may provide us new insight that there is a novel symbiotic relationship between

bacterioplankton and zooplankton for driving trophic cascade in freshwater ecosystems
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