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Abstract
The long-term persistence of the ‘ancient asexual’ bdelloid rotifers, a clade of small aquatic invertebrates, is often tied to their
ability to enter anhydrobiosis. This ability has both clear benefits (e.g. survival of desiccating conditions), but offers considerable
costs (e.g. subsequent repair of the genome as well as physiological and metabolic costs to re-establish the phenotype). Despite
these costs, several studies show that the time spent dry is effectively ignored with respect to life expectancy (the Sleeping Beauty
hypothesis) and that reconstruction of the genome after a desiccation event might even be necessary to repair mistakes accumu-
lated in it from obligate parthenogenesis while the animals were active. We propose that this genomic repair might not derive
exclusively because desiccation per se, but could also result from genetic exchange that appears to occur between individuals
during this time. By comparing individuals of Philodina roseola Ehrenberg, 1832 desiccated in groups versus individually, we
document costs to desiccation in the isolated treatment group that impact negatively on lifespan and reproduction. In addition,
comparing both groupswith continuously active individuals reveals no strong evidence for the Sleeping Beauty hypothesis in this
species nor any decline in fitness over a six-month period for the latter group. Finally, many treatment effects are at least partly
heritable and were found in the untreated F1 generations. In particular, individuals desiccated in groups and their offspring could
both reproduce faster than the offspring of continuously active individuals. Thus, our results offer additional support for the
hypothesis of genetic exchange occurring during desiccation events in P. roseola and highlight the importance of considering this
factor, and desiccation in general, in explaining bdelloid fitness. Moreover, our results provide additional context for understand-
ing how the genetic information of bdelloids is ultimately shaped.
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Introduction

Bdelloid rotifers are a clade of small, aquatic invertebrates that
inhabit a diverse range of water bodies including unstable,
desiccation-prone habitats like mosses or soil (Ricci and
Fontaneto 2009). Their status as an ancient, asexual taxon
(Arkhipova and Meselson 2000; Welch and Meselson 2000,

2003; Welch et al. 2004a, b) has long puzzled evolutionary
biologists. Compared to (facultative) sexually reproducing
organisms, the absence of sexual recombination should
make bdelloids more vulnerable to the accumulation of
deleterious mutations (Keightley and Eyre-Walker 2000)
and the lower levels of standing genetic variation should
make them less able to adapt to changing environments
(Otto and Lenormand 2002; Goddard et al. 2005).

Instead, the long-term success of the group (at least 35
million years; Poinar and Ricci 1992; Eyres et al. 2015) is
often tied to most species being able to withstand desiccation
through anhydrobiosis (Rice and Friberg 2007), where indi-
viduals at any life stage undergo morphological and physio-
logical changes to adopt a characteristic tun-shaped xerosome
(Marotta et al. 2012; Wallace et al. 2015) that enables survival
for several weeks (Caprioli and Ricci 2001). Apart from the
immediate benefit of surviving a hostile environment, desic-
cated individuals can also undergo wind dispersal to
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potentially found new populations (Rivas Jr. et al. 2018). In so
doing, dispersal can act as a form of adaptation: individuals
can potentially escape unfavourable circumstances in space
and time to fortuitously colonize habitats that might be more
suitable for their genetic makeup (Bohonak and Jenkins 2003;
Wilson and Sherman 2010; Wilson 2011). Nevertheless,
anhydrobiosis has considerable costs. During this process,
the genome is initially shattered to pieces and the resulting
double-stranded breaks must be repaired upon rehydration, a
potential source of harmful mutations and structural rear-
rangements that could impair gene function (Vilenchik and
Knudson 2003).

However, Ricci et al. have argued that these costs are low in
that the time spent desiccated does not count against the
lifespan of an individual and is, in effect, simply ignored
(Ricci and Caprioli 2005; Ricci and Covino 2005; Ricci
et al. 2007). This ‘Sleeping Beauty’ hypothesis also extends
beyond desiccation to include other stressful events including
starvation, freezing and anoxia (Ricci 2016). More surprising,
however, is the contention of Ricci et al. (2007) that desicca-
tion might be necessary to maintain the long-term genetic
integrity of bdelloids. Ricci et al. (2007) observed that fitness
components in continuously active (i.e. constantly hydrated),
clonal lines of the bdelloid rotifers Adineta ricciae and
Macrotrachela quadricornifera declined progressively over
time, but were reset to normal levels after the populations were
desiccated at least once. Thus, they postulated that repair of
double-stranded DNA breaks during rehydration, a suspected
ability that was only verified subsequently for bdelloids
(Gladyshev and Meselson 2008; Gladyshev and Arkhipova
2010), acts simultaneously to proofread the genome,
correcting errors that have accumulated via the uninterrupted
parthenogenesis of an extended active phase (e.g. through
mutation or epigenetic effects; Ricci et al. 2007).

An alternative (or additional) explanation for these obser-
vations derives from increasing, albeit indirect, evidence that
bdelloids sporadically undergo limited genetic exchange, ei-
ther as meiotic sex (Signorovitch et al. 2015) and/or via low
levels of horizontal gene transfer (HGT) by incorporating en-
vironmental DNA into the genome during its reconstruction
after a desiccation event (Gladyshev et al. 2008; Boschetti
et al. 2011; Flot et al. 2013; Eyres et al. 2015; Bininda-
Emonds et al. 2016; Debortoli et al. 2016; but see Wilson
et al. 2017). BecauseHGTevents are postulated to occur when
bdelloids are desiccated in groups (as was the case in Ricci
et al. 2007), but not individually, the animals can act recipro-
cally as DNA donors to facilitate limited, indirect genetic ex-
change (Bininda-Emonds et al. 2016). Moreover, because this
exchange results in an increased variance in fitness of untreat-
ed offspring (Bininda-Emonds et al. 2016), the results of Ricci
et al. (2007) could obtain from differential selection on the
offspring instead of, or in addition to, any repair processes
during the attendant genome rebuilding following desiccation.

Our proximate goal in this paper is to examine the degree to
which continuous, but low levels of HGT/genetic exchange
now postulated to occur in bdelloids can account for the phe-
nomenon observed by Ricci et al. (2007). Specifically, we
tested whether individuals of Philodina roseola desiccated in
isolation show the same positive fitness effects as those des-
iccated in groups. If the exchange of DNA is needed to mask
costs of extended parthenogenesis and desiccation, as well as
to perform repairs to the genome, then positive effects
should be present (or more strongly present) in the
group desiccation treatments. However, if desiccation
itself acts as a ‘genomic tune-up’ as Ricci et al. (2007) propose
(or has no positive effect whatsoever), then no significant
difference between the two treatments is expected. Finally,
by comparing data from treated animals and their untreated
offspring, we hope to discern between immediate and
heritable costs.

In so doing, our experiments also address two additional
hypotheses for bdelloid rotifers. First, we will verify whether
individuals in continuously active populations of P. roseola
lose fitness over short timespans (i.e. months), such that the
populations should effectively be excluded from permanent
waters—their natural habitat (Ricci 1998)—where individuals
cannot undergo desiccation to repair their genomes (Ricci
2001; Ricci et al. 2007; Ricci and Fontaneto 2009). Second,
the data we recorded for both organismal (total and active) and
reproductive lifespan will test the Sleeping Beauty hypothesis
that no appreciable cost to anhydrobiosis exists beyond sur-
viving the process in the first place in this species.

Materials and methods

Rotifer and algal cultures

All P. roseola individuals descended from a small group of
animals obtained at the end of 2009 that were derived from a
single embryo in 1989. As such, the population is likely no
longer clonal, although we posit that the amount of standing
genetic variation is very small. The population was initially
fed Escherichia coli, but was switched to Cryptomonas sp.
SAG 26.80 upon being obtained by us. Algae were cultivated
under continuous illumination (13W/840 Osram Daylight ne-
on tubes; Osram; Garching, Germany) in 500-mL Erlenmeyer
flasks with COMBO medium (Kilham et al. 1998), whereas
P. roseola were cultivated under a 9/15-h light/dark regime in
ten different 90 × 15mmplastic Petri dishes at 20 ± 1 °C. Each
week, around 50 to 75 of the largest, subjectively most robust-
looking individuals were transferred to new Petri dishes using
a glass pipette. Individuals from different Petri dishes were
mixed periodically to maintain fitness as much as possible in
the continuously hydrated, stock culture. Algal density was
maintained at roughly 1 × 106 cells mL−1.
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Experimental procedure

To measure declines in fitness of the stock culture, we took
five samples from it at time intervals of 1 to 3 months, with the
last trial commencing 6 months after the first. Each time sam-
ple comprised batches of equally aged individuals of
P. roseola generated by transferring about 100 (trials 1–3) or
300–400 eggs (trials 4 and 5) laid in the stock culture on a
particular day to a single, new Petri dish containing fresh
medium with algae. Individuals were raised in the Petri dish
until an age of 8 days to ensure that all were sexually mature
before the experiments started.

From these populations, the largest and most robust
looking individuals (to exclude any damage incurred during
the transfer of eggs) were assigned randomly to one of three
treatment groups—hydrated in isolation, desiccated in isola-
tion, or desiccated in groups of 10 (trials 1–3) or 12 (trials 4
and 5)—and transferred to 24-well flat-bottom plates
(Falcon© 353,935; Corning; Wiesbaden, Germany), with
each well containing 1 mL of COMBO medium with algae.
As such, rotifers in the isolation treatments had a dispropor-
tionately greater food supply on a per individual basis; how-
ever, this factor does not appear to have any desiccation-
related consequences in P. roseola (Ricci et al. 2004).
Desiccation treatments followed protocol D of Ricci et al.
(2003), with a 1-cm2 piece of KIMTECH Science© delicate
task wipe (Kimberly-Clark GmbH; Koblenz, Germany) being
added to each well before being followed by 7 days of desic-
cation in a humido-thermostatic chamber (trials 1–4: Snijders
scientific B.V. ECP01E (Snijders Labs; Tilburg, the
Netherlands); trial 5: a custom-built chamber from the
University of Oldenburg workshops). Thereafter, 1 mL of
fresh medium with algae was added to each well to initiate
rehydration. After 24 h, rotifers from all three treatment
groups were transferred individually to new wells each con-
taining 1 mL of medium and fresh algae. Individuals in the
continuously active treatment group entered the trial phase
directly after 24 h such that individuals in all treatment groups
had the same active lifespan.

Fitness was measured as the number of offspring laid by
each individual over its lifespan. Eggs were counted every
24 h and removed from the well. Trials ended once all indi-
viduals in a treatment group had died or, in the case of trial 4,
after no eggs were laid for 1 week. For those treatment groups
involving desiccation, eggs present in the original wells and/or
on the task wipe within them were also included for compa-
rability with the continuously active treatment. For P. roseola
individuals desiccated in groups, we calculated the average
number of offspring across all individuals until the end of
desiccation because we could not determine how many eggs
any given individual laid. Because the average also includes
individuals that died during the desiccation process, it repre-
sents a conservative estimate of per individual fitness for this

time. This average was then added to the number of eggs laid
thereafter in isolation to determine the total reproductive out-
put for each individual.

Finally, for trial 5 only, the effect of the treatments on the
reproductive output of the untreated F1 generation were also
measured. F1 individuals were obtained by transferring one
egg from each parent (i.e. from each well) to a new plate, with
the egg being taken on the fourth day after treatment for the
continuously active group or on the third day after the transfer
to the final well for the two desiccated groups. Thereafter, the
total number of eggs for each individual (parental and F1
generations) was counted in a similar manner as above. All
F1 individuals were continuously hydrated throughout the ex-
periment such that treatment effects would have to be
inherited from the parental generation.

Statistical procedure

The comparison of the overall mean of reproductive output
across all 5 trials used a general linear mixed model (GLMM)
to exclude random effects between treatment groups in com-
bination with Tukey contrasts to control for multiple compar-
isons. Variation between trials was analysed with ANOVAs
for each treatment group. Additionally, lifespan and duration
of reproduction were each compared using another GLMM to
again exclude random effects between treatment groups; trial
4 was excluded from these analyses because of the differing
circumstances under which it was terminated (see above).
Finally, differences between treatments in the untreated F1
generation (trial 5 only) were analysed using general linear
models (GLMs), again with Tukey contrasts to control for
multiple comparisons. All statistical tests were computed in
R 2.12.0 (R Development Core Team 2005).

Results

The impact of desiccation on fitness and longevity

In contrast to Ricci et al. (2007), no continual decline in fitness
(i.e. mean number of eggs laid) within a continuously active
population of P. roseola individuals was observed over a pe-
riod of 6 months (Table 1). Instead, individuals from this pop-
ulation showed a high and significant amount of variation
among the five time points (F4,196 = 9.283, P < 0.0001). In
addition, over all trials, no significant difference in average
fitness was present between this treatment and that comprising
animals desiccated in groups (Z229,201 = − 1.220, P = 0.441;
Fig. 1), with the latter treatment also displaying significant
variation between trials (F4,224 = 6.116, P < 0.001). By con-
trast, individuals of P. roseola desiccated in isolation showed
differences to both other treatment groups: their average fit-
ness over all trials was reduced significantly (vs. continuously
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active individuals: Z162,201 = − 3.741, P < 0.001; vs. those des-
iccated in groups: Z162,229 = − 2.599, P = 0.025) and no signif-
icant variation in average fitness among the trials was present
(F4,157 = 0.268, P = 0.898; Table 1).

Significant differences in lifespan between treatment
groups across all trials were generally absent, regardless if
time spent desiccated was included or not (= total vs. active
lifespan, respectively; Tables 2 and 3). The only significant
difference found was that animals desiccated in groups had
significantly shorter active lifespans than did those that were
continuously active. A similar tendency for animals desiccat-
ed individually was also observed, although it was marginally
non-significant.

Reproductive lifespan (i.e. excluding time spent desiccated
when no eggs can be laid; Table 4) is significantly shorter in
desiccation treatments (individually desiccated vs. continu-
ously active: Z162,201 = − 4.231, P < 0.0001; desiccated in
groups vs. continuously active: Z162,229 = − 3.135, P =

0.0049), but did not differ between these two treatments (des-
iccated in groups vs. individually desiccated: Z229,162 = 1.282,
P = 0.405). Thus, animals in the group desiccation treatment
also laid their eggs significantly faster than did those in the
continually active treatment, given that both groups laid equal
numbers of eggs (see above).

Heritable effects of desiccation on the untreated F1
generation

Like their parents, untreated F1 of parents desiccated in
groups laid as many eggs as those from continually active
individuals (T = − 1.323, P = 0.384) and had significantly
shorter reproductive (Z = − 4.504, P < 0.0001) and total
lifespans (T = − 4.715, P < 0.0001). Similarly, the reproduc-
tive output of the F1 of parents desiccated in isolation was
reduced significantly (vs. continuously active: T = − 5.717,
P < 0.0001, vs. desiccated in groups: T = − 4.175, P =
0.00013). However, their reproductive (T = 0.308, P = 0.95)
and total lifespans (T = − 1.598, P = 0.248) both remained
comparable to those of continually active individuals and thus
significantly higher than those of the F1 of parents desiccated
in groups (reproductive: T = 4.522, P < 0.0001; total lifespan:
T = − 2.915, P = 0.0011).

Discussion

Although the overall timeframe of our experiments was only
half that of Ricci et al. (2007) (12 vs. 6 months), no decline in
fitness in the continuously active treatment occurred over that
time, despite already being clearly apparent in their results
after 4 months. Several possible explanations exist for these
differing results. First, Ricci et al. (2007) measured fitness as a
combination of six different variables of which only three
were individually examined here: number of eggs laid, repro-
ductive lifespan and (total or active) lifespan. Although we
placed greater importance on the number of eggs laid as our
proxy for fitness, both desiccation treatments showed at least

Table 1 Reproductive output of Philodina roseola subdivided
according to treatment and measured as the average number ± standard
deviation of eggs laid (starting date of trials given in parentheses). For
trial 5, values for the treated parental generation and its untreated F1

generation (total reproductive output) are given. The numbers of
individuals for each data point are given in parentheses and excludes
individuals that died during desiccation, were lost during transfer or
could not deposit eggs

Treatment Trial 1 Trial 2 Trial 3 Trial 4 Trial 5

(February 17, 2010) (February 25, 2010) (March 9, 2010) (May 5, 2010) (August 11, 2010)

Parental generation Untreated F1 generation

Continuously active 26.4 ± 6.3 (12) 23.6 ± 4.4 (24) 24.0 ± 6.0 (23) 25.4 ± 3.2 (46) 28.7 ± 5.0 (96) 30.6 ± 6.3 (83)

Desiccated in isolation 21.0 ± 6.1 (17) 21.5 ± 3.7 (13) 20.1 ± 5.7 (16) 21.8 ± 3.8 (31) 21.1 ± 6.2 (85) 23.7 ± 6.3 (67)

Desiccated in groups 27.7 ± 6.5 (29) 25.4 ± 3.6 (27) 22.9 ± 6.5 (20) 21.7 ± 6.4 (65) 24.2 ± 5.5 (88) 30.0 ± 8.8 (67)
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Fig. 1 Average number of eggs laid after reaching 8 days of age by
individuals of Philodina roseola subdivided according to treatment
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tendencies toward reduced reproductive and active lifespans,
which arguably translates to increased fitness of the
continuously active animals. Second, although Ricci et al.
(2007) observed the effect in two species from different gen-
era, it might be species specific and does not occur in
P. roseola. Unlike A. ricciae and M. quadricornifera,
P. roseola inhabits more permanent aquatic habitats (Ricci
1998) and so might be adapted to show lower rates of fitness
loss between the more infrequent desiccation episodes.
Indeed, the results of Ricci et al. (2007) indicate that the effect
strength was inconsistent and weaker for M. quadricornifera.
Finally, our use of a non-clonal population that was recently
switched to a different food source (vs. a clonal population fed
a constant food source for years) might initially present a
larger standing variation in the population that might be fur-
ther accentuated by the selection pressure of the new food
source. Additionally, our use of the most subjectively robust
individuals for the ongoing culture and our experiments might
have artificially selected for higher fitness, which, in turn,
might have prevented any fitness decrease in the timeframe
of our experiment.

Besides failing to confirm any progressive deterioration of
fitness in our continually active population, our experiments
in which individuals of P. roseolawere desiccated in isolation
also point to tangible costs to anhydrobiosis that override any
potential ‘rescue effects’ from desiccation via repair of accu-
mulated errors in the genome (genomic repair; Ricci et al.
2007) and/or ridding of accumulated parasites that cannot
withstand desiccation (ecological repair; Wilson and
Sherman 2010; Wilson 2011). In this treatment group, which

precludes the exchange of genetic material (see below) to
isolate the effects of desiccation and which Ricci et al.
(2007) did not examine, fitness levels were reduced signifi-
cantly compared to all other treatments despite a much greater
food supply on a per individual basis being present. More
striking than this reduction, however, was the absence of sig-
nificant variation in the average number of eggs laid across the
trials. Thus, desiccation would appear to reduce fitness to
some minimal level rather than by some fixed cost compared
to the other treatments. Finally, differential effects between the
individual and group desiccation treatments also excludes
ecological repair as an alternative explanation (or indicates
its importance to be secondary) because desiccation should
affect parasites in both groups similarly.

Thus, our results indicate that desiccation alone is insuffi-
cient to correct errors in the genome of P. roseola that derive
from extended parthenogenesis (contra Ricci et al. 2007), es-
pecially when the animals have only their own degenerate
tetraploid genome (Gladyshev and Meselson 2008) as a refer-
ence for error correction. Instead, our results are consistent
with the hypothesis that bdelloids are able to incorporate for-
eign DNA into their genomes during this time (HGT; Eyres
et al. 2012; Bininda-Emonds et al. 2016) to facilitate genomic
repair as well as to ameliorate the direct costs of desiccation
itself (see above). This repair function could be enhanced
through the apparent preference for DNA that is more similar
to their own (e.g. from conspecifics or closely related organ-
isms) through the increased likelihood of homologous pairing
(Bininda-Emonds et al. 2016). The group desiccation trials
indicate that group sizes as small as 10 to 12 individuals are

Table 2 Average total lifespan in days ± standard deviation of
Philodina roseola subdivided according to treatment (starting date
of trials given in parentheses). The average active lifespan for

the desiccated treatments is the given value minus 7 days. Data
from trial 4 are not presented because the trial was ended prematurely
(see ‘Materials and methods’)

Treatment Trial 1 Trial 2 Trial 3 Trial 5

(February 17, 2010) (February 25, 2010) (March 9, 2010) (August 11, 2010)

Parental generation Untreated F1 generation

Continuously active 51.1 ± 6.3 30.0 ± 11.4 42.1 ± 9.8 56.4 ± 19.2 62.7 ± 15.9

Desiccated in isolation 46.0 ± 12.5 40.2 ± 11.5 37.8 ± 9.5 48.2 ± 19.2 58.6 ± 15.1

Desiccated in groups 46.8 ± 12.8 40.2 ± 8.5 36.8 ± 11.6 48.6 ± 16.0 50.5 ± 15.9

Table 3 Comparison of lifespans between the different treatments with a GLMM over all trials, using either the total (above the diagonal) or the active
lifespan for the desiccation treatments (= total lifespan minus 7 days; below the diagonal)

Treatment Continuously active Desiccated in isolation Desiccated in groups

Continuously active Z = −0.683, P = 0.773 Z = −0.625, P = 0.806

Desiccated in isolation Z = −2.328, P = 0.0520 Z = 0.082, P = 0.996

Desiccated in groups Z = −2.346, P = 0.0497 Z = 0.033, P = 0.9994
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sufficient for both purposes and can maintain fitness levels.
Indeed, the latter effect might be even stronger given our con-
servative approach to measuring the average number of eggs
laid in these trials because individual survival during desicca-
tion could not be accounted for adequately.

Interestingly, many effects associated with desiccation, in-
cluding costs (individual trials) or repair via genetic exchange
(group trials), appear to have a genetic component in that they
were heritable and found in the untreated F1 generations.
Thus, offspring of individuals desiccated in isolation also
showed significantly reduced fitness levels, whereas those
from the group desiccation trials showed increased variance
in their reproductive output (see also Bininda-Emonds et al.
2016). However, because the positive effects of group desic-
cation were already present in the F1 generation, any rescue
effect (cf. Ricci et al. 2007) would seem to derive primarily
from genomic repair via genetic exchange and not differential
selection on the F1 generation and beyond. Finally, F1 indi-
viduals from the group desiccation trials also finished repro-
duction earlier, which, in combination with unchanged fitness
levels, resulted in the fastest population growth rate among all
treatment groups. Coincident with this accelerated reproduc-
tion, however, was a reduced lifespan (with total and active
being identical in this case), which might reflect the trade-off
in these two traits that has often been witnessed in other
organisms (e.g. Harshmann and Zera 2007; Flatt 2011).

This latter trade-off also complicates assessing whether
P. roseola is behaving according to the Sleeping Beautymodel
proposed for A. ricciae and M. quadricornifera (Ricci and
Caprioli 2005; Ricci and Covino 2005; Ricci et al. 2007) as
well as the tardigradeMilnesium tardigradum (Hengherr et al.
2008). Active lifespans of individuals in both desiccated treat-
ments showed tendencies to being reduced compared to those
in the continually active treatment. However, this might rep-
resent a trade-off with the significant reduction in reproductive
lifespans witnessed in both groups. In turn, this agrees with
observations that bdelloids desiccated in groups tend to show
a burst of reproductive activity following desiccation
(Hickernell 1917). Although it is unclear from Ricci et al.
(2007), the Sleeping Beauty model does not apply universally
among organisms that undergo anhydrobiosis. Both a partial

to no slowing down of the internal clock (e.g. the nematode
Panagrolaimus rigidus; Ricci and Pagani 1997) have been
proposed as additional responses to anhydrobiosis (Ricci and
Pagani 1997). According to our results, P. roseola would
appear to only partially slow down the clock.

In the end, anhydrobiosis remains an important adaptation
for bdelloid rotifers, one that has enabled them to survive in
desiccation-prone environments as well as to maintain an
asexual mode of reproduction for millions of years via aug-
mentation through genetic exchange and HGT during desic-
cation. In so doing, we do not discount meiotic sex
(Signorovitch et al. 2015) as an additional mechanism of ge-
netic exchange that could account for our results. However,
evidence for meiotic sex is based upon the fingerprint it has
left behind in the genome (Signorovitch et al. 2015), but one
that Debortoli et al. (2016) argue could also arise from HGT.
In addition, no obvious connection between meiotic sex and
desiccation exists, whereas our results and those relating to
genome repair in bdelloids are clearly tied to anhydrobiosis.

Nevertheless, it is unclear how dependent bdelloids are for
living in desiccation-prone habitats (as suggested by Ricci
et al. 2007). Although desiccation appears to be an important
mechanism to maintain fitness, either in and of itself (Ricci
et al. 2007) or through the genetic exchange that appears to
occur at this time (Eyres et al. 2012; Bininda-Emonds et al.
2016), anhydrobiosis is not a universal trait among bdelloid
rotifers (Ricci 1998). It would therefore be important to dis-
cover how these latter species, as well as those like P. roseola
that inhabit more or less permanent aquatic habitats, have
managed to survive over the long term without negative ef-
fects from increasing genetic load. The conflicting results be-
tween our study and that of Ricci et al. (2007) also highlight
that more bdelloid species from different habitats should be
examined to ascertain the degree of interspecific variation re-
garding the desiccation process and its impact on these organ-
isms. Finally, even though many mechanisms shaping the un-
usual features of bdelloid genomes (see Flot et al. 2013) re-
main uncertain, future studies in this area must consider the
potentially important role played by desiccation history
(compare Gladyshev and Arkhipova 2010) in shaping the
genetic information in these species.

Table 4 Duration of reproduction of Philodina roseola subdivided according to treatment, measured as the average number of days ± standard
deviation until reproduction was finished (starting date of trials given in parentheses). Values do not include time spent desiccated

Treatment Trial 1 Trial 2 Trial 3 Trial 4 Trial 5

(February 17, 2010) (February 25, 2010) (March 9, 2010) (May 5, 2010) (August 11, 2010)

Parental generation Untreated F1 generation

Continuously active 24.6 ± 6.0 21.3 ± 3.2 23.0 ± 4.0 20.7 ± 2.1 28.8 ± 3.8 35.3 ± 4.0

Desiccated in isolation 18.7 ± 4.6 18.7 ± 3.1 19.3 ± 4.2 20.1 ± 3.8 23.7 ± 5.2 35.6 ± 5.3

Desiccated in groups 21.0 ± 4.1 18.7 ± 2.9 21.0 ± 4.2 20.1 ± 3.8 24.0 ± 3.7 30.9 ± 7.4
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