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Abstract
An extreme radiation of hundreds of species of different groups of animals occurred in Lake Baikal, Siberia, Russia; 
among them, amphipods represent one of the most remarkable groups of invertebrates with about 350 endemic 
species. Amphipods host associated epibiont rotifers, and the aim of the study is to explore the possibility that 
bdelloid rotifers living as epibionts on amphipods in Lake Baikal coevolved with their hosts and diversified with 
species-specific host–epibiont associations. We sampled 148 individual amphipods belonging to 16 species and 
isolated all epibiont bdelloids from them, discovering that only one bdelloid species, Embata parasitica, lives 
associated with at least six amphipod species belonging to three different families. Similar to what is known in 
most other bdelloid species, the morphospecies Embata parasitica from Lake Baikal is likely to be a complex of 
cryptic species, as suggested by the high genetic diversity we found in one mitochondrial marker sequenced from 
several animals. Yet none of the divergent genetic lineages seemed to be associated to only one or a few amphipod 
species. In addition, nine bdelloid species were found living in the lake, increasing the known diversity of the area to 
12 bdelloid species.

Keywords: Biodiversity, Embata, epibiosis, freshwater, host–epibiont association, phylogeny, Rotifera, Bdelloidea

Introduction

Lake Baikal, located in Southern Siberia, Russia, is 
the deepest and most ancient lake of the world, 
containing the largest volume of fresh water of any 
water body (Logachev 2003). Hosting more than 
2640 animal species, 60% of which are endemic, 
Lake Baikal is first among all lakes of the globe in 
terms of animal diversity (Timoshkin 2010–2011). 
It is home to one of the most spectacular evolution
ary radiations in freshwater habitats (Sherbakov  
1999; Brown et al. 2021), with hundreds of endemic 

species of fish (Kontula et al. 2003; Sideleva 2003), 
flatworms (Timoshkin et al. 2010), and other ani
mals, including an endemic family of sponges 
(Khanaev et al. 2018). It also hosts an endemic 
freshwater seal (Pastukhov 1993; Palo & Väinölä  
2006). The most unusual radiation in the lake is 
that of amphipods, with about 350 endemic species 
colonising different habitats and depths in the lake 
(Macdonald et al. 2005; Gurkov et al. 2019).

Lake Baikal represents an exception even for 
microscopic animals with almost no biogeographical 
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patterns, like monogonont rotifers (Dumont 1983; 
Fontaneto 2019), a group that is notorious for hav
ing species mostly with broad, usually cosmopolitan 
distributions (Segers 2007; Fontaneto et al. 2012). 
A high proportion of species, 14%, is known to be 
endemic to the lake (Arov & Misharina 2018). For 
some genera, endemism is more extreme: half of the 
approximately 50 species of the genus Notholca 
Gosse, 1886 of the world are known only from the 
lake (Sheveleva et al. 1995), making this lake a 
unique hotspot of endemic diversity for monogo
nont rotifers.

Notwithstanding such a high interest in terms 
of the diversity and the biogeography of mono
gonont rotifers in Lake Baikal, almost nothing is 
known from the lake regarding bdelloid rotifers. 
Only three species of bdelloids have been 
reported so far from the area (Timoshkin 2001), 
namely Philodina acuticornis Murray, 1902, 
Philodina vorax (Janson, 1893), and Rotaria rota
toria (Pallas, 1766). Here we report on the first 
survey of bdelloid rotifers from the lake, with a 
special focus on epibiont species. Some bdelloid 
species are known to be strictly associated with 
crustaceans, mostly with isopods and amphipods 
(May 1989; Fontaneto & Ambrosini 2010). 
Thus, given the extremely high species diversity 
of amphipods in Lake Baikal, the expectation is 
that their associated epibiont bdelloid rotifers 
may have diversified into several species, coevol
ving with the different amphipod species, with 
patterns of host–symbiont coevolution in the 
frame of phylosymbiosis, the complex relation
ship of microscopic organisms living in associa
tion with their hosts (Lim & Bordenstein 2020). 
Congruent patterns of diversity between hosts 
and epibionts are already known in freshwater 
habitats, for example between branchiobdellidans 
and their freshwater crayfish hosts of the genus 
Austropotamobius, implying a strict host–epibiont 
association and thus coevolution (Šarić et al.  
2018). Other known cases of coevolution of 
organisms with their hosts in aquatic systems 
can be found in the Daphnia–parasite system 
(Ebert 2008), in the phylosymbiosis between 
Hydra species and their microbiome (Rosenberg 
& Zilber-Rosenberg 2018), and in the holobiont 
associations known in corals and sponges 
(O’Brien et al. 2019), among other examples. In 
this study, we screen various species of amphi
pods, looking for patterns of phylosymbiosis in 

the occurrence of their associated epibiont bdel
loid rotifers.

Very little is known about the ecology of epi
biont and symbiont bdelloid rotifers (May 1989; 
Fontaneto & Ambrosini 2010), making any 
hypothesised scenario rather weak. In addition, 
the role and effect of rotifers and other micro
scopic metazoan living associated with amphipods 
are also poorly known (Bojko & Ovcharenko  
2019).

Methods

Amphipods were collected in the area of Bolshiye 
Koty (WGS84 coordinates: 51°541′1.67″N, 105° 
4′7.61″E), to the north-east of Listvyanka, 
Irkutsk Oblast, Russia, on the western side of 
Lake Baikal in July 2016. Sediment samples 
were collected at the shore, by diving, and from 
dredges deployed from a boat. Depths at which 
samples were taken ranged from just below 
the surface, at less than 0.5 m, to about 30 m 
(Table I), covering what should be the richest 
part of large ancient lakes in terms of biodiversity 
(Vadeboncoeur et al. 2011). All amphipods that 
were sampled were sorted and identified while 
alive using the identification key of Takhteev 
and Didorenko (2015). Screening for epibiont 
bdelloid rotifers was performed under a 
stereomicroscope (from 10× to 50× magnifica
tion) and all epibiont bdelloids were removed 
from the host using mounted needles and pipette 
tips. Hosts were inspected repeatedly, until no 
new epibiont bdelloids were visible. Bdelloids 
were identified at the species level or at the 
highest possible taxonomic resolution according 
to Donner (1965) using a compound microscope 
at 400× magnification. We searched for epibiont 
bdelloid rotifers also on any other large inverte
brate that we found in the same samples: on 
sponges of the species Lubomirskia baikalensis 
(Pallas, 1776) and on caddisflies larvae 
(Trichoptera) from the lake, using the same 
procedure as that described for the amphipods; 
we looked for free-living bdelloids in water and 
sediment samples from the same areas where 
invertebrate hosts were collected. All sorting 
procedures were performed on living samples, 
close to the lake in the lab of the Baikal 
Biological Station of Institute of Biology, 
Irkutsk State University, in Bolshiye Koty.
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To check that no epibionts were inadvertently 
removed from their hosts during the sampling and 
sorting procedure, all used equipment, vials, tubes, 
and liquids were inspected at the end of each work
ing day to search for loosely attached epibionts that 
could have been detached, but no such animals were 
ever found.

We counted the number of epibionts on each 
individual host for each of the amphipod species 
and the other substrate. We used a chi-squared test 
in R 4.0.3 (R Core Team 2021) to assess whether 
the proportion of amphipod species hosting epibiont 
bdelloids was different between shallow waters at 
the shore and in deeper waters. No previous knowl
edge is available on epibiont bdelloids from amphi
pods in aphotic areas: thus, our aim was to test 
whether amphipods living on the shores and in dee
per waters display any differences in their numbers 
of epibiont bdelloids, regardless of the species of 
host and epibiont. Given the small sample size in 
some of the events for the chi-squared test, we used 
Yates’s correction in the calculation of p values to 
avoid their overinflation.

Bdelloid rotifers were stored in ethanol and DNA 
was extracted by incubating each animal individually 
in 35 μL of Chelex (InstaGene Matrix, Bio-Rad) 
and proteinase K for 20 minutes, as is commonly 
done for bdelloids (Kaya et al. 2009). A fragment of 
a mitochondrial marker, cytochrome c oxidase sub
unit I (COI), was amplified for each individual using 
the Folmer primers (Folmer et al. 1994), with pro
tocols commonly applied for rotifers (Mills et al.  
2017; Cakil et al. 2021). Sequencing was performed 
in both directions and contigs obtained to be used 
for the following analyses. Additional data on COI 
of animals from the genus Embata was downloaded 
from GenBank (EF650596, EF650597, EF650608, 
JN660052, KM043189, KM043190). To expand 
the dataset to be used in comparison with the data 
from Lake Baikal, we also included sequences from 
epibiont Embata collected in New Caledonia during 
the Our Planet Reviewed New Caledonia expedi
tion, a survey of aquatic diversity on the island 
(https://nouvellecaledonie.laplaneterevisitee.org/).

All sequences were aligned and checked using 
Mesquite 3.70 (Maddison & Maddison 2021) for the 
absence of indels and stop codons; primer regions still 
present in the sequences were trimmed. Uncorrected 
genetic raw distances were calculated between pairs of 
sequences to assess the level of genetic diversity. A 
phylogenetic reconstruction was estimated to obtain a 
visual representation of the evolutionary relationships 
between epibiont bdelloids using a maximum likelihood 
approach under a GTR+G + I evolutionary model in 
PhyML 3.0, with support values expressed as aLRT 

(approximate Likelihood-Ratio Test) (Guindon et al.  
2010). As an outgroup for the phylogenetic reconstruc
tion, we used sequences of Philodina citrina sampled in 
Lake Baikal during the survey.

Results

Out of the 33 samples we collected in the lake, 
focusing mostly on native endemic invertebrates 
(N = 25) to look for epibiont bdelloid rotifers, we 
confirmed the occurrence of Rotaria rotatoria, 
already known from the lake, and we increased the 
known diversity of Lake Baikal to 12 species, with 
nine new records (Table I): Dissotrocha aculeata; 
Habrotrocha collaris; Philodina citrina; Philodina flavi
ceps; Philodina roseola; two undetermined species of 
Philodina, one on caddisflies larvae and one in the 
sponge Lubomirskia baikalensis; Pleuretra sulcata; and 
a high number of tardigrades of the species 
Grevenius baicalensis (Ramazzotti, 1966) (identified 
by Roberto Guidetti). Only one species of epibiont 
bdelloid, Embata parasitica, was found associated to 
the amphipods. We did not confirm the occurrence 
of two of the three previously known species for the 
lake, Philodina acuticornis and Philodina vorax.

We screened 148 individual amphipods in 23 sam
ples from at least 16 species (10 determined to species 
level and six to genus level) of five families – 
Acanthogammaridae Garjajeff, 1901, Eulimnogamm- 
aridae Kamaltynov, 1999, Micruropodidae Kamal- 
tynov, 1999, Ommatogammaridae Kamaltynov, 2009, 
and Pallaseidae Tachteev, 2001 (in addition to seven 
undetermined species) – and found 98 epibiont bdelloid 
rotifers identified as the morphospecies Embata parasi
tica (Table 1). No other epibiont metazoans were 
found. Occurrence of epibiont bdelloids was low, with 
on average 0.67 epibiont animals for each individual 
amphipod, colonising only six amphipod species of 
three families: Eulimnogammarus cyaneus, Eulimnoga- 
mmarus marituji, Eulimnogammarus verrucosus, and 
Eulimnogammarus vittatus from Eulimnogammaridae, 
Gmelinoides fasciatus from Micruropodidae, and 
Pallasea sp. from Pallaseidae. The number of individual 
rotifers on each colonised amphipod ranged from 1 to 
22. We found Embata parasitica on any part of the body 
of the host amphipods, on the ventral side, close to the 
leg base, on the antenna, around the mouth parts, close 
to the cloaca, or on the dorsal part. The amphipod 
species on which we could not find any epibiont bdel
loid rotifers were Brandtia latissima lata, Brandtia sp., 
and Hyalellopsis sp. from Acanthogammaridae, 
Eulimnogammarus maackii and Eulimnogammarus viridis 
from Eulimnogammaridae, Micruropus wohlii from 
Micruropodidae, Ommatogammarus sp. from 
Ommatogammaridae, and Pallasea cancelloides from 
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Pallaseidae. The occurrence of epibiont bdelloids in 
amphipods species at the shores (5 out of 12) was not 
different from that of amphipod species sampled in 
deeper waters, from 5 to 30 m (1 out of 11): no sig
nificant difference could be highlighted in the propor
tion of species colonised by epibiont bdelloid rotifers 
between shallow and deeper waters (X-squared1 = 3.16, 
p (Yates) = .1929).

The phylogenetic reconstruction of the COI molecu
lar divergence of the genus Embata was performed on 
57 animals we sequenced out of the 98 we found in 

Lake Baikal (Supplementary Table S1). The mtDNA 
marker for the Baikal animals clustered together with 
the only known sequence available in GenBank for the 
same morphospecies (Figure 1), E. parasitica 
(GenBank ID EF650597 from Italy), but with a high 
uncorrected genetic distance to it: from 16.1 to 22.0%. 
The sequenced individuals from Lake Baikal repre
sented 14 COI haplotypes, which clustered in four 
main clades with within-clade molecular divergence 
up to 4.3% and between-clade diversity from 14.3% 
to 21.3%.

EF650608 Embata hamata

KM043189 Embata commensalis

EF650596 Embata commensalis

NC01 NC4983_E05 (13)

NC02 NC5036_E01 (1)

KM043190 Embata laticornis

EF650597 Embata parasitica

JN660052 Embata sp.

H08 BA013_EP04 (1)

H04 BA014_EP03 (2)

H06 BA013_EP49 (2)

H07 BA013_EP54 (2)

H05 BA013_EP08 (3)

H03 BA013_EP06 (6)

H01 BA013_EP12 (2)

H02 BA013_EP28 (13)

H12 BA010_EP01 (1)

H09 BA008_EP01 (2)

H11 BA012_EP07 (1)

H10 BA012_EP01 (3)

H13 BA011_EP01 (6)

H14 BA013_EP07 (13)

0.98

0.99

0.82

0.97

0.92

0.99

0.99

0.99

h7 BA003_PC1 (1)

h6 BA029_PC2 (1)

h4 BA024_PC1 (1)

h3 BA021_PC3 (1)

h5 BA021_PC4 (2)

h1 BA021_PC2 (4)

h2 BA021_PC1 (1)
0.2

Gmelinoides fasciatus
Pallasea sp.

Eulimnogammarus verrucosus
Eulimnogammarus vittatus
Eulimnogammarus cyaneus

Eulimnogammarus marituji
Eulimnogammarus cyaneus
Gmelinoides fasciatus

Gmelinoides fasciatus

Outgroup: Philodina citrina

Embata parasitica
from Baikal amphipods, on:

Figure 1. Phylogenetic reconstruction of the evolutionary relationships between all known and available COI sequences for the genus 
Embata according to maximum likelihood, with branch length proportional to the number of substitution sites of the scale bar. Support 
values, expressed as aLRT > 0.80, are reported above branches but not for short terminal branches. Samples downloaded from GenBank 
are reported with their GenBank accession number; samples from New Caledonia are marked with the prefix NC; samples from Baikal are 
marked with the prefix H for haplotypes of Embata parasitica, with the host amphipod species indicated for each clade; samples from 
Philodina citrina from Baikal, used as outgroup, are marked with the prefix h for haplotype. The number of individual animals having the 
same haplotype is reported in parentheses. 
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Discussion

Three species of bdelloid rotifers were previously 
known from Lake Baikal (Timoshkin 2001), and 
with our short survey we upgraded the known diver
sity of the lake to 12, with nine new records. The 10 
taxa of bdelloid rotifers now known to the species 
level from the lake have a broad distribution around 
the globe (Segers 2007), with no evidence of the 
species being endemic to the lake. They are all com
mon inhabitants of water bodies, usually found in 
any survey of lakes and ponds in the Palaearctic 
region (e.g. Donner 1965). Philodina vorax, pre
viously cited from the lake but not confirmed in 
our survey, is a limno-terrestrial species (Donner  
1965) and we did not look at samples from such 
habitats. Yet Pleuretra sulcata is usually a limno-ter
restrial species too (Donner 1965), and we found it 
in sediments of Lake Baikal.

The apparent lack of endemic species is in striking 
contrast to what is known in the lake for monogo
nont rotifers, with several species that are indeed 
endemic to the lake (Sheveleva et al. 1995; Arov & 
Misharina 2018). Rotifers are notorious for having 
very low levels of endemic species worldwide 
(Dumont 1983; Fontaneto et al. 2012), with only 
one area of the world that seems to have endemic 
species for bdelloids: Antarctica (Garlasché et al.  
2020). Yet the disparity in the proportion of ende
mic species between bdelloids and monogononts in 
Lake Baikal seems to go in the opposite direction to 
what is known in Antarctica. Whereas in Lake 
Baikal no endemic bdelloids are currently known 
and about 14% of the monogonont species are ende
mic (Arov & Misharina 2018), in Antarctica it seems 
that as much as one-third of the bdelloid species 
(~33%) and only about 8% of the monogonont spe
cies are endemic (Iakovenko et al. 2015; Garlasché 
et al. 2020). Such contrasting proportions could 
reflect a different history of diversification in 
Antarctica (e.g. Cakil et al. 2021) and in Lake 
Baikal between bdelloid and monogonont rotifers 
and surely deserves deeper study in both areas. No 
reliable inference can be supported at the moment 
with the limited knowledge we currently have on 
bdelloids from Lake Baikal. The comparison with 
Antarctica is also weak, given that Baikal is a lake 
and Antarctica a continent, but these are the only 
known areas in the world hosting high levels of 
endemic rotifers.

As expected from previous studies on freshwater 
crustaceans elsewhere (Donner 1965; May 1989; 
De Smet & Verolet 2016; Dražina et al. 2018), 
amphipods in Lake Baikal also hosted epibiont roti
fers. Yet even though we explored amphipods from 

five families, only one morphospecies of bdelloid 
rotifer was found on different species of amphipods: 
morphologically it resembled Embata parasitica, a 
species that is already known to live as epibiont on 
amphipods and in general on freshwater arthropods 
in other parts of the world (Donner 1965; Fontaneto 
et al. 2004). Surprisingly, no other epibiont species 
of bdelloid rotifers was found on amphipods from 
Lake Baikal, even when other species of the same 
genus and of different genera are known to occur on 
amphipods elsewhere (Donner 1965; May 1989), 
and we focused on the littoral zones of the lake, 
where most of the diversity is expected 
(Vadeboncoeur et al. 2011). Bdelloids are known 
to be highly efficient dispersers and colonisers, due 
to their extreme resistance capabilities allowing 
them to desiccate and freeze and thus behave as 
dispersing-resistant propagules at any stage of their 
life cycle (Fontaneto 2019). Yet, contrary to the 
free-living species in the group, epibiont bdelloids 
are often unable to survive desiccation (Eyres et al.  
2015; Nowell et al. 2018) and, therefore, they may 
be less prone to disperse than free-living bdelloids. 
Given the current and historical geographical isola
tion of Lake Baikal, one might speculate that the low 
diversity of epibionts is due to the difficulties epi
biont species face in being dispersed to this area.

The single epibiont bdelloid species found on the 
endemic Baikal amphipods was not strictly asso
ciated with one species or one family of amphipods, 
but was found on several species, mostly of the 
genus Eulimnogammarus, and also on other genera 
from other families. Such a pattern is rather com
mon in epibiont bdelloids, which can be found on 
different hosts (Donner 1965; May 1989). The lack 
of strong host–epibiont association and coevolution 
in rotifers could be due to a rather labile identifica
tion of cues for surface recognition and colonisation 
(Steinberg et al. 2002), and to the possibility for 
epibionts to survive on different hosts. Evidence 
from several groups of aquatic invertebrates suggests 
that many host–epibiont relationships are non-spe
cific and generalist, making specialised and obligate 
epibionts quite rare (Wahl & Mark 1999; Harder  
2009). Bdelloid rotifers living as epibionts on 
amphipods in Lake Baikal seem to follow such a 
general pattern, notwithstanding the impressive 
adaptive radiation of the hosts (Macdonald et al.  
2005; Gurkov et al. 2019), potentially providing 
ample opportunities for divergence of the epibiont 
bdelloids. It is likely that host–symbiont relation
ships may produce stricter species-specific associa
tions in parasites or obligate symbionts than in 
epibionts, as in the case of bdelloid rotifers on 
amphipods that we described in Baikal. Yet not 
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enough is known on the ecology of epibiont bdel
loids (May 1989) to allow any inference regarding 
the strength of the association with their hosts.

The highest abundance of epibionts was found on 
Gmelinoides fasciatus, with up to 22 bdelloids on one 
single host. Such a number, even if higher than 
those on other Baikal amphipods, is much lower 
than the numbers of epibiont bdelloids on the 
European waterlouse Asellus aquaticus (Linnaeus, 
1758) (Isopoda), with hundreds of epibiont bdel
loids on each host (Fontaneto & Ambrosini 2010), 
or to what can be found on gammarid amphipods, 
other crustaceans, molluscs or caddisfly larvae in 
Europe (May 1989; Fontaneto et al. 2004; Dražina 
et al. 2018; Ejsmont-Karabin & Karpowicz 2019). 
Gmelinoides fasciatus is known to be associated with 
habitats with higher trophic levels than other amphi
pods (Takhteev & Didorenko 2015) in the ultraoli
gotrophic Lake Baikal (Hampton et al. 2008): this 
preference of the host species may be the reason for 
a higher abundance of filter-feeding epibiont bdel
loids. Interestingly, G. fasciatus is a species originally 
found only in Lake Baikal but nowadays represent
ing a successful invasive species outside the lake 
(Pankova & Berezina 2007). Further studies on 
invasive populations could test whether the genetic 
lineages of E. parasitica associated with this amphi
pod species are spreading as invaders together with 
their host.

One reason for the low diversity and abundance of 
the single bdelloid species found epibiont on amphi
pods in Lake Baikal could be competition with other 
epibionts, for example the highly diverse and ende
mic unicellular Ciliophora (Yankowski 1982). Yet 
bdelloids are known to coexist with protists on the 
same host in other parts of the world (May 1989), 
with no evidence of competitive exclusion. Another 
reason could be that many Baikal amphipods begin 
to moult in late spring beginning of summer 
(Bazikalova 1941), with animals sampled in July 
representing newly moulted individuals, not yet 
fully colonised by all the potential epibiont species. 
Such a speculation to explain low diversity on newly 
moulted amphipods collected in July seems unlikely 
to be realistic, given that a reservoir for epibiont 
rotifers other than the amphipods would need to 
be hypothesised to allow bdelloids to recolonise the 
amphipod host. The assumption is not realistic 
because summer-reproducing amphipod species, 
such as E. cyaneus and G. fasciatus, have higher 
metabolic rates and moult more frequently in sum
mer in comparison to E. verrucosus and E. vitttatus 
(Takhteev 2000; Jakob et al. 2016). If that were the 
case, we could expect more bdelloids on E. verruco
sus and E. vittatus than on summer-reproducing 

species. In addition, bdelloids are known to be 
abundant on newly moulted crustaceans elsewhere 
(Fontaneto & Ambrosini 2010). Thus, no clear 
explanation can be put forward to explain the low 
diversity and abundance of epibiont bdelloids in the 
area that was sampled in Lake Baikal.

The other animals on which we looked for asso
ciated epibionts were caddisfly larvae (Trichoptera) 
on the shores. We found three epibiont species on 
them: Philodina citrina and Rotaria rotatoria, which 
are free-living animals occasionally found attached 
to other organisms (Donner 1965), and an undeter
mined species of Philodina, which may represent an 
additional epibiont species. We could not study 
these animals in detail in the field and we cannot 
confirm their identity. This also applies to another 
species of Philodina, found as an epibiont on the 
endemic Baikal sponge Lubomirskia baikalensis, for 
which no identification was possible during the sur
vey. As a side note, the sponge hosted a high num
ber of harpacticoid and cyclopoid copepods, and 
tardigrades identified as Grevenius baicalensis 
(Roberto Guidetti pers. comm.). Regarding the sin
gle individual of Philodina citrina found as an epi
biont on caddisflies larvae (BA003), it could be 
considered an occasional coloniser of the host, as 
genetically it clustered closely to the free-living ani
mals found in Lake Baikal (Figure 1), with an 
uncorrected genetic distance to them between 
2.5% and 4.0%, a COI distance that falls well within 
the same species in bdelloids (Gabaldón et al. 2017; 
Cakil et al. 2021).

Molecular divergence in COI was high within 
the morphospecies Embata parasitica found on 
Baikal amphipods, up to 21.3%. Such genetic dis
tances are similar to those known for the same 
marker in other species complexes in monogonont 
and bdelloid rotifers (Gabaldón et al. 2017; Mills 
et al. 2017; Cakil et al. 2021). It is highly likely 
that a complex of at least four cryptic species is 
present in Lake Baikal, corresponding to the four 
divergent clades identified by the phylogenetic 
reconstruction (Figure 1). Yet any inference 
about taxonomic identity based solely on one 
mitochondrial marker may be highly misleading 
in rotifers (e.g. Papakostas et al. 2016; 
Michaloudi et al. 2018) and further analyses on 
integrative taxonomy (sensu Schlick-Steiner et al.  
2010) are needed. Interestingly, even at the level 
of the four mtDNA clades, taxonomic units would 
not be segregated on different amphipod hosts: 
different bdelloid clades were present on the 
same amphipod host and each bdelloid clade was 
not strictly associated with one amphipod host 
species (Figure 1).
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This study also represents the first investigation 
into the genetic diversity of the genus Embata. Five 
species, four of which were included in our phylo
genetic analysis, are known in the genus, all asso
ciated to invertebrate hosts (Donner 1965). There 
could be potentially more species in the genus, 
among the four mtDNA clades in Lake Baikal and 
also in other parts of the world, as exemplified by 
the separate clade represented by the New 
Caledonian samples. Very few analyses on rotifer 
diversity have focused on epibiont animals like 
those of the genus Embata. Expanding this field of 
research could bring new insights on the host-asso
ciated biodiversity of microscopic animals (May  
1989), as has been the case for the rotifers asso
ciated with freshwater isopods (Fontaneto & 
Ambrosini 2010) and for the surprising diversity 
of epibiont marine meiofauna associated with mar
ine turtles (Ingels et al. 2020).
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