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ABSTRACT: Despite employing modern genetic approaches, the phylogenetic relation-
ships between recent orders of the Cladocera (Crustacea: Branchiopoda) remain unclear.
Reconstructions of phylogenetic relationships within the class Branchiopoda (containing
both cladocerans and large branchiopods) based only on morphological features are vul-
nerable for criticism. Therefore the incorporation of data on anatomical changes during
embryonic development in the phylogenetic analysis looks extremely promising. In this
article, we present data on muscle development in Cladocera obtained via confocal laser
scanning microscopy. We developed an original technique for labeling the musculature and
embryo nuclei in two model species, Daphnia magna Straus, 1820 (Anomopoda) and Sida
crystallina (O.F. Miiller, 1776) (Ctenopoda), using phalloidin and methyl green. Periodiza-
tion of musculature development according to the key events of embryogenesis was carried
out using D. magna as a model. The general order of muscle formation in D. magna and
S. crystallina is found to be similar. However, musculature of thoracic limbs, dorsoventral
and oblique lateral muscles in S. crystallina have more pronounced metameric structure as
compared to D. magna. Presence of traces of segmentation posteriorly to the fifth pair of
thoracic limbs and sixth pair of dorsoventral muscles in ventral muscle band in D. magna
can be interpreted as a rudiment of the sixth segment and sixth pair of thoracic limbs,
which, however, are not visible as any, even minute, rudiments during embryogenesis. As
compared to Cyclestheria hislopi Baird, 1859 (order Cyclestherida, a sister group of the
cladocerans), the muscles of swimming antennae and thoracic limbs in D. magna and S.
crystallina are more oligomerized. Specific traits of the musculature development have a
phylogenetic signal on order level and can be used to reconstruct phylogenetic relationships
within the class Branchiopoda.
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PE3IOME: HecmoTpst Ha HCHOJIb30BAHHE TEXHOJOTMYHBIX I'€HETHUECKHUX IOJIXOJOB,
¢uoreHeTndYecKue CBSI3M Mexay coBpemeHHbIMH oTpsigamu Cladocera (Crustacea:
Branchiopoda) ocrarorcst HesicHBIME. PEeKOHCTPYKITNH (DIIIOTCHETUIECKUX CBSI3eH BHYTPH
kiacca Branchiopoda (Bkirogaroriero kak Kiajgomep, Tak ¥ KPYITHBIX )KaOpOHOTHUX PaKoo-
Opa3HbIX ), OCHOBaHHBIE TOJIBKO HAa MOP(HOJIOTNUECKUX ITPU3HAKAX, YSI3BUMBI JUIsI KDUTHKH.
B cBs3u ¢ aTuM, BKIIOYEHHE B (PUIIOreHETHYECKUH aHAIN3 JaHHBIX 00 aHATOMUYECKHX
M3MEHEHHMSIX B X0/Ie SMOPHOHAILHOTO Pa3BUTHSI BHIIVISIIUT YPE3BBIYAIHO TIEPCIICKTHBHBIM.
B aT0i1 cTaThe MBI MPUBOAKMM JaHHBIE 110 M3ydeHHIo pa3BuTus Mbimn y Cladocera ¢ mo-
MOIIBI0 KOH(OKATFHON JTa3epHON CKaHHPYIOUICH MUKPOCKONHWH. J[1st 3TON paOOTHI MBI
pa3paboTayii OPUTHHAIBHYIO METOANKY OKPAIIMBAHUSA MYCKYJIATyphl U siiep SMOPHOHOB
y IByX MOJICNIbHBIX BUJ0B, Daphnia magna Straus, 1820 (Anomopoda) u Sida crystallina
(O.F. Miiller, 1776) (Ctenopoda), ¢ omoltpio (GauiouInHa U METUICHOBOTO 3€JICHOTO.
[epuonmn3zanus pa3BUTUSI MYCKYJIaTypbl B COOTBETCTBUH C KIIFOYEBBIMU COOBITHSIMHU M-
Opuorenesa ObuIa IIPOBEJICHA C UCMONB30BaHUEM D. magna B KadecTBe 3TanoHa. Ooumii
opsAAoK (hopMupoBaHus MBI y D. magna u S. crystallina okazancs cxomasiM. OHAKO
MYCKy/aTypa TOPaKaJbHBIX KOHEYHOCTEH, JOPCOBEHTPAJbHBIC M KOCBHIE JIaT€pajbHbIC
MBIIIIEL Y S. crystallina umeroT 6osiee BBIpaXECHHOE METaMEPHOE CTPOECHHE 10 CpaBHE-
HUIO ¢ D. magna. Hanu4ue ciieoB CerMeHTAIMH 110311 OT ISITOH Mapbl TOPAKOIOIOB U
LIECTOM Haphl JOPCOBEHTPAIBHBIX MBIIIL B BEHTPAJIILHOM MBIIIEYHOM TsDKe y D. magna
MOXKHO MHTEPIPETHPOBATH KaK 3a4aTOK IIECTOr0 CETMEHTA H IIECTOH Maphl TOPAKAIbHBIX
KOHEYHOCTEH, KOTOPBIE, O/HAKO, CAMH HE BUIHBI B BU/IE KaKUX-JIM00, Jake MEJIKHX, 3a-
4aTKoB B Xoze sMmOpuorenesa. [lo cpasuernto ¢ Cyclestheria hislopi Baird, 1859 (otpsn
Cyclestherida, poncTBenHas kiagorepam rpymma), y D. magna u S. crystallina MbIIIIsI
anrteHH I ¥ TopakanbHBIX KOHEUHOCTEH OoJee orroMepru3oBanbl. OCOOEHHOCTH PA3BUTHS
MYCKYJaTypbl HeCyT (DMIIOT€HETHYECKUI CUTHall HAa YPOBHE OTPSJOB M MOTYT OBITH HC-
TIOJTb30BAHBI JISl pEKOHCTPYKINH (PHIIOTeHETHUECKHX CBsI3eH BHY TpH Kitacca Branchiopoda.
Kak nutupoBats 3Ty crareio: Antonovskaya K.A., Neretina A.N., Voronezhskaya E.E.,
KotovA.A.2026. Appearance of muscle elements in the embryogenesis of Anomopoda and
Ctenopoda (Crustacea: Branchiopoda: Cladocera) // Invert. Zool. Vol.23. No.3. P.423-445.
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Introduction

The cladocerans, or water fleas (Crustacea:
Branchiopoda: Cladocera), are among the most
successful microscopic invertebrates in recent
inland water bodies (Kotov, 2013; Van Damme,
Kotov, 2016; Korovchinsky etal.,2021). To date,
more than 850 species of Cladocera have been
described (Kotov, 2013; Van Damme, Kotov,
2016). Over the last thirty years, significant
progress has been made in the taxonomy of
many species groups (Kotov, 2013), a number
of genera and species new to science have been
described (e.g., Dumont et al., 2013; Jeong et
al.,2017; Sousa, ElImoor-Loureiro, 2018). Also,
the taxonomy of Cladocera at the family level is
relatively well developed, and has been accepted
by most cladocerologists to date (Kotov, 2013).

Subdivision of Cladocera into orders has not
undergone significant changes since Sars (1865).
Nowadays most cladocerologists consider this
group in asuperorder rank, including four recent
orders (Anomopoda Sars, 1865; Ctenopoda
Sars, 1865; Haplopoda Sars, 1865 and Ony-
chopoda Sars, 1865). Two more extinct orders
(Cryptopoda Kotov, 2007 and Proanomopoda
Kotov, 2013) are known only from Mesozoic
(Kotov, 2013). Cladocerans are considered to
be the most advanced monophyletic group of
Branchiopoda. Monophyly of the latter, regarded
in a separate class rank, has been confirmed by
both morphological and molecular phylogenetic
studies (Kotov,2013; Van Damme, Kotov,2016;
Van Damme et al., 2022). Monophyly of recent
orders within Branchiopoda (as well as within
Cladoceromorpha group, which unites Cladocera
and Cyclestherida), was also confirmed recently
by molecular phylogenetic studies (Van Damme
etal., 2022). At the same time, phylogenetic re-
lationships between four orders within Cladocera
are not fully resolved despite employing genetic
and even full-genomic approaches (Kotov,2013;
Xu et al., 2021; Van Damme et al., 2022).

Anomopoda and Ctenopoda include the
largest number of cladoceran species with
phyllopodous non-segmented thoracic limbs
while Haplopoda and Onychopoda (predators
with segmented limbs) include considerably
fewer species. Sars initially proposed the group
Calyptomera for the former two orders, and
Gymnomera for the latter two orders (Sars,
1865). During the 20th century, several authors
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were dubious of cladoceran monophyly, as well
as Gymnomera and Calyptomera monophyly
(Fryer, 1987a-b). In some subsequent studies,
Haplopoda and Onychopoda were again united
into the monophyletic group Gymnomera based
onthethoracic limb structure (Olesen, 1998). Van
Damme et al. (2022) based on both morphologi-
cal and full-genomic data proposed a division
of Cladocera into two other superorders: Magi-
poda (Ctenopoda + Haplopoda) and Oligopoda
(Onychopoda + Anomopoda), but this system
is not yet widely accepted. Moreover, although
support of the Onychopoda + Anomopoda clade
is high, grouping of Ctenopoda + Haplopoda is
not well-supported and could be an artifact, e.g.
due to an insufficient number of taxa included
in such analysis.

Phylogenetic reconstructions based on
morphological characters of adult cladocerans
(Olesen, 1998) are vulnerable to criticism (Ko-
rovchinsky, Boikova, 2023). The main defect
ofrecent cladoceran “non-genetic” phylogenies
i1s rare use of anatomical characters, which
traditionally represent a basis for phylogenetic
reconstructions in many other groups of ani-
mals, like nematodes, mollusks and chordates.
Therefore, the incorporation of data on ana-
tomical structures and their formation during
embryonic development into the phylogenetic
analysis of the cladocerans looks promising for
order-level phylogeny. However, existing data
on cladoceran anatomy are sporadic and still
not generalized (Kotov, 2013; Smirnov, 2017).
Structure of muscles has been described only
via light microscopy and mainly in adults (e.g.,
Hérouard, 1905; Binder, 1931; Sebestyén, 1931;
Morduhai-Boltowsky, Rivier, 1987; Fryer, 1991;
Smirnov,2017; Sigvardtetal.,2020; Korovchin-
sky et al., 2021). Detailed investigations of the
muscle elements development during ontogeny
in Cladocera are urgently needed.

In general, the muscle system of invertebrates
shows a great diversity, and its study in different
groups may be interesting in the context of the
formation of different body plans and separation
of different evolutionary lineages (Haszprunar,
Wanninger, 2000; Bergterezal.,2007). Studies of
myogenesis enable us to draw even more general
conclusions (Wanninger, Haszprunar, 2002). In
some cases, although the data on muscle struc-
ture do not permit final conclusions about the
phylogeny of a group, they can still be used to
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trace developmental patterns common to groups
adapted to different environmental conditions
(Hunnekuhl ez al., 2009). Anatomical data, es-
pecially the data on most conservative muscular
and nervous systems, often provide much more
reliable information about the formation of a
particular body plan or taxonomic group than
external morphology (Yap et al., 2023).

Some reliable data on musculature structure
in adult females of cladocerans were obtained
viadifferent techniques by previous authors (e.g.
Christensen et al., 2018; Sigvardt et al., 2020;
Korovchinsky et al., 2021), but musculature of
their embryos has never been studied before.
In the present paper we describe in detail the
muscle system development in embryogenesis
of two cladoceran species belonging to two
different orders. The main attention was paid
to the order of various muscle differentiation in
two cladoceran species and finding the traces
of segmentation. We also discuss possibility of
using data on the muscular system development
for the reconstructions of phylogenetic relation-
ships between the cladoceran orders.

Material and methods

MATERIAL. We studied embryos of Daphnia
(Ctenodaphnia) magna Straus, 1820 (Cladocera:
Anomopoda) extracted from brood pouches of parthe-
nogenetic females in laboratory culture and embryos
of Sida crystallina (O.F. Miiller, 1776) (Cladocera:
Ctenopoda) from females caught in a natural water
body as the material for our study. Two approaches to
periodization of the cladoceran embryogenesis were
used in the frame of our study. Developmental stages
of D. magna were identified according to Mittmann
et al. (2014). Development of S. crystallina was
described according to Kotov and Boikova (1998).

The laboratory culture of D. (C.) magna (collec-
tion number Ru-MZ-ad 30.04.17) is amale-free clone
obtained from a female caught in Pelicaniy Pond,
located on the territory of the Moscow Zoo on April
30, 2017. The culture was maintained at Koltsov In-
stitute of Developmental Biology (Russian Academy
of Sciences) under constant light and temperature of
18 °C. The density of individuals was maintained at
a level of 2 to 20 parthenogenetic females per 100
ml of medium. Artificial Daphnia culturing medium
(ADaM) (Kliittgen et al., 1994) was used for female
cultivation. The total volume of the medium was 6
liters. During the cultivation of D. magna, the medium
was changed every two months. Feeding of the culture
was carried out three times a week by adding a single
drop of the culture of algae Tetradesmus obliquus
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(Turpin) M.J. Wynne, 2015 (Goulden et al., 1982;
Sterner et al., 1993; Tambovtseva et al., 2020).

Parthenogenetic females of S. crystallina were
sampled in the coastal zone of floating leaves, formed
mainly by Nuphar lutea (L.) Smith, at the Hydrobio-
logical station “Glubokoe Lake” of A.N. Severtsov
Institute of Ecology and Evolution of Russian Acad-
emy of Sciences (Ruza District, Moscow Area) via
a plankton net with a diameter of 20 cm and a mesh
size not exceeding 50 pm.

Parthenogenetic females of D. magnaand . crystal-
lina with eggs and developing embryos were individu-
ally dropped by pipette into Petri dishes. Then, under
a stereomicroscope Leica S9D (Leica Microsystems,
Germany), eggs and embryos were extracted from the
brood chambers of females using tungsten dissecting
needles sharpened by the electro-galvanic method (Frey,
1986), trying, if possible, not to damage the adults.
The extracted embryos were individually transferred
by pipettes into Petri dishes with culture medium (in
the case of D. magna) or lake water (in the case of S.
crystallina) to keep them alive until fixation.

PREPARATION OF SPECIMENS FOR CON-
FOCAL LASER SCANNING MICROSCOPY. We
used modified protocols for fixation and fluorescent
dyeslabeling of the bivalve larvae (Dyachuk, Odintsova,
2009), annelid embryos (Kerbl et al., 2016) and adult
D. magna and S. crystallina (Christensen et al., 2018),
but we used MethylGreen as a DNA marker (Prieto et
al.,2015) instead of DAPI or Hoechst dyes. Additional
steps for adaptation of these techniques for cladocerans
are described below in the special subsection.

Selected D. magna and S. crystallina embryos
were transferred from Petri dishes into 1.5 ml Ep-
pendorf tubes with culture medium and lake water,
correspondingly. Then liquid was carefully withdrawn
with apipette and replaced with 4% paraformaldehyde
(PFA) prepared in 0.01 M sodium phosphate buffer
(PBS) atpH 7.4. In this fixative, embryos were placed
in a refrigerator at 4 °C for 1-2 days. The fixed ma-
terial was washed in 0.1% Triton X-100 solution in
the same buffer (further TX-PBS) three times for 5
minutes, and three times for 15 minutes. Then washed
samples were placed in arefrigeratorat4 °C overnight.
Muscle (fibrillar actin) labeling was performed with
labeled CF®543 Phalloidin (Biotium, USA). Samples
were kept in the dye overnight. Methyl green dye
MethylGreenHY-D0163 (MedChemExpress, USA)
was used for labeling nuclei (DNA). All dyes were
used at a dilution of 1:400 in 0.1% TX-PBS. The
samples were then washed 3 times in 0.01M PBS and
gradually transferred into 10%, 30% and 60% fructose
solution in PBS. Then, under a stereomicroscope,
the specimens were carefully transferred to slides
and covered by coverslips for examination under a
confocal laser scanning microscope.

INVESTIGATION OF SPECIMENSAND DATA
PROCESSING. Material viewing and imaging were
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performed using alaser confocal scanning microscope
LSM Leica SP5 (Leica Microsystems, Germany) at
the Core Centrum of IDB RAS. The series of optical
sections were taken with 20x objective and digital
zoom was used for selected region if necessary.
Lasers corresponding to the excitation spectra of
the dyes were used: 543 nm for phalloidin and 633
nm for methyl green. For each sample, laser power
and detector gain were selected according to general
guidelines (Hibbs, 2004) to ensure the maximal vis-
ibility of elements of interest. For each sample serial
optical sections with 3 um intervals between sections
and 1024x1024 pixels\inch resolution were obtained
to visualize the whole depth of sample with maximal
resolution. Maximal intensity projection using several
selected optical sections was made using FIJI free
software, only brightness and contrast of images were
corrected. The images were combined in plates using
Adobe Photoshop 2022 (Adobe, USA).

GENERAL REMARKS TO ADAPTATION OF
STAINING PROTOCOLS FOR LABELING OF
FIBRILAR ACTIN AND DNA IN THE CLADOC-
ERAN EMBRYOS OF DIFFERENT AGES. Since
studies with staining of Cladocera embryos muscles
via labeled phalloidin have not been performed be-
fore, we modified the fixation and staining protocols
used for other invertebrates, such as bivalve larvae
and annelids, for this work. As a starting point, we
used the fixation protocol developed for Bythotrephes
longimanus Leydig, 1860 (Onychopoda) embryos
with short fixation in cold PFA (4 °C, 15-30 min)
(Alwes, Scholtz, 2014).

In the early version of our protocol, labeling of
muscles and nuclei was performed with both afore-
mentioned fluorescent labels at a dilution of 1:800 in
0.1% TX-PBS. Confocal microscope examination of
the samples revealed that the signal from both nuclei
and muscle bundles was weak or almost absent. To un-
derstand the reason for such signal lack, we performed
several experiments: we changed fixation protocols
and varied the dilution of fluorescent labels. Some
examples of the obtained images are shown in Fig. 1.

At the same fixation time (15-30 minutes) we
used both fluorescent labels at a higher dilution (i.e.
1:400 and 1:200). In both cases, the embryos showed
a signal from the nuclei on the confocal microscope,
but cell and muscle boundaries were not visible (Fig.
1). Early embryos under this fixation regime had a
cloudy white color, indicating underfixation (Fig. D).

Then we decided to increase the exposure time in
the cold PFA (4 °C) to a full day (24 h). Fluorescent
labels were taken at a dilution of 1:200. With this
protocol, late embryos of D. magna showed good
fixation quality, their muscles and nuclei were clearly
visible, but the earlier embryos were still under-fixed,
with no cell boundaries visible, only some of them
had visible muscle bands. Nuclei were stained only
in a portion of the early embryo bodies (Fig. 1A).
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Presumably, the cold PFA penetrates through the
egg membranes of early embryos slowly, resulting
in their under-fixation. Embryos of Anomopoda and
Ctenopoda sequentially shed off two egg membranes
and two embryonic membranes during their develop-
ment, with time somewhat different in these two orders
(Kotov, Boikova, 1998; Kotov, 2013). Allmembranes
may be considered as barriers for penetration of the
fixative. Thus, a short fixation with heated PFA for 30
minutes was used. The embryos fixed in 45 °C PFA
acquired yellowish color. On the confocal microscope,
no signal from muscles was observed at any stage,
probably due actin destruction. The signal from the
nuclei was weak. After fixation in 30 °C PFA, nuclei
and muscles were visible only in a fraction of embryos
at late stages (Fig. 1C).

To minimize the temperature effect on embryos,
PFA at room temperature (2025 °C) was used, and
fixation was carried out during two hours (Fig. 1B) or
for a full day. The clearest signal from actin filaments
within the muscle and cell borders was observed when
fixation was carried out overnight. This fixation mode
proved to be optimal and allowed us to obtain data
on the beginning of muscle band formation in early
embryos. Fluorescent labels were used at dilutions of
1:400 and 1:200. In the latter case, the signal from
already formed muscles was too strong as compared
to the forming muscles. A dilution of 1:400 was found
to be an optimal solution.

In the first versions of the protocol, glycerol was
used to clear samples already exposed in fluorescent
labels. However, it turned out that most late embryos
were dehydrated when transferred from 30% glycerol
to 60% glycerol, and virtually all early embryos did
so in 30% glycerol, and they could not be used for
confocal microscope analysis thereafter. Glycerol was
used in different versions of the fixation experiments,
but even with a reasonably good degree of fixation,
dehydration of most samples occurred. To avoid
this, we used a solution of fructose in PBS instead of
glycerol in the remaining experiments. Gradual treat-
ment of samples via fructose solution ensures good
tissue clarification necessary to obtain fluorescent
confocal images.

For reasons that are not entirely understandable,
the specimens that were kept in Petri dishes for longer
than 10—15 minutes already showed a lower quality
of fixation. Some of these specimens changed shape
and became whitish in color; when the material was
viewed with a confocal microscope, the signal from
muscles and nuclei was very weak or almost absent
(Fig. 1D).

Actin filaments turned out to be the most sensi-
tive to the quality of fixation. If the fixation time is
insufficient, they are destroyed and give a weak signal
after reaction with phalloidin.

Thus, we have tested the following fixation
protocols:
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Fig. 1. Embryos of Daphnia magna at stage 7.5 according to Mittmann et al. (2014) obtained during various
fixation and staining protocols: A — an underfixed specimen, PFA 4 °C, fixation for one day, fluorescent
labels at dilution 1:200; B — underfixed specimen, PFA 20-25 °C, fixation for two hours, fluorescent labels
at dilution 1:400; C — a specimen fixed in PFA 30 °C, fixation for 30 minutes, fluorescent labels at dilution
1:400; D — a specimen with long time interval between removal of an embryo from the brood pouch and
fixation, PFA 20-25 °C, fixation for a day, fluorescent labels at dilution 1:400.

Fluorescent labeling of actin (green) and DNA (magenta). A—C — maximal intensity projection of whole
embryo; D — maximal intensity projection of 5 selected optical sections.

Abbreviations: a2 — antenna II; 1b — labrum; md — mandible; thp1-5 — thoracic limbs (or thoracopods) 1-5. Axes
directions: a — anterior; p — posterior; d — dorsal; v — ventral; r — right; | — left. Scale bars: 100 pm.

1. Cold PFA (4 °C), fixation during 1 day; We also varied the dilution of fluorescent labels
2. Room temperature PFA (20-25 °C), fixation  in 0.1% PBS: 1:800, 1:400 and 1:200.
during 2 hours;
3. Room temperature PFA (20-25 °C), fixation
during 1 day;
4. Hot PFA (30 °C), fixation during 30 minutes; graded at concentrations of 30, 60 and 90% diluted
5. Hot PFA (45 °C), fixation during 30 minutes. by 0.1% PBS.

For the specimens’ clearing we tried two types of
solutions: glycerol and fructose. Both solutions were
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In addition, the time between the extraction of
embryos from the brood pouch of the adult female
and their fixation varied. Initially, the time interval
was 3060 minutes, later it was decided to reduce it
to 10—15 minutes.

The final version of specimen preparation for
confocal microscopy is presented above in the cor-
responding subsection of “Material and Methods”.

The main methodological difficulty concerning
the cladoceran embryos is the following: at early
stages of muscle band formation it is difficult to
distinguish absence of a local phalloidin binding to
fibrillar actin, and absence of muscle fibers at such
stage at all. Therefore, in our case, we evaluate the
quality of labeling by the presence of signal from
cell borders containing bands of actin filaments.
They bind to phalloidin in the same way as actin in
muscles. In the frame of our work, we changed fixa-
tion protocols and varied the dilution of fluorescent
labels in order to obtain stable reproducible results.
This approach was tested on D. magna embryos and
further used for S. crystallina embryos presumably
covered by thinner membranes as compared to D.
magna (Kotov, 2013), which greatly facilitates the
process of fixation and labeling. For S. crystallina
embryos, fixation can be carried out for 1-2 hours
and fluorescent labels can be used at lower dilution
(1:400 or 1:600). For other groups of the Cladocera
these parameters may also vary due to individual
characteristics of their integuments.

Results

PERIODIZATION OF MUSCULATURE
DEVELOPMENTACCORDINGTOTHEKEY
EVENTS IN EMBRYOGENESIS OF DAPH-
NIA MAGNA (Figs 2-10, 12B). In D. magna,
the first muscle elements appear at the late phase
of stage 7 according to Mittmann ef al. (2014)
(Fig. 2). At this stage, the buds of antennae [ and
antennae II with exo- and endopods are already
formed; mandibles are represented by rounded
rudiments; the maxillae I and II begin to form;
and the labrum is already well-formed. At stage
7,thoracic (postnaupliar) segments develop and,
at the same time, furrows marking thoracopod
buds appear on their posterior sides. By the end
ofthis stage, the valves cover approximately half
of the dorsal side of the embryo.

At stage 7.3 (Fig. 2), thoracic segments 1-3
are formed and the segment 4 begins to form.
Slightly thickened cell borders are visible in the
center of the basipodite. The forming segments
(Fig. 2D) and developing thoracopods (Fig.
2A—C)show abrightsignal atthe cell boundaries.
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However, this signal is not associated with the
beginning of muscle bands formation.

Later, at stages 7.4 and 7.5, a strong signal
can be noted from the distal part of the exo- and
endopod branches of antennae II and from the
distal part of antennae I, which is associated
with the formation of setal buds (Fig. 3). Also,
elongated cell bands with large amounts of fibril-
lar actin at the base of antennae II become to be
visible. The exopod and endopod of antenna II
increase gradually in size. In the head region, the
first signs of musculature near oesophagus and
mouth can be seen as thin bands. An accumula-
tion of actin also is noticeable in the mandibles,
which at these stages are represented by rounded
bodies. Maxillae II appear at stage 7.4 as an
elongated hillock (Fig. 3A). At stage 7.5 they
look like small tubercles located posteriorly to
maxillae I (Fig. 3F).

At stage 7.4, the buds of maxillae II are
formed, antennae II are elongated, and the cara-
paceis formed (Fig. 3A). Furrows separating fu-
ture limb exopodites and endopodites are formed
onthe thoracic segments. Rows of elongated cells
with large amounts of fibrillar actin become vis-
ible in the basipodites of antennae II (Fig. 3B).
Cells with a thickened actin layer also appear
at the base of the exopodite and endopodite; at
the distal end, actin marks the points of setae
formation (Fig. 3C). In the head portion, disor-
dered bands of actin and oesophageal extensor
muscles form at the base of antenna II (Fig. 3B).
Mandibles demonstrate an enlarged actin layerin
the cells occupying their central positions (Fig.
3C). A muscular ring around the anus (Fig. 3D)
is not so pronounced as that around the mouth
and the oesophagus (Fig. 3B).

At stage 7.5, the segment 5 is formed (Fig.
3E), maxillae II is represented by a rounded
formation located posteriorly to maxillae I (Fig.
3F). In the exo- and endopod of antenna II, cell
bands with a thickened actin layer become more
clearly visible (Fig. 3F).

Atstage 8, antennae I shift medially and par-
tially overlap the labrum (Fig. 4A, F). Antennae I
elongate; their distal ends reach thoracic segment
1 by the end of stage 8 (Fig. 4A, I). Maxillae |
are displaced laterally (Fig. 4F). Thoracopods
are represented by plates of approximately
rectangular shape (Fig. 4G—H). Thoracopods
1-4 have deepening furrows separating their
basal segment, exopodite and endopodite (Fig.
4G). Cells with a thickened layer of fibrillar actin
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Fig. 2. Localization of actin and nuclei in embryos of Daphnia magna at stage 7.3 according to Mittmann et
al.(2014). A, E— maximal intensity projection of whole embryo; B, C, D, F — maximal intensity projection
of 5 selected optical sections. Dotted lines show antenna II.

Fluorescent labeling of actin (green) and DNA (magenta).

Abbreviatio 2 — antenna II; md — mandible; mx1 — maxilla I. Axes directions: a — anterior; p — posterior; d —
dorsal; v — ventral; r — right; 1 — left. Scale bars: 100 pm.
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Fig. 3. Localization of actin and nuclei in embryos of Daphnia magna at stage 7.4 (A—D) and stage 7.5 (E-F)
according to Mittmann et al. (2014). A — maximal intensity projection of whole embryo; B-F — maximal
intensity projection of selected optical sections in anterior, middle and caudal parts, respectively. White arrows
mark the rudiments of the thoracopods. Asterisks (**) mark oesophageal extensor muscles.

Fluorescent labeling of actin (green) and DNA (magenta).

Abbreviations: al — antenna I; a. antenna II; md — mandible; mx1 — maxilla I; mx2 — maxilla II; thp1-5 — thoracic
limbs (or thoracopods) 1-5. Axes directions: a — anterior; p — posterior; d — dorsal; v — ventral; r — right; | — left.
Scale bars: 100 pm.
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Fig. 4. Localization of actin and nuclei in embryos of Daphnia magna at stage 8 according to Mittmann et
al. (2014). A, I — maximal intensity projection of whole embryo; B—E — maximal intensity projection of
selected optical sections, taken from anterior (B, C, F) and caudal (D, E) regions. G, H — maximal intensity
projection of selected optical sections taken on various optical depth. White arrows mark absence of formed
muscle bands at this stage. Asterisks (**) mark oesophageal extensor muscles.

Fluorescent labeling of actin (green) and DNA (magenta).

Abbreviations: al — antenna I; a2 — antenna 1I; do — dorsal organ; Ib — labrum; md — mandible; mx1 — maxilla I;
mx2 — maxilla IT; thp1-5 — thoracic limbs (or thoracopods) 1-5. Axes directions: a— anterior; p— posterior; d — dorsal,
v — ventral; r — right; | — left. Scale bars: 100 pm.
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appear in exopodites of thoracopods 1-4, which,
however, at this stage do not have any traces of
formed muscle bands (Fig. 4D, H, white arrows).
The valves cover about half of the thorax (Fig.
41). The dorsal organ also appears (Fig. 4I).
A thin layer of muscles is formed around the
intestine (Fig. 4B).

A cluster of cells with a large amount of
actin is formed in the basal segment of anten-
nae II (Fig. 4B, white arrow). At the base of
antennae II, individual muscle fibers begin to
form, penetrating deeper into the head, these are
rudiments of future retractor and levator muscles
(Fig.4B—C: arrows). Muscle tracts in antennae I1
become more clearly visible, actin fibers become
more ordered in the basal portion of antennae
II. Protractor and retractor muscles begin to
form within the branches of antennae II (Fig.
4G). At this stage, each of them is represented
by a row of cells with a thickened actin layer.
In addition, a cluster of cells with an additional
volume of actin appears in the mandible. At this
stage, the mandible has the rounded shape (Fig.
4@G). The muscular lining of the oesophagus and
the muscular ring around the mouth become
clearly visible (Fig. 4B). At this stage, the mus-
cular lining of the hindgut and the musculature
around the anus are formed (Fig. 4D-E). As in
the previous stage, small aggregations of actin
are present at the sites of bristle formation on
the antennae I and II.

The antennae II (Fig. 5) and mandibles (Fig.
5E) begin to elongate at the end of stage 8. The
latter reaches the thoracic segment 1 (Fig. 5F)
and shows more clear muscle bands (Fig. 5B-D);
thin bands extend from the base of antenna II to
the dorsal head part (Fig. 5B). Dorsal and ventral
muscle bands probably begin to form (Fig. 5A,
white arrows), but they are not well observable
due to presence of numerous fat droplets.

Atstage 9, the labrum is noticeably elongated
(Fig. 6A—D). Within it, labral glands become
visible (Fig. 6C, large cells marked with an as-
terisk), and transverse muscles are formed (Fig.
6C-D), which narrow and widen the groove on
the inner side of the labrum and serve to squeeze
secretion from the glands. Antennae I converge,
their bases fuse to the end of this stage (Fig.
6A). On antenna II, segments of the exo- and
endopodite become clearly visible for the first
time (Fig. 6A). By the end of this stage, they
elongate and their tips reach the thoracopod 2.
The eye capsule begins to form (Fig. 6E).
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Mandibles take a cylindrical shape (Fig. 7B,
C), and musculature providing their movement
is formed. Maxillae II become smaller and not
clearly visible near mandibles. Segmentation
of the thoracopods 1—4 continues, and at stage
9 their lobes enlarge and elongate. The posta-
bdomen enlarges and begins to buckle on the
ventral side.

Musculature of antennae II at this stage is
fully formed, but individual muscle bands in
basal segment and branches are rather thin (Fig.
7A, C). Bands attached to the dorsal surface of
the head are thickened as compared to stage 8.

At stage 9, dorsal and ventral bands com-
posed of thin muscle fibers become clearly
visible (Fig. 7A-D). The ventral band shows
segmentation in the form of thickenings opposite
each thoracopod. On the dorsal side, the heart
is formed in the region between the head and
thoracic portions (Fig. 7C). The valve closing
muscles are formed (Fig. 7A), at this stage they
are represented only by thin fibers and a group
of large cells with a thickened actin layer.

At stage 10, the postabdomen continues to
bend ventrally and increase in length (Fig. 8A).
Antennae II elongate, and their tips reach the
thoracopod 3 by the end of the stage (Fig. 8).
Thoracopod exopodites increase in size (Fig.
8C). Maxillae II decrease in size and resemble
small nodules under maxillae I. The carapace
expands not only posteriorly, but also laterally,
and does not yet cover the thoracopods.

At stage 10, the muscle bands in antennae
1I thicken, and massive attachment of antennae
II muscles to the dorsal surface of the head is
formed (Fig. 8C-D). In addition to the trans-
verse muscles, a labrum levator muscle appears
within the former (Fig. 8B). The mandibular
musculature is represented by the posterior and
anterior rotating muscles of the mandible, the
transverse mandibular musculature. The dorsal
and ventral muscle bands thicken, the ventral
band enters the postabdomen and attaches to
its dorsal surface at three points (Fig. 8B). The
musculature of the postabdomen is formed (Fig.
8A). By the end of stage 10, thin ventral bands of
thoracopod muscles are formed simultaneously.
Dorsoventral muscles also appear (Fig. 8C-D).

At stage 11, the carapace valves almost
completely cover the thoracopods (Fig. 9).
The labrum continues to elongate and becomes
narrower. Aesthetascs appear at the tips of an-
tennae I. Tips of antennae II at this stage reach
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Fig. 5. Localization of actin and nuclei in embryos of Daphnia magna at the end of stage 8 according to
Mittmann et al. (2014). A, F — maximal intensity projection of whole embryo and selected optical sections;
B-E — anterior region maximal intensity projection of selected optical sections taken on various optical
depth. White arrows mark forming dorsal and ventral muscle bands.

Fluorescent labeling of actin (green) and DNA (magenta).

Abbreviations: al — antenna I; a2 — antenna II; md — mandible; thp1—5 — thoracic limbs (or thoracopods) 1-5. Axes
directions: a — anterior; p — posterior; d — dorsal; v — ventral; r — right; 1 — left. Scale bars: 100 um.
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Fig. 6. Localization of actin and nuclei in embryos of Daphnia magna at stage 9 according to Mittmann et
al. (2014). A—F — anterior region, maximal intensity projection of selected optical sections taken on various
optical depth. White arrow marks segmentation of antenna II. Dotted line shows eye capsule. An asterisk (*)
marks labral gland cells. Two asterisks (**) mark transverse labral muscles.

Fluorescent labeling of actin (green) and DNA (magenta).

Abbreviations: al — antenna I; a2 — antenna II; Ib — labrum; md — mandible. Axes directions: a — anterior; p — pos-
terior; r — right; | — left. Scale bars: 100 pm.

the thoracopod 4. Maxillae I increase in size;
maxillae II are not longer distinguishable (Fig.
9B). The shape of thoracopods does not change
significantly, but muscle fibers in them become
enlarged. The postabdomen continues to increase
in size. According to Kotov & Boikova (2001),
the first heartbeats are registered in cladoceran
embryos at this stage. The heart is completely
formed and located between the muscles of anten-
nae II, mandibles, and bands of dorsal muscles

attached to the dorsal surface of the body. At
this stage, the formation of the most groups of
muscles is completed (Fig. 9A-D).

At stage 12, the labrum is still elongating
and thinning. The valves completely cover the
thoracopods. The musculature assumes definitive
state (Fig. l0A-D).

BRIEF COMPARATIVE NOTES ON
MUSCULATURE DEVELOPMENT IN S/DA
CRYSTALLINA (Figs 11, 12A). Below we draw
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Fig. 7. Localization of actin and nuclei in embryos of Daphnia magna at stage 9 according to Mittmann et
al. (2014). A— maximal intensity projection of whole embryo; B —maximal intensity projection of selected
optical sections from the anterior region; C, D — selected optical sections of the same embryo as in A. Dot-
ted lines show boundaries between muscle groups. White arrows mark forming segments. An asterisk marks
the forming postabdomen.

Fluorescent labeling of actin (green) and DNA (magenta).

Abbreviations: a2—swimming antenna (or antenna IT); abd 1-abd2 —antennal musculature bands; arm—anterior carapace
adductor muscle; cam — carapace muscles; dlm — dorsal longitudinal trunk muscles; ht — heart; lv — levator muscle
of labrum; md — mandible; prm — posterior carapace adductor muscle. Axes directions: a — anterior; p — posterior;
d — dorsal; v — ventral; r — right; | — left. Scale bars: 100 pm.
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Fig. 8. Localization of actin and nuclei in embryos of Daphnia magna at stage 10 according to Mittmann et
al. (2014). A-D — maximal intensity projection of selected optical sections taken on various optical depth.
Dotted lines show thoracic limbs musculature.

Fluorescent labeling of actin (green) and DNA (magenta).

Abbreviations: a2 — swimming antenna (or antenna II); cam — carapace muscles; dlm — dorsal longitudinal trunk
muscles; dvm — dorsoventral muscles; ht — heart; Iv — levator muscle of labrum; prm — posterior carapace adductor
muscle; vim — ventral longitudinal trunk muscles. Axes directions: a— anterior; p— posterior; d — dorsal; v — ventral,
r — right; | — left. Scale bars: 100 pm.
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Fig. 9. Localization of actin and nuclei in embryos of Daphnia magna at stage 11 according to Mittmann et
al. (2014). A, B— maximal intensity projection of selected optical sections taken on various optical depth.
C, D — maximal intensity projection of selected optical sections of caudal (C) and anterior (D) regions.
Fluorescent labeling of actin (green) and DNA (magenta).

Abbreviations: al — antennule (or antenna I); a2 — swimming antenna (or antenna II); Ib — labrum; v — levator muscle
of labrum; md — mandible; mx1 — maxilla I; mx2 — maxilla II; mdm — midgut dilator muscles; rdm — rectal dilator
muscle; tmm — transverse mandibular muscle; vim — ventral longitudinal trunk muscles. Axes directions: a— anterior;

p — posterior; r — right; | — left. Scale bars: 100 pm.

a general pattern of the muscle system forma-
tion in Sida as compared to Daphnia. The first
clearly visible muscle bundles in Daphnia are
formed at late stage 7 in antennae II, around the
mouth, oesophagus and anus (Fig. 3A-D). At

this stage, the muscles of antennae II are visible
as separate rows of cells with a thickened actin
layer, not organized into bands (Fig. 3C). Later
on, the development of the muscles of antennae
IT and the lining of the digestive system portions
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Fig. 10. Localization of actin and nuclei in embryos of Daphnia magna at stage 12 according to Mittmann et
al. (2014). A, B— maximal intensity projection of selected optical sections taken on various optical depth.
C—maximal intensity projection of whole embryo. D— close view of mid body region, single optical section.
Fluorescent labeling of actin (green) and DNA (magenta).

Abbreviations: a2 — swimming antenna (or antenna II); abd1-abd2 — antennal musculature bands; cam — carapace
muscles; dlm — dorsal longitudinal trunk muscles; dvm — dorsoventral muscles; ht — heart; mdm — midgut dilator
muscles; prm — posterior carapace adductor muscle; tmm — transverse mandibular muscle; vim — ventral longitudinal
trunk muscles. Axes directions: a— anterior; p— posterior; d — dorsal; v— ventral; r—right; 1 —left. Scale bars: 100 um.
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Fig. 11. Localization of actin and nuclei in embryos of Sida crystallina at different developmental stages.
A-C — stage 1; D-F — stage 3; G, H — stage 4 according to Kotov and Boikova (2001). A, B, D, F, G —
maximal intensity projection of selected optical sections. C, E, H — close view of anterior, mid and caudal
body regions.

Fluorescent labeling of actin (green) and DNA (magenta).

Abbreviations: al — antennule (or antenna I); a2 — swimming antenna (or antenna II); abd1-abd2 — antennal muscu-
lature bands; 1b — labrum; lv — levator muscle of labrum; md — mandible; dlm — dorsal longitudinal trunk muscles;
dvm — dorsoventral muscles; ht — heart; mdm — midgut dilator muscles; prm — posterior carapace adductor muscle;
thp1-6 — thoracic limbs (or thoracopods) 1-6; tmm — transverse mandibular muscle; vim — ventral longitudinal trunk
muscles. Axes directions: a— anterior; p — posterior; d — dorsal; v — ventral; r — right; | — left. Scale bars: 100 pm.
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Fig. 12. Arrangement of muscles in swimming antennae. A — Sida crystallina, stage 4 according to Kotov
and Boikova (2001); B — Daphnia magna, stage 12 according to Mittmann et al. (2014). A—B — maximal
intensity projection of selected optical sections taken on approximately similar optical depth in two species.
Asterisks mark the cross-overlaps of the muscles of antennae I1.

Fluorescent labeling of actin (green) and DNA (magenta).

Abbreviations: a2 — swimming antenna (or antenna II); lv — levator muscle of labrum; md — mandible; mdm — midgut
dilator muscles; thpl—6 — thoracic limbs (or thoracopods) 1-6; tmm — transverse mandibular muscle; vlm — ventral

longitudinal trunk muscles. Axes directions: a — anterior; p — posterior; r — right; 1 — left. Scale bars: 100 um.

proceeds faster than in the rest of the embryo.
Mandibular musculature is also formed rather
quickly; at the initial stages, the forming muscle
bands on transverse optical sections represent
groups of 2-3 large cells with a thickened layer
of fibrillar actin (Fig. 3C).

In Daphnia, at stages 8-9 (Figs 4-7) the
muscles in the proximal segments and the
bases of antennae II elongate and attach to the
inner surface of the head capsule. Thin muscle
bands responsible for rotation of mandibles are
formed. Atstage 8, the paired ventral and dorsal
longitudinal muscles begin to form as separate
thin bands, thickening in subsequent stages. At
stage 9, longitudinal muscles compressing the
labrum are formed, muscles of antennae II and
mandible thicken, and valves closing muscles
are formed.

The formation of musculature providing mo-
bility of thoracopods and abdominal-postabdom-
inal muscles in Daphnia occurs relatively late: at
the end of stage 9 (Fig. 7). Ventral muscle groups
are formed sequentially, beginning with the thora-
copod 1. The ventral muscles are attached to the
dorsoventral muscles, which provide connection
with the longitudinal muscles and coordinate the
movements of the thoracopods. At stage 10, the
levator labrum muscle also forms (Fig. 8D). To
the stages 11 and 12 (Figs. 9-10), the formation
of'the thoracopod muscles is completed, and the
muscles of antennae II are elongated. The heart
can be seen only from stage 10 (Fig. 8D).

In the course of our work, we failed to
identify the muscles providing eye mobility,
although they should be present in adults (Kotov,
Boikova, 2001).



442

In general, in Sida crystallina, the muscles
of antennae II, oesophagus and hindgut are
formed first in development in the same way as
in D. magna (Figs 11, 12A-B). The muscles of
antennae I of S. crystallina are larger relatively
to its body as compared to Daphnia. Already at
the initial stages of muscle formation, it is pos-
sible to distinguish separate muscle bands in the
rowsof cells (Fig. 11A—C), whereas in D. magna
they are indistinguishable at corresponding
developmental stage. The muscles of antennae
Il in S. crystallina are more sparsely arranged
relative to each other than in D. magna due to
the differences in head shape (Fig. 12A-B). It
can also be noted that the metameric nature of
ventral and dorsal muscle bands (Fig. [ IF-G) is
more prominentinsS. crystallinathanin D. magna
which has much more differentiated muscles
(Fig. 10C-D). Ventral muscles of thoracopods
and dorsoventral muscles in the development
of S. crystallina are formed at late embryonic
stages, similarly to that in D. magna. However,
the muscle organization pattern is formed as
similar in different thoracopods of S. crystallina
(Fig. 11H), while D. magna has different patterns
of muscle organization in different thoracopods
(Fig. 10C).

Large cells with a thickened actin layer and
large nuclei are visible in the heart of S. crystal-
lina (Fig. 11D-E).

Discussion

In contrast to large branchiopods, in cla-
docerans the thoracic and abdominal portions
occupy a larger volume of the body relatively to
the head bearing antennae Il and a system of oral
appendages. It is probably related to the absence
of a free-swimming nauplius in the cladoceran
life cycle. Their nauplial appendages (antennae
I and IT and mandibles) remain unused until the
“embryonised larva” (“metanauplius”) stage
(Korovchinsky etal.,2021). However, despite the
smaller volume of this body portions, muscula-
ture begins to develop already during the “larval”
stage. In contrast, thoracic limb musculature is
formed at the late embryonic stages.

In Ctenopoda and Anomopoda, the segments
are formed at rather early stages, before the time
when the “embryonised larva” stage begins.
Formation of buds of the thoracopods 1-2
occurs approximately at the same time as the
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formation of the last thoracic segment (segment
6 in Ctenopoda and segment 5 in the daphniid
Anomopoda). Segments on antennal branches
are also formed before the time when the “em-
bryonised larva” begins to grow. In Cladocera,
the number of trunk segments and segments of
antennal branches does not increase at stage of
the “embryonised larva” in contrast to Cycles-
therida, the sister group of the cladocerans where
the final number of segments is increasing in the
larva and is finally established only at the first
postlarval stage (Olesen, 1999).

Branches of antennae II in Cyclestherida, a
sister group to Cladocera, have a greater number
of segments: 7-10 vs. 2—4 segments (Sigvardt et
al., 2020). In addition, antennae II is relatively
shorter in Cyclesteria than in most cladocerans.
In many anomopods, antennae II are rather
short and comparable in its length to that in
“Conchostraca”. In contrast, daphniid antennae
IT are strongly elongated due to their predom-
inantly planktonic mode of life (Kotov, 2013;
Korovchinsky ef al., 2021). No observations of
the musculature development in C. hislopi are
available, but based on data on muscle structure
inadults (Sigvardtetal.,2020), we can conclude
that the muscle system of antennae II and tho-
racic limbs in D. magna and S. crystallina is
more oligomerized (sensu Dogiel, 1929, 1954
and Smirnov, 1969) as compared to C. hislopi.
Such oligomerization could be traced already in
the cladoceran embryos: no additional segments
are observable in antenna II rudiments even at
the earliest stages of their differentiation.

Branches of antenna II of adult C. hilsopi
consist of more numerous segments; branch
musculature is represented by flexor and extensor
muscles, each of which reaches the distal seg-
ment (Sigvardt et al., 2020). The musculature of
antennal branches of S. crystallina is simplified
as compared to C. hislopi — the two-segmented
endopod of the former contains only two bands
of muscles, and the three-segmented exopod
contains only a sole band, all these muscles do
not enter the distal exopod segments. In antenna
IT of D. magna, two muscles enter the exopod,
and a sole muscle enters the endopod. Their
distal segments are strongly thinned and are not
well-observable in confocal microscope images.

In addition, adult Ctenopoda and Anomo-
poda are characterised by the cross-overlap of
the muscles of antennae II (Fryer, 1991) in the
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cephalicregion (Fig. 12A—B), which is absent in
adult Cyclesteria and other branchiopods (Sig-
vardtetal.,2020), but present in the branchiopod
nauplii (Kiernan, Hertzler, 2006). Therefore
the cross-overlap of the antenna II muscles in
both “larvae” and adults is a synapomorphy of
Anomopoda + Ctenopoda. According to Fryer
(1991), the crossing of muscles in Ctenopoda and
Anomopoda causes their total length to increase,
which gives a marked advantage in flexibility
of the antennae 11 during fast swimming, since
long muscles contract faster than short muscles.
Antennal muscles are differentiated in the ano-
mopod and ctenopod embryos in a non-crossed
state (Figs 10A, 11D), but then cross-overlap
(Figs 10C, 11F, 12). We have inspected separate
stages of the embryogenesis, and the exact mech-
anism of such muscle re-arrangement is not clear
from our study. Probably, it could be adequately
described in course of in vitro observations. In
the future, other cladoceran orders also need to
be studied on this issue.

Thoracic limb musculature in C. hislopi is
represented by a large number of muscle bands
distributed relatively regularly throughout the
limb, some muscles also penetrate into the
endites. This arrangement of muscles provides
C. hislopi limbs with a rather large freedom of
movement (Sigvardtet al.,2020). Thoracic limb
musculature in S. crystallina is organized into
larger muscle bands. Homologous bands could
be found in C. hislopibased on their position and
points of attachment. Sigvardtezal. (2020) found
that homologs of other muscles of C. hislopi are
absent in S. crystallina. She suggested that such
oligomerization of muscles correlates with the
increase in beating rate of S. crystallina thoracic
limbs. Concerning the homology of D. magna
musculature portions, it is difficult to formulate
similar conclusions at this point: in our work,
confocal images were taken ata lower resolution
as compared to the work of Sigvardt et al. (2020).
This did not allow us to visualise muscle bands
and their attachment sites in detail.

We can confirm previous ideas (Sigvardt et
al., 2020) that musculature development may
provide useful information for comparison of
different cladoceran orders based on characters
having a phylogenetic signal and can be used
as an argument to reconstruct phylogenetic
relationships within the class Branchiopoda
along with data on morphology, anatomy and
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molecular phylogeny. At different stages of their
development, cladoceran embryos demonstrate
the characters absent in adults, such as: other
proportions of body parts and muscle band
sizes, “additional” thoracic segments (lost in the
adults), non-crossed muscles of the antennae 11,
non-oligomerized initial thoracic muscle system
inthe anomopod embryos. We also found thatthe
timing of the muscle band formation is different
in Daphnia and Sida, but to date the information
is too scarce for any phylogenetic conclusions
based on such differences.

We believe that just anatomical data could
contribute to the final resolving of the cladoceran
order phylogeny which is still a mystery, even
after applying of full-genome methods (Xuetal.,
2021; Van Damme et al., 2022). However, our
study represents only a first step in such direc-
tion, and to date it is prematurely to reconstruct
the cladoceran phylogeny based on muscle
structure and development, these studies need
to be continued.
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