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ABSTRACT. To date, there are difficulties in understanding the mechanism of capture of small particles,
such as picoplankton, by representatives of Copepoda during feeding. In this regard, the morphology of
oral appendages in Epischura baikalensis Sars 1900 (Copepoda, Calanoida) was studied using scanning
electron microscopy (SEM). We obtained using scanning electron microscopy (SEM) some photographs
of the mouth area of the endemic crustacean from Lake Baikal. Lobes of the labrum and labium, densely
pubescent with long setae were described. The labrum and labium form a chamber around the esopha-
gus, into which some pores open. It is assumed that through these pores, digestive enzymes are released
into the oral cavity, contributing to the formation of a food lump. The article describes the peculiarities
of the method of obtaining SEM preparations of E. baikalensis and discusses the role of the morphology
of all oral appendages in the capture of food particles, including objects 1-4 pum in size.
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1. Introduction

Epischura baikalensis Sars 1900 is an endemic
Copepoda inhabiting the pelagic zone. This species is a
key object of the lake’s trophic networks and the most
widespread representative of crustaceans, accounting
for about 80% of the number and 70% of the biomass of
zooplankton inhabiting the water column (Afanasyeva,
1998). According to some calculations, E. baikalensis can
use about 30% of the total primary production of the
lake in the course of its life activity per year (Votintsev
and Afanasyeva, 1968; Afanasyeva, 1998). The crusta-
cean is a key object in feeding of many fish and larger
crustaceans. Despite large number of studies devoted to
this species, there are differences in the description of
its feeding mechanisms (Afanasyeva, 1998, Naumova
and Zaidykov, 2020) and the taxonomy of the genus
(Smirnov, 1936; Dussart and Defaye, 1983; Borutzky et
al., 1991; Bowman et al., 2019).

In connection with this formulation of the prob-
lem, there is a need to revise and expand sets of mor-
phological data in copepods (Jenner, 2010) to resolve
controversial issues of their phylogeny. This problem
is also relevant for the genus Epischura. Recently,
there has been a growing number of studies devoted
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to the study of cuticle organs (Lerosey-Aubril and
Meyer, 2013) and the morphology of crustacean head
appendages (Ortega-Hernandez et al., 2017), which is
also important for evolutionary constructions. Thus,
in Kolbasov et al. (2022), the description of the exter-
nal structures of the body (including the labrum and
labium) obtained by scanning electron microscopy was
used for taxonomic reconstructions.

In addition to phylogenetic constructions, an
important issue is also the assessment of the orientation
of trophic relationships in ecosystems. It is currently
considered that the energy flow in freshwater reser-
voirs from cyanobacteria is directed through the micro-
bial loop of bacteria and small flagellates, rather than
directly up the food chain to herbivorous zooplankton
(Burkholder and Glibert, 2024). At the same time, the
mechanics of the process of capturing small (up to 4
um) food objects (picophytoplankton) by copepods are
still poorly understood. The most important food items
for E. baikalensis are phytoplankton, bacterioplankton
and autotrophic picoplankton, the number of which
undergoes strong seasonal and interannual fluctua-
tions (Bashenkhaeva et al., 2023). Due to the high role
of picophytoplankton over periods of decrease in the
number of diatoms in Lake Baikal during the annual

© Author(s) 2025. This work is distributed
under the Creative Commons Attribution-
NonCommercial 4.0 International License.


https://www.doi.org/10.31951/2658-3518-2025-A-2-205
https://orcid.org/0000-0001-6669-682X
https://orcid.org/0000-0001-5829-9138
mailto:igorrock11@gmail.com

Zaidykov I.Yu., Naumova E.Yu. / Limnology and Freshwater Biology 2025 (2): 205-214

cycle, the study of this mechanism is especially rele-
vant for E. baikalensis. In the epipelagial of Lake Baikal,
infusoria dominate among the protists (David et al.,
2021), feeding on large mobile objects is difficult for
epischura due to the peculiarities of the hydrodynamics
of the oral extremities (Naumova and Zaidykov, 2020).
Fluctuations in the number of diatoms occur not only
during the year, but also at different years, and during
periods of climatic cooling, there may be a significant
and prolonged decrease in the number of diatoms or
their complete loss from the phytoplankton of the lake,
which is recorded by the paleontological chronicle of
Lake Baikal (Kuzmin et al., 2001).

It is known that, while feeding, Calanoida scan
the water current created by their limbs when moving
(Kigrboe, 2011). They are able to detect hydromechan-
ical and chemical stimuli emanating from food objects
using specialized receptors. It has been established that
chemo- and mechanoreception can be carried out due to
sensitive setae (sensillum) located on the oral extremi-
ties, mainly antennae (antennae I) (Huys and Boxshall,
1991; Kigrboe, 2011; Heuschele and Selander, 2014).
In addition, pores and bristles localized on the surface
of the copepod body may participate in chemorecep-
tion (Elofsson, 1971; Heuschele and Selander, 2014).
It was previously assumed (Afanasyeva, 1998) that E.
baikalensis feeds by filtering food particles from the
water column using mouthparts — I and II maxillae,
and maxillipeds (Fig.1). Recent, more detailed stud-
ies (Naumova and Zaidykov, 2020) have shown that
the structure of the oral appendages and the speeds at
which they work do not allow them to be used for fil-
tering food objects. Instead of filtering, maxillae and
maxillipeds create a current of water and direct it to
the mouth opening, where food particles are retained.
At the same time, picocyanobacteria of about 1-4 um
in size are present in a significant amount in the food
lump of E. baikalensis (Naumova et al., 2001).

Mp Mx2 Mx1

1mm

The aim of the work is to study the ultrastruc-
tural features of the esophagus and labrum as a first
step towards understanding the mechanisms of func-
tioning of the digestive system, as well as the eating
behavior of these animals. In the light of the available
feeding data, it becomes relevant to study the struc-
tures involved in the process of trapping food particles.

2. Materials and methods

For the study, 479 specimens of mature E. bai-
kalensis females were used, caught in Southern Baikal
by Juday net and fixed with 4% formalin for three
weeks. After fixation, the samples were washed in
distilled water and dehydrated with a change of alco-
hols (30%, 50%, 70%, 96%), 3 shifts lasting 5 minutes
for each concentration, and the alcohol residues were
removed using hexamethyldisilazane (Laforsch and
Tollrian, 2000). The samples were dried in the CPD-030
(BALZERS) installation using the “critical point drying”
method. Next, all objects were coated with gold in the
SCD-004 (BALZERS) installation and studied with a
PHILIPS SEM 525 M electron microscope (SEM).

3. Results and discussion

Using scanning electron microscopy (SEM), the
structural features of the mouth opening of females of
the endemic crustacean E. baikalensis from Lake Baikal
were studied.

The resulting photos show the lobes of the labrum
and labium pubescent with setae of different lengths
and thicknesses. The labrum (Fig. 2) consists of three
lobes: the largest middle and two lateral. The length
of the labrum setae varies in the range of 2.1-60.4 pm;
the width of the setae is 0.4-2.6 um, and the distance
between them is 2.3—5.0 pm (Table 1). The longest
and thickest setae are located on the middle lobe of

Mb  An2

Fig.1. Female of E. baikalensis (SEM). The different groups of oral organs are highlighted in color. Mp — maxillipeds; Mx2 —
II maxillae; Mx1 — I maxillae; Mb — mandibles; An2 — II antennae; Anl — I antennae (antennules); Lr — labrum.
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Fig.2. The area of the mouth opening in a female E. baikalensis (SAM). Lr — labrum, consisting of three lobes — the largest
middle (1) and two lateral (2, 3); St — setae; the longest and thickest setae are located on the middle lobe of the labrum, while
the lateral lobes are pubescent with smaller setae; Es — esophagus; Anl — fragment of the first antennas (antennules); Mb —

fragment of the mandible.

the labrum, while the lateral lobes are pubescent with
smaller setae. The labium (Fig. 3) is presented in the
form of two large lobes, also covered with setae. The
sizes of the setae on the labium have a smaller variation
than on the labrum and are: length — 6.3-14.2 um, and
width — 0.3-1.8 um. The distance between the setae
on the labium comparable to that on the labrum and
is 2.0-4.3 um. The upper and labium form a chamber
around the esophagus, into which pores with a diam-
eter of 0.5 um open (Fig. 3 A and B), three to the left
and right of the esophagus, the distance between which
is 1.5-2 um. The pores are located on the inside of the
lateral lobes of the labrum. We assume that digestive
enzymes are secreted into the oral cavity through these
pores. Studies of the digestive glands and their ducts in
other copepods are described in the literature (Arnaud
et al.,, 1988; Brunet et al., 1994; Bell et al., 2000;
@vergéard et al., 2016), but this is the first time this has
been done for E. baikalensis. It follows from the litera-
ture data (Arnaud et al., 1988; Brunet et al., 1994) that
the outlets of the digestive glands found in Calanoida
are usually multiple, opening into the oral cavity with
several openings. Thus, in Centropages typicus (Arnaud
et al., 1988), three pairs of pores with a diameter of 1
um located on the posterior surface of the labrum and
two pores with a diameter of 5 um located on each of
the lateral lobes are described. It is assumed that the
secret excreted by the digestive glands of Copepoda is
complex, including digestive enzymes of a glycoprotein
nature and mucopolysaccharides that glue food parti-
cles (Arnaud et al., 1988; Brunet et al., 1994).

The nutrition of copepods induces the expression
of digestive enzymes (Freese et al., 2012), although the
mechanism of regulation of this process has not been
described. It is known that copepods detect hydrome-
chanical and chemical stimuli using specialized organs
- chemo- and mechanosensitive setae (sencillas) located
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on the antennae and mouthparts. It is possible that che-
moreception uses small pores and setae on the surface
of the body the processes of nerve cell dendrites come,
to which, as has been found in some other copepods
(Strickler and Bal, 1973; Huys and Boxshall, 1991;
Heuschele and Selander, 2014). It is possible that che-
moreception uses small pores and bristles on the surface
of the body, the processes of nerve cell dendrites come,
to which, as has been found in some other copepods.
Similar spores and bristles on the surface of the body of
E. baikalensis were discovered by us earlier (Naumova
and Zaidykov, 2016).

The obtained data on the structure of the oral
apparatus may indicate the leading role of the labrum
and labium in capturing particles brought by the cur-
rent of water. While the oral limbs (maxillae and max-
illipeds) create bringing streams of water to the mouth,
the lips form a kind of funnel into which the current of
water is directed. The setae massively on the labrum
and labium service to reduce the flow speed of the
water and delay the trapped particles. Extracted by the
pores located on the labrum, the secret may contain
mucopolysaccharides binding particles, which allow
the captured particles to be glued to the setae and form
a food lump from them, which will be swallowed.

Table 1. The size of the setae and distances between them
on the labrum and labium. The dimensions are presented in
micrometers (um).

Labrum | Labium

The length of the setae 2.1-60.4 | 6.3-14.2
Width of the setae 0.4-2.6 | 0.3-1.8

The distance between the setae 2.3-5.0 | 2.0-4.3
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Fig.3. The area of the oral opening in the female E. baikalensis (SAM). A. Lr — the middle (1) and two lateral (2, 3) lobes
of the labrum, pubescent with setae of different lengths; Es — esophagus; Lb — the lobes of the labium, covered with setae of
different lengths, between which a food chamber is formed. B. Enlarged site the location of the pores on the labrum.

Most studies on the mechanisms of nutrition
cover a small number of crustacean taxa. Although
the description of the structures of the oral apparatus
in Copepoda is found in the literature (Arnaud et al.,
1988; Brunet et al., 1994; Bell et al., 2000; @vergard
et al., 2016), morpho-functional characteristics of such
structures are difficult to compare. A detailed study of
the glands of crustaceans opening into the esophagus
area was carried out only for Mystacocarida — small
crustaceans (0.3-1 mm) feeding on small detritus par-
ticles (Herrera-Alvarez et al., 1996). There are similar
studies for larger crustaceans (Vogt, 2021).

In light of the low level of knowledge of this
issue, the beginning of research on the fine structure of
the digestive system in Copepoda is especially import-
ant. Equally important is the fact that E. baikalensis is
endemic and the most widespread representative of
crustaceans in Lake Baikal, accounting for about 80%
of the number and 70% of the biomass of zooplank-
ton inhabiting the water column (Afanasyeva, 1998).
E. baikalensis is the only representative of Copepoda
found massively, everywhere and year-round in the
pelagial of Lake Baikal. This species was able to adapt
to the unique features of this ancient, oligotrophic and
deepest lake in the world. The structural features of the
oral apparatus of E. baikalensis could have been formed
under the pressure of selection due to the need to feed
in an oligotrophic lake, which gave the species evolu-
tionary advantages.

4. Conclusion

Using scanning electron microscopy in the
endemic Baikal species E. baikalensis, densely pubes-
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cent lips with different-sized setae were found in the
area of the mouth opening, forming a trapping funnel.
Pores open inside this funnel, which, in our opinion,
serve to release digestive secretions. Digestive secrets
can serve to glue food particles to the lip setae and form
a food lump. Thus, a mechanism is being formed here
that allows you to capture even small (about 4 um)
food particles.
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JlumHostoeuneckuti uHcmumym Cubupckozo omdesteHua Poccutickotl akademuu Hayx, yii. Yiaxn-Bamopckas, 3, Hpkymck, 664033,

Poccua

AHHOTAILHA. [lo HacToAIEero BpeMeHM CyIeCTBYIOT TPYAHOCTH B IOHMMAHWK MeXaHM3Ma 3axBaTa
MEJIKUX YaCTUI], TAKUX KaK MUKOIJIAHKTOH, IPEACTaBUTEJISIMU BeCJIOHOTMX PAKOB IIPU MUTAHUU. B cBsA3U
C 3THUM C HCIIOJIb30BaHHEM CKaHUpPYIOLel 3JIeKTPOHHON MuKpockonuu (COM) uccienosana MopdoJio-
T'Ysl POTOBBIX IPUAATKOB Yy Epischura baikalensis Sars 1900 (Copepoda, Calanoida). Msi mosyumiu GoTo-
rpaduu obJ1acTy pTa SHAEMUYHBIX PaKo0Opa3HbIX U3 o3epa baiikas. OnucaHbl JOIM BepXHel 1 HIXHel
ryOBl, TYCTO ONMyLIEHHBIE JJIMHHBIMU MIETUHKaMU. BepxHUe 1 HUXHUE T'yObl 06pa3yioT KaMepy BOKpYT
NHUIIeBOAA, B KOTOPYIO OTKPHIBAIOTCS MOPHL IIpeAmosiaraeTcs, YTO Yepe3 3TU HOPHI OCYIIECTBJIAETCS
BBIXOJ] MUIEBAPUTEJIFHBIX (PEPMEHTOB B POTOBYIO IOJIOCTH, CIIOCOOCTBYIOMINX (DOPMIPOBAHUIO MHIIIE-
BOTO KOMKAa. B cTaThe OMUCHIBAIOTCS 0COOEHHOCTH MeTofa moJiydeHus COM-npenapaToB E. baikalensis
U o0cyXxaaeTcs pojb MOPGOJIOTHH BCEX POTOBBIX MPUAATKOB B 3aXBaTe YACTUI] MUK, B TOM YHCJIE

00BEKTOB pazMepoMm 1-4 MKM.

Kimouegvie citosa: copepoda, MexaHU3MBI IUTAHMS, JIAGPaJIbHBIE JXeJIe3bl, POTOBBE KOHEYHOCTH, COM
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1. BBeapenue

Epischura baikalensis Sars 1900 — >HaeMWYHBIH
BECJIOHOTHMI pavyoK, OOUTAKIINI B mejiaruaju o3epa
bBatikan. [laHHBI BUJ SBJIAETCA KJIIOUYEBHIM OOBEK-
TOM TPOGUYECKUX CETel 03epa U CaMbIM MACCOBBIM
MpeACTaBUTEJIEM PaKOOOpPA3HBIX, COCTABJIAS OKOJIO
80% unciaenHoct 1 70% O6romMacchl 300IIJIaHKTOHA,
HaceJisomero BogHyio tonmy (Afanasyeva, 1998). Ilo
HEKOTOpPHIM pacuetam, E. baikalensis B xo/ie cBoell Xu3-
HeJIeATeJIbHOCTH 3a T'OJl MOXET KCIIOJIb30BaTh OKOJIO
30% Bcell nmepBUYHON NpoAykKIuu o3epa (BoTuHieB u
AdanaceeBa, 1968; Afanasyeva, 1998). Pauok sBs-
eTcA KJIIOUeBBIM OOBEKTOM B NUTaHUU PBIO U OoJiee
KPYIHBIX pakooOpa3Hbix. HecMoTpst Ha 60J1bIIIOE KOJIU-
YeCTBO WCCJIEIOBAaHUI, TOCBAMIEHHBIX 3TOMY BHY,
VMeEIOTCSI PA3HOTJIaCHsl B ONMMCAHUU MEXAaHU3MOB €ro
nutanus (Afanasyeva, 1998; HaymoBa u 3alibBIKOB,
2020) u takcoHomuu pojga (CmupHoB, 1936; Dussart
and Defaye, 1983; Bopyuxkuii u ap., 1991; Bowman et
al., 2019).

B cBA3M c Takoll MOCTaHOBKOH MpPOOJIEMEI, BO3-
HUKaeT HeoOXOAWMOCTh B IEPEeCMOTpPe U pacliupe-

* ABTOP [JIsl IEPEIUCKHY.
Anpec e-mail: igorrockl1@gmail.com (W.}O. 3aiigsikoB)

INocmynuna: 01 oxtsa6psa 2024; IIpunama: 27 despaisa 2025;
Ony6tukoaana online: 22 anpens 2025
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HUM HabopoB MOP(OSIOTMYECKUX AAHHBIX y KOMNENox
(Jenner, 2010) ajiAg pemieHUsA CIOPHBIX BOIPOCOB UX
dunorennn. Jta mpobieMa akTyajdbHa U IS pofa
Epischura. B nocsiefHee BpeMs pacTeT YUCIIO UCCIENO0-
BaHUM, IOCBAMIEHHBIX N3Y4YEHUI0 OPraHOB KYyTUKYJIBI
(Lerosey-Aubril and Meyer, 2013) u mopdosoruu
IPUAATKOB T'OJIOBE pakooOpasHeix (Ortega-Hernidndez
et al.,, 2017), 4TO TakXe BaXXHO MJiA SBOJIIOI[MOHHBIX
moctpoenuii. Tak, B pa6ote Kolbasov et al. (2022) onu-
caHMe BHEIIHUX CTPYKTYp TeJa (B TOM uucJie BepxHel
1 HUXHel ry0), NojiydeHHOe C IIOMOIIbI0 CKaHUPYIO-
el 3JIEKTPOHHOM MUKPOCKOIHMHU, WCIOJIb30BaJIA AJIA
TaKCOHOMUYECKUX PEKOHCTPYKIU.

[lomuMo  duiloreHeTUYeCKUX  IOCTPOEHU,
Ba)XXHBIM BOIIPOCOM fABJISIETCA TakkXe OLleHKa Halpas-
JIeHHOCTH TpoduUUecKUuX cBA3el B JKocucreMmax. B
HacTosllee BpeMsA CUUTaeTCs, YTO IOTOK SHepruu B
IIPECHOBOJHBIX BoJloeMax OT I[aHOOaKTepHil Halpas-
JisieTcA yepe3 MUKPOOHYIO MeTsi0 GakTepuil U MeJIKUX
XKT'yTUKOHOCIEB K PACTUTEJIBHOAJHOMY 300IJIAHKTOHY
(Burkholder and Glibert, 2024). IIpu 3ToM MeXaHHKa
mpollecca yJiaBjiuBaHUA MeJIKMX ([0 4MKM) mulle-
BBIX OOBEKTOB (MMKOPUTOIJIAHKTOH) KOMNEMoqaMu
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emé masyiondydyeHHa. HawmbGoJiee BaXXHBIMU OOBEKTaMU
MUTAHUA [JIA JOUIIYPHl  ABJAOTCA (QUTOIUIAHKTOH,
0aKTEepUOILUIAHKTOH U aBTOTPOGMHEBIN MUKOIJIAHKTOH,
YHCJIEHHOCTh KOTOPHIX MpeTepIeBaeT CUJIbHBIE CE30H-
Hble U MEXTroJioBble KoJiebanusa (BarieHxaeBa W Ap.,
2023). B cBA3U € BBICOKO POJIbI0 TUKOMUTOIJIAHKTOHA
MpY CHWXEHUM YKCJIa JUAaTOMOBBIX B o3epe Baiikai B
TeyeHUe rofoBoro 1ukia, 0 E. baikalensis nzyyeHue
JaHHOTO MeXaHn3Ma OCOOEHHO aKTyasbHO. B anunerna-
ruajm o3epa Baiikan cpeu MPOTUCTOB JTOMHUHUPYIOT
nHby3opuu (David et al., 2021), HO MUTaHUE TaKUMU
KPYITHBIMU TOABUXHBIMU OOBEKTAMHU [JI SIUIIYPHI
3aTPYAHUTEJIBHO U3-32 0COOEHHOCTEN r'UIPOAUHAMUKI
poToBhix koHeuHOcTell (HaymoBa u 3atigsikos, 2020).
KonebaHve 4YHCIIEHHOCTU [OUATOMOBBIX TPOUCXOIUT
He TOJIbKO B TeYeHHe rofa, HO U B pa3HbIe T'OJbl, a B
MepUObl KJIMMAaTUYECKUX TOXOJIOJAHUN MOXET IpO-
WCXOUTh 3HAYMTEJIBHOE U MPOJIOJIKUTEIIFHOE CHIIKE-
HHe KOJIMYEeCTBa JUATOMOBBIX MJIU IIOJIHOE BhINaJeHHe
UX M3 COCTaBa (MUTOIUIAHKTOHA 03epa, 4To 3adUKCH-
POBaHO MAJEOHTOJIOTUYECKON JieTomuchilo balikasa
(KyspMmuH u fp., 2001).

HM3BecTHO, 4TO, B mporecce muranus Calanoida
CKaHUPYIOT CO3/IaBaeMBId UX KOHEYHOCTSAMU MPHU JIBU-
xeHun ToK Boabl (Kigrboe, 2011). OHM CIIOCOGHBI
OOHApYyXUBaTh TUAPOMEXAaHUYECKHME U XUMUYECKHE
pa3gpaxuTesid, WCXOMAIN[ME OT TMHUIIEBBIX OObeK-
TOB, WCIOJIb3Ys CHEUAJM3NUPOBAHHBIE PELENTOPHL
YcTaHOBJIEHO, YTO XE€MO- U MeXaHOPEIENUA MOXeT
OCYIIECTBJIATHCA 32 CYET YYBCTBUTEJIBHBIX IETUHOK,
PACIIOJIOXKEHHBIX Ha POTOBBIX KOHEYHOCTAX, B OCHOB-
HOM aHTeHHyJax (aHTeHHol I) (Huys and Boxshall,
1991; Kigrboe, 2011, Heuschele and Selander, 2014).
Kpome Toro, B xeMopelenuu MOryT IpUHUMATh yYa-
CTHE TIOPHl U IIETWHKH, JIOKAJIM30BAaHHBIE HAa MOBEPX-
Hoctu Tena komenof (Elofsson, 1971; Heuschele and
Selander, 2014). Panee cuurtasnoch (Afanasyeva, 1998),
yto E. baikalensis mutaeTcs, OTPUIbTPOBBIBAA MUIIE-

Mp Mx2 Mxi

1mm

Bble YaCTUIIB U3 BOAHOM TOJIIH C IOMOIIbI0 POTOBBIX
yactei — I u II makcwi, u Makcuaunen (Puc.1).
HenasHue, GoJsiee feTanbHble HCCaeOBaHUA NTOKa3aan
(HaymoBa u 3atifipikoB, 2020), 4TO CTpOeHUe POTOBBIX
KOHEYHOCTe U CKOPOCTH, Ha KOTOPBEIX OHU paboTaioT,
He I03BOJIAIOT HCIIOJIb30BaTh UX A (QUIbTPOBAHUA
IUIIeBEIX 00beKTOB. BMecTo GpuibTpanuu MakCUJIIB U
MaKCUJIMIlebl CO3[al0T TOK BOJBl M HANpaBJIAIOT €ro
K POTOBOMY OTBEpCTHIO, Iie M IIPOUCXOAUT yAepXKu-
BaHMe NUIIeBbIX YacTull. [Ipy 3TOM B NMUIIEBOM KOMKe
E. baikalensis BcTpeyawTcA B 3HAYMUTEJHBHOM KOJIMYE-
CTBe MUKOI[MaHOOAKTepuu pasMepoM OKOJio 1-4 MKMm
(Haymosa u ap., 2001).

Llespio paboTH ABJIAETCA U3yYeHUe YJIbTPACTPYK-
TyPHBIX O0COOEHHOCTeH IuIleBoJa U BepxXHell I'yObl B
KayecTBe IIEpBOr0 Ilara K INOHMMAaHHUI0 MeXaHHW3MOB
(QYHKIIMOHVPpOBaHUA MNUIEBAPUTEIBHON CHCTEMBI, a
TaKXxe MUIEBOr0 MOBeJeHUsA 3TUX XUBOTHHIX. B cBeTe
HMMeIONMXCA JaHHBIX O NMTaHWM, aKTyaJIbHBIM CTaHO-
BUTCA M3y4YeHHe CTPYKTyp BOBJIEYEHHBIX B IIpoliecc
yJIaBJIMBaHUA NMUIEBbIX YacTHII.

2. MaTtepuanbl U MEeTOADI

JnA ucciefoBaHuA MCIOJIb30BAIN 479 3K3eM-
IJTAPOB MOJIOBO3peJibix caMok E. baikalensis BbUIOBJIEH-
HbIx B I0xHOM batikaie cetsio [)keu 1 3apKCUPOBaH-
HBIX 4% (QopMaJMHOM B TedyeHHe Tpex Hepdesib. [locie
(dukcanuy oOpaslbl OTMBIBJIM B AUCTULIMPOBAHHON
BOJIe U JleruapaTupoBaiu cMmeHoi cnupTtoB (30%, 50%,
70%, 96%) 1o 3 cMeHHl JIMTEIbHOCTBIO 5 MUHYT AJIA
KaxJ0H KOHILIEHTpalu{, a OCTaTKU CNHUpTa yAasIaiu
c moMoInbio rekcaMetwiaucuiaasana (Laforsch and
Tollrian, 2000). Cymka 0O6BEKTOB MPOU3BOAUIACH B
ycraHoBke CPD-030 (BALZERS) meTolOM «CYLIKH B
KpPUTHYeCKON TOouke». Jlasiee Bce OOBEKTHl HaNbUIAIN
30;10TOM B ycTaHoBke SCD-004 (BALZERS) u usyuasnu B
3sieKTpoHHOM MuKpockorne PHILIPS SEM 525 M (COM).

Mb  An2

Puc.1. Camka E. baikalensis (COM). L[BeToM BbIieJIEHBI pa3/IMYHbIE TPYMIBl POTOBBIX KOHEYHOH. Mp — MaKCUJLIUIEH;
Mx2 — BTOpbIe MakcuJLIb; Mx1 — mepBble MakcusuIbl; Mb — mMaHauGyJsiel; An2 — BTOpBIE aHTEHHBI; Anl — mepBble aHTEHHBI

(a"TeHHyJBl); Lr — BepxHsasA ryba.
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3. Pe3yAabTaTtbl M 06Ccy)xpeHue

C T1oMolIbI0 CKaHUPYIOIIEel  3J1eKTPOHHOM
Mukpockonuu (COM) u3ydeHBl CTPYKTYpHBIE OCOOeH-
HOCTH POTOBOT'0 OTBEPCTHS CaMKH SHAEMUYHOI'O payka
E. baikalensis u3 o3epa batika.

Ha mnonyuyenHbix ¢ororpadpuax BUAHBI JOMNa-
CTU BepxHel r'yObl, ONyIleHHbIe MIeTUHKAaMM pPa3HOMN
JJWHHBL U TOJMUHBL. BepxHsas ry6a (Puc. 2) cocrout
U3 Tpex JIomacTei: caMoul KPYIHOU cpelHel U JIBYX
OoKOBBIX. JIJTMHA MIETUHOK BepxHell TryObl Bapbu-
pyer B auanasoHe 2.1-60.4 MKM; IIMpUHA LETUHOK
cocrasiAeT 0.4-2.6 MKM, a pacCTOsSsHME MEXJy HUMU
— 2.3-5.0 mxMm (Tabsuna 1). Camble JJIMHHBIE U TOJI-
CTble IIeTHHKM pacloJIOXKeHbBl Ha cpeJHeH JonacTu
BepxHel I'yObl, B TO BpeMs KaKk OOKOBBIE JIOMACTH OIIy-
IieHbl IM[eTUHKaM{U pa3MepoM IoMeHbine. HuxH:AA
ry6a (Puc. 3) npeacTaBjieHa B BuAe ABYX KPYNHBIX
Jlomacreli, TOXe IOKPHITBIX MIeTHHKaMu. Pa3Mepsl
HMIETUHOK Ha HIKHEH rybe MMeIOT MeHbIINi pa3bpoc,
yeM Ha BepxHell rybe U COCTaBJIAIOT: AJMHHA — 6.3-
14.2 M, a mupuna — 0.3-1.8 mkMm. PaccTtosHue Mexay
IeTUHKaMM Ha HUXHell ry0e COIoCTaBHUMO C TaKOBBIM
Ha BepxHel ryoe u cocraniisgeT 2.0-4.3 MkM. Bepxnsas
U HUXKHAA ryba oOpasyloT kaMepy BOKPYT NIHIIEBOJA
(a30(paryca), B KOTOpPYI0 OTKPBIBAIOTCA IOPHI JLIaMe-
TpoM 0.5 MM (Puc. 3A u B), o Tpu ciieBa u ciipaBa oT
33odaryca, paccTosHue MexXAy KOTOPBIMU COCTaBJiAeT
1.5-2 MmxM. [lopsl pacrosioxeHbl Ha BHyTpeHHeH CTo-
pOHe OOKOBBIX JIOTIACTel BepxHel ryosl. Mbl mpefnosia-
raeM, 4TO 4yepe3 3TU IIOPhl OCYLECTBJIAETCA CeKpelus
MUIeBapUTesIbHEIX (epMeHTOB B POTOBYI0 IIOJIOCTb.
HccyieqoBaHusa nuilleBapuTeJIbHBIX XKeJjle3 U UX IIPOTO-
KOB Y OPYT'UX KOIeo I ONUCaHHI B uTepartype (Arnaud
et al., 1988; Brunet et al., 1994; Bell et al., 2000;
@vergard et al., 2016), Ho auisa E. baikalensis nogoGHoe
cAenaHo BHepBble. M3 uTepaTypHBIX AaHHBIX (Arnaud
et al., 1988; Brunet et al., 1994) cienyert, yTo o6GHAPY-
JKeHHble Y KaJIAHU[ BBIXOJbI NIMIIleBapUTeIbHBIX XKeJles,

Ta6suna 1. Pa3mephl IIETMHOK U PacCTOSHUA MeXIy
HUMHU Ha BepxHel U HUXHel ry6ax. Pasmepsl npeacTaBiieHB
B MUKpoMeTpax (MKM).

BepxHssa ry6a | HukHue ryosr

JIIMHA MEeTUHOK 2.1-60.4 6.3-14.2
[MMrprHa METUHOK 0.4-2.6 0.3-1.8
PaccTosiHUe MexAy LeTUHKaMU 2.3-5.0 2.0-4.3

Kak [paBUJIO, MHOXeCTBEHHbIe, OTKpHIBAIOIUecsi B
0o61acTh POTOBOU MOJIOCTU HECKOJBKHUMH OTBEpPCTU-
samu. Tak, y Centropages typicus (Arnaud et al., 1988)
OIKCAHO TPU IAapH HOp JUAaMeTPoM 1 MKM, pacroJio-
XKEHHBIX Ha 33JiHell CTeHKe BepxXHel I'yObl U 1O J[Be
HOPHL AAMEeTPOM 5 MKM, PaCIIOJIOKEHHBIX Ha KaXJOH
n3 OOKOBHIX JionacTei. [Ipenmnosiaraercs, 4To CeKper,
BBIJIJIAEMbI UIIEeBapUTEIBHBIMU JKeJle3aMU  Kolle-
10T KOMILJIEKCHBIH, BKJTIOYaeT IMuUIlleBapuTeibHble (ep-
MEHTEHI [JTUKOIIPOTENHOBOY MIPUPOIH! Y MyKOIIOJINCAXA-
PpUIbI, CKJIeHBaoIIye nuieBbie yactuibl (Arnaud et al.,
1988; Brunet et al., 1994).

[MuTaHye BECJIOHOTUX pPAaKOOOPa3HBIX WHIY-
[IUpYyeT OSKCIPECCUI0 INUIIEBAPUTEIIBHEIX (epMEeHTOB
(Freese et al., 2012), XoTa caM MeXaHU3M PETYJIALUN
JIAaHHOT'O Ipollecca He omucaH. W3BeCTHO, YTO Kome-
nojbl OGHAPYXUBAIOT THAPOMEXaHUYeCKWe U XUMU-
YecKre pasApaxuTesy, WCIOJIb3Yys CIeUaIn3nupo-
BaHHbIE OPraHBl — XeMO- U MEXaHOYyBCTBUTEJIbHBIE
MIeTUHKY, PACIOJIOXeHHble Ha aHTeHHaX U POTOBBIX
qacTsax. BO3MOXHO, 4TO B XeMOpeIeNnuy KCIIOJIb3Y-
I0TCS1 HeOOJIpIINe MOPHl U IIETUHKYU HAa MOBEPXHOCTU
Tejla, K KOTOPBIM, KaK 3TO ObUIO OOHApY>XeHO y HEKO-
TOPBIX APYTHX KOIENOoJ, MOAXONAT OTPOCTKH AeHApU-
TOB HepBHBIX KjleToK (Strickler and Bal, 1973; Huys
and Boxshall, 1991; Heuschele and Selander, 2014).
[Tomo6GHEIEe NMOPHl Y IMIETHMHKNA HA IOBEPXHOCTU TeJja
E. baikalensis 661711 0GHapy>xeHbI HaMu paHee (HaymoBa
u 3angsikos, 2016).

Lr

S0pm

St

Puc.2. PaiioH poToBOro otBepcTuA y caMku E. baikalensis (COM). Lr — Labrum (BepxHss ry6a), COCTOAILIAA U3 TPEX JIOMACTeH
— camol kpymnHol cpeniHeii (1) u aByx 60KoBbIX (2, 3); St — IIeTUHKY; caMble JUIMHHBIE U TOJICThIe IeTUHKU PacHoJIoXKeHbl Ha
cpeJiHell JIoNacTy BepXHel ry0bl, B TO BpeMsi Kak G0KOBBIe JIONACTU OIyIIeHH leTUHKaMU pa3MepoM roMeHslie; Es — numieson;
Anl — (parmeHT nepBbIX aHTEHH (aHTeHHYJIB); Mb — dparmMeHT MaHIUOYJIBL.

212



3atidbikos U.10., Haymosa E.FO. / Limnology and Freshwater Biology 2025 (2): 205-214

100pm

Puc.3. : O6nacts potoBoro otBepctusa y caMku E. baikalensis (COM). A. Lr — Cpensss (1) u aBe 60koBbie (2, 3) jonmactu
BepXHeH ryObl, ONyIIeHHbIE MIETHHKAMU pa3Hol AinHb; Es — numeBoxn; Lb — JlonacTu HuXHel ryObl, MOKPHITH HIETUHKAMU
Pa3HOM JJIMHBI, MEXAY KOTOpBIMU (HOpMHUpYeTcsA NuieBas Kamepa. B. YBeJIU4YeHHBIH y4acTOK MeCTa PacoJIOXKeHUs Mop Ha

BepxHell rybe.

Hamu nanHbBIe XOpOIIO COOTHOCATCS C BhICKa3aH-
HBIM IIpeAIoJIOKeHNeM, YTO POJIb XeJjle3 BepxHell I'yObl
y KajasaHuA MoxeT ObTh JBosika (Arnaud et al., 1988):
1) npou3BOACTBO MYKOIIOJIMCaXapyoB Ui arrJIloTu-
Hanuy dactul numy (oco6eHHO pacTUTESIbHBIX Kile-
TOK); 2) NpoAyKIusa HpepMeHTOB, BAXKHbIX B HauaJIbHON
(aze nuieBapeHus, KOTopas OCyIIeCcTBJIeTCA B BepX-
HUX OTZAejlax NUIeBapuTeJIbHOI'O TPaKTa, BO3MOXHO,
yXe B Kamepe, 00pa30BaHHO! JIONacTAMU I'yd.

[losiyueHnHble AaHHblE O CTPOEHHUU POTOBOIO
anmapaTta MOTYT TOBOPUTh O Belylleil pojiid BepxHeH
U HUXHeH ry® B yJlaBJIMBaHUU IIPHUHOCHMBIX TOKOM
BOJbl YacTull. B To BpeMsa Kak, pOTOBble KOHEYHOCTHU
(MakcWJUTBI ¥ MaKCUJIMITEbI) CO34AlT IPUHOCHIIINE
NIOTOKU BOABI K POTOBOMY OTBEpCTUIO, I'yOHl dopMu-
pyIoT nofobrie BOPOHKY, B KOTOPYIO HalpaBJIAeTCs TOK
BOJbl. MaccoBo omymaolyie BepXHIO 1 HIXHIOI I'yObl
HIeTUHKU CJIy’KaT [JI CHUXXeHHs CKOPOCTH IIOTOKa
BO/JIbI U1 3a/IepKKH yJIaBJIMBaeMBbIX YacTULl. BriesigeMblit
pacIoJIoXXeHHBIMU Ha BepxHell rybe mopamMu cekpeT
MOXeT cojepXaThb CBs3bIBaIOIIMEe YacTHUI[Bl MYKOIIO-
Jmcaxapufpl, [O3BOJIAIONIME IPUKJIENBATh yJlaBJiUBa-
eMble 4acTHIpl K IeTHHKaM U GopMUpOBaTh U3 HUX
MUIEBON KOMOK, KOTOPBIHM OyIeT mporJioueH.

BonpmuHCTBO — HCCIeOBaHUM, Kacaloluxcs
MeXaHN3MOB NMUTaHUsA, OXBaTHIBAIOT HeOOJIbIIIOE KOJIU-
YecTBO TaKCOHOB pakooOpa3HbiX. XOTs oOlucaHue
CTPYKTYp POTOBOTO ammnapara y KoIlelloJ] BCTpeda-
ercs B yureparype (Arnaud et al., 1988; Brunet et al.,
1994; Bell et al., 2000; @vergard et al., 2016), mop-
Go-pyHKIMOHAIbHBIE XapaKTepUCTUKNA TaKUX CTPYK-
Typ TPYAHO comnocTapyATk. [logpobHOe ncciiefoBaHue
eJie3 pakooOpa3HbIX, OTKPHIBAIOIIMXCA B 06J1aCTh 330-
(daryca, npoBeneHo Tosibko Ajs1 Mystacocarida — men-
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kux paykoB (0,3-1 MM), MUTAOIIUXCA MEJIKUMHU YaCTHU-
ramu fetputa (Herrera-Alvarez et al., 1996). UmetoTcs
rccieioBanuA U [UiA OoJiee KpynHBIX pakoB (Vogt,
2021). B cBete MaJioil M3y4eHHOCTH JAHHOTO BOIIPOCA,
HayaJi0o WCCJIe[JOBAHUN TOHKOTO CTPOEHUs IMHUIleBa-
PUTEIbHOM CHCTEeMBl y Kollernof] ocobeHHO BaxxHo. He
MeHee BaXXHbIM OCTaeTcs U To, 4To E. baikalensis aBJis-
eTCs1 SHJIEMUKOM U CaMbIM MaCCOBBIM IMPeICTaBUTEJIEM
paxkooOpa3HbIX B 03epe Batika, cocrasias okoso 80%
yricjieHHocTH 1 70% GrioMacchl 300IJIaHKTOHA, HaceJis-
1omero BogHyo Toty (Afanasyeva, 1998). E. baikalensis
SIBJIIETCSI €IMHCTBEHHBIM MAacCOBO, IOBCEMECTHO U
KPYTJIOTOAWYHO BCTPEYAIOIIMMCS B Iejlaruaayd o3epa
Batikan mpejcTraBUTeSIeM BECJOHOTUX PAKOOOPA3HBIX.
OTOT BUJ CMOT MPUCIOCOOUTHCA K YHUKAJIBHBIM OCO-
OeHHOCTSIM JJAHHOTO JPEeBHEro camoro rjiyboKoro B
Mupe oJauroTpodHoro osepa. OCoOGEHHOCTU CTPOEHUS
portoBoro ammapata E. baikalensis moriu chopmupo-
BaThCA MOJ AaBJieHHeM 0Tbopa, 00yCI0BJIEHHOTO He00-
XOAUMOCTBI0 THUTATHCA B OJUTOTPOOHOM O3epe, UYTO
JaJio TaHHOMY BU/Iy SBOJIIOLMOHHEIE TPEUMYIIIECTBA.

4. 3aknioueHue

C T1noMOINbI0 CKaHUpPYIOIIell  3JeKTPOHHOM
MHKPOCKOIIMK y 3HAEMUYHOro OaliKaJIbCKOro BHAa
E. baikalensis B palioHe pOTOBOrO OTBEpPCTUs OOHapY-
XeHBl I'YCTO OIylIeHHble pasHOpa3MepHBIMM IeTUH-
Kamu ryOsl, GopMUpYIOIe yJIaBINBAOIYI0 BOPOHKY.
BHyTph 3TOI1 BOPOHKH OTKPBIBAIOTCA IOPHI, KOTODHIE,
[I0 HalleMy MHEHUIO, CJIyXXaT [JIa BBIAEJIeHUA Mulle-
BapuTeJIbHOTO cekpeTa. I[lulieBapuTeJIbHBIN CeKpeT
MOXeT CJIYXUTb JJI NPUKJIeMBaHUA MUIIEBBIX YaCTUI]
K IeTUHKaM Iy0 u GopMHUpOBaHUA NMUILEBOTO KOMKA.
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Takum o6pa3oM, 37aech (GOpMUPYeTCs MeXaHH3M,
MO3BOJIAILIVE yJIaBIUBaTh Aaxe Mesikue (okosio 4
MKM) IHUIIEBBIE YACTHIIBL
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