JIaGopaTopusa npooem
3BOJIIOIIMOHHOU MOP(OI0TUH




OcHoBHble 3apa4un nabopatopumn

Pa3paboTKka npobaembl LENOCTHOCTU OPraHM3Ma B OHTO-
n odunoreHese; UcCcnegoBaHUE  3aKOHOMEPHOCTEU
MOPPONOrMYECKON 3BONOUUN N €€  MEeXaHWU3MOB;
pa3paboTKa Kputepues U MNPUHUUNOB (PUIOTEHETUKMN,
pa3paboTka MeToAoB  OUEHKU MOopPdO/IOrMYecKoro,
MOpPdOreHeTUYeCKoro, reHeTUYECKOro U 3KON0TMYECKOro
pa3Hoobpa3una HU3LLINX NO3BOHOYHbIX Ha
nonyaAUMOHHOM N BUAOBOM YPOBHSAX.



dKkcneaununu 2018-2020

YyKOoTKa
2020

2018-2019

KamyaTKka
2018-2019

)v f/f
Kamchatka A
4

R 4, ; DV (Dolly Varden)  FL =90 (40.5) cm

Wﬁ 61(38.2) cm
Y10

03. ONBIBICHITbIH

FL =66 (49.1) cm

W (widehead) FL=71(37.0)cm

N1g (nosed) FL =41 (32.6) cm

OHOLIKOE
N2 (sharpnosed) FL =42 (35.2) cm o
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OCOBEHHOCTH PAHHETO OHTOTEHE3A AHABACA }
ANABAS TESTUDINEUS (ANABANTIDAE), CBA3AHHBIE C ITMHAMUWKON
TIJTABYUYECTH

© 2019r. K. ®. Izepxuncknit’ *, 1. 1. 3sopeikun’, C. B. bynaes’
! Hnemumym npo6aes sxonozuu u seomouuu PAH — HIT33, Mocksa, Poccust
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Mocrynuna B penakiuio 08.11.2018 r.

Mocene nopabotkn 04.01.2019 r.
Tpunsra k nyGmukaunn 15.01.2019 . |

I, 6: Anabas testudi Puc. 1. Dmbpuonansioe passuie anabaca Anabas testudineus noj mosepxHOCTHON IIEHKON BoMbl, B cBOKy: a — racTpyJia,
DENCTAHNEHEL BESYINTATIE MCCISHOBANINS DUIEICTO PASHITRT AHATACA ARAunS JETTHTINEHS B G ¢ JMHa. 84 51 MMH ¢ MOMEHTA HEPeCTa; 6 — MOABILKHLINA MGPHOH ¢ OTACIHBIIMMCS XBOCTOBRIM oTaenoM, 20 1 51 Mun. Macurra6 3nech

MHKO# ero ruiasyuectd. OnucaHbl OCHOBHBIE 0COOEHHOCTH OHTOTEHE3d Ha MPOTSXeHWH nepsbix 140 u wra prc. 2 1w,
paszsuTusi. HeTunuuHas 115l TPecHOBOMHBIX PhIO MOJTOXKUTENbHAS TUIABYUECTh MKPbl M PAHHHX THUHHOK
anadaca, 61aroaapsi KOTOPOii OHM Pa3BUBAIOTCS MO CAMOI MTOBEPXHOCTLIO BOILI, OOECTIEUHBAETCS KPYyTI-
HOIi JKUPOBOIl Karueil, conepxaiueiicsi B xentke. [1puBeneHbl faHHBIE 110 OPUEHTAIMH TeNla THYHHOK B
MPOCTPAHCTRE, X BEPTUKATBHOMY pacTipe/ie/leHUIO B TOJIIE BOMbI, HAuamly 3K30TeHHOTO THTAHUS U JIOKO-
MOLIMM, a TAKKE 110 ABUIaTe]bHON Peakluny IMUMHOK Ha UCIIYT B pa3HoM Bospacte. HanGosee sHaunmbie
M3MEHEHHUs! MOBEJIeH sl INUMHOK aHafaca CBA3aHbl ¢ M3MeHeHHeM (DOPMbI KeJITOMHOTO MELIKA, KOTOPbIH
¢ ~80-r0 4 pasBUTHS HAYMHALT BLIMOMHSTE HYHKLUMK IPOBU3OPHOTO THAPOCTATHUECKOTO OPraHa.
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Puc. 2. Inunnku aHabaca Anabas testudineus Bospacre: a—31 1 48 MuH ¢ MmomeHTa Hepecta, 6 — 62 u 44 Mun, B— 79 u 51 Mun,
r— 107 4 55 mun; / — fopcansHblii BEIPOCT KEATOYHOTO MEINKa, 2 — IUIABaTE/IbHEIN 1Y3LIPh, 3aMOTHCHHEIH rasom.
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OBIIIAS BUOJIOTUS
VK 597.423
VIK 591.3+591.4+597.4/.5
POJIb IIEJOMOP®O3A B CTAHOBJIEHNU CTPYKTYPHOI'O TUIIA [MPOBU30OPHBIE JIEPMAJIBHBIE CKJIAJIKW B POTOBOM AITIIAPATE
YEPEIIA OCETPOOBPA3HBIX (ACIPENSERIFORMES, ACTINOPTERYGII) AMEPHKAHCKOTI'O BECIIOHOCA Polyodon spathula Walbaum, 1858

©2019r. A.A. Heccapexmuii*
Hucmumym npoGaem axoaoeuu u seoronuu us. A.H. Cesepuosa PAH
Jenunckuit npoch., 33, Mockea, 119071 Poecus
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Ocerpoobpasusie (Acipenseriformes, Actinopterygii) paccMaTpuBaioTCs B KauecTBe CECTPHHCKOTO TaKCO-
Ha no oTHomeHu 1o K Neopterygii u Hapsiny ¢ Polypterus (Polypteriformes) 3anumaioT Haubozee GasanbHoe
MOJIOKEeH e Ha KIalorpaMMe PelleHTHBIX TyuerepbiX. Takoe MonokeHHe B CHCTeMe OTIpe/ieNaeT KIueBoe
3JHAUEHME OCETPOOGPA3HBIX IUT5l IOHUMAHUs! IBOTIOHOHHOI HCTOPHI He TOMTBKO JIyderepbiX, HO M KOCTHBIX
PHID B 11e710M. BMecTe ¢ Tem YHIKATbHAs MOPAOTOTHS 1 OTCYTCTBHE CKOTKO-HIOY b HATeKHEIX TOMONO~
THii — B MEPBYIO Ouepe/lb 15l ITMOMLHOM 00/1aCTH Uepena 1 YeII0CTHO# JIYTH — He MO3BOMSIOT B OJHOMH
Mepe HCTIOMb30BATh STHX PBIG ISt TeCTHPOBAHUSI (HIITOreHETHUECKHX THIOTe3 H PEKOHCTPYKIIHH SBOTIOLHH
Osteichthyes. B HacTostiIeii CTaThe NPeICTARNEHbI PE3YILTaTh CPABHUTENLHO-aHATOMMYECKOTO aHaTH3a
UE/IOCTHOM AYTH M 3TMOMAHOI 00/1aCTH TO/IOBE OCETPOOOPA3HBIX, YCTAHOBIEHEI TOMOMIOTHH BCEX OCHOB-
HBIX MOPGhOIOTHYECKHX 37IeMeHTOB STHX OTIe/0B N0/I0BbE M NPEIIOXKEeH SBOTIONHOHHBIIT ClleHAPHii Mpe-
00pa3oBaHus YeTOCTHOM AYTH H 3TMOMIHOTO OT/E]A YEPENa MPH MEPEXae 0T NaleOHHCKOMAHBIX Npe-
KOB K CTPYKTYDHOMY THITY TO/IOBHI X OCeTPOB U T T [1oKa3aHo, uTo B OCHOBE 3THX
Tnpeodpa30BaHHil IeKaIH IT il KOTOpBIii 00YyC/ THE HUXKHEH YeTI0CTH
11 IPHBE K BHICBOBOKIEHUIO MIePEHMX KOHLIOB BeTBeii BepXHeii UeliocTH 1 BCEro STMOMIHOIO 0Tela OT
(hYHKIMOHATBLHBIX OrPaHHYEHHNI, CBA3aHHBIX C PAGOTOIi YeIOCTHOTO anmapara.

(Acipenseriformes, Polyodontidae)
A. A. Heccapekuii

TMpencraBneHo akatemukoM PAH J.C. ManoBeiM 31.01.2019 1.
Moctynmuio 31.01.2019 1.

BrepBele MOKa3aHO HATHYME Y JHYMHOK M MOCTAMYMHOK aMEePHKaHCKOro BecnoHoca Polyodon spathula
Walbaum, 1858 nonepeuHbIX KOXHbIX CKJIa10K BNEPeIy 1 M03ATN BepXHeil YeltoCTH, KOTOPHIE B X0Jie Pa3Bi-
THSI HCUE3AI0T. ¥ OCETPOBBIX TOMOIOTHYHEIE CKJIATKH e/IAf0T BO3MOXKHOMH NpoTpakimio democreit. Onmcan-
HEIE CKIaIKH Y BeC/IOHOCA, BOIMOXKHO, PeKANUTYIMPYIOT TIPEAKOBOE /Lls NOJMOIOHTH CocTosIHME, ByecTe
CTeM X MOSIBNIeHHe MOKHO PacCMaTPHBATE KaK (hYHKIMOHAILHBIN KOMITOHEHT TIPOBH3OPHOTO Yl I0CTHOTO
MeXaHM3Ma, TeiiCTBYIONIEro Y BeCTOHOCA HA PAHHUX STANax aKTMBHOTO MuTaHus. [L1si nposepkm 5Toii rumo-
Te3bl HeOGXOAMMO NPOBEACHHE CPABHHTETLHOTO aHAIN3A KHHEMATHKH Y€/II0CTHOTO anmapara MocTIHIHHOK
BEC/IOHOCA 11 OCETPOBBIX.
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Rapid miniaturization of Salvelinus fish as an adaptation

to the volcanic impact
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Abstract  Volcanoes serve as natural laboratories
expanding our understanding of the recent and past
ecological and evolutionary processes. Heme, we
present data elucidating the developmental and phe-
notypic transformations providing rapid adaptation for
the salmonid fish, Salvelinus malma, to volcanic
impact. After being isolated by the mudflow in 1996,
the locked descendants of sea-run charr managed to
survive in the highly wrbid and toxic envimnment.
Initially, the population underwent a phase of high
developmental instability accompanied by a surge in
morphological deviations. Further, selection targeted
the fish prone to migrate into the most toxic main-
stream favoring a sedentary lifestyle at the less toxic

spawning ributaries. In five-seven generations, the
sedentary population recovered developmental home-
ostasis but diverged into a small-sized shom-cycled
form with low phenotypic vanability. In response 1o
toxicosis, the fish displayed an accelerated metabolic
rate and precocious maturations. The spawners pos-
sessed fry momphology with no spawning dress.
Sedentary fish also exhibited a decreased fecundity
and did not build spawning nests. Thus, under the
volcanic impact, S. malma demonstrated a rapid
paedomorphic miniaturization, an evolutionary mech-
anism enabling to complete the reproductive cycle
under the conditions of high risks of reaching the
adaptive capacity limits,
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Fig. 3 Results of body shape comparison among the land-
locked Salvelinus malma spawners of different yvears derived
from CVA. a Landmarks used in morphometric analysis: b the
plotof individual body shape variation in the morphospace, the
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mm in 2015—118.0(100-150) mm in 2018: ¢ residuals of CV1
individual scores free from body length effect obiained vialog-
scaling following Reist (1985) (mean + SE and min-max
values are shown): and ¢ the change in body shape along the first
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Natural toxic impact and thyroid signalling interplay
orchestrates riverine adaptive divergence of salmonid fish

Evgeny V. Esing, Grigorii N, Markevich, Nikolay O, Melnik, Dara V. Kapitanova, Fedor M. Shkil
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Abstract

. Adaptive radiation in fishes has been actively investigated over the last decades.
Along with numerous well.studied cases of lacustrine radiation, some examples of
riverine sympatric divergence have been recently discovered, (n contrast to the
lakes, the riverine conditions do not provide evident stability in the ecological
gradients. Consequently, external factors triggering the radiation, as well as
developmental mechanisms underpinning it, remain unclear,

. Herein, we present the comprehensive study of external and internal drivers of
the riverine adaptive divergence of the saimonid fish Salvelinus malme. In the
Kamchatka River, north-gast Asia, this species splits in the reproductively isolated
morphs that drastica ILy differ in p;--:ology and morpho Iogy: the banthivorous Do Ily
Varden (OV) and the plscivorous stone charr (SC).

. To understand why and how these marphs originated, we performed a series of
field and experimental work, including common-ga rden rearing, comparative
ontogenetic, physiological and endocrinological analyses, hormonal 'engineering’
of phenotypes and acute toxicological tests.

. We revealed that the type of spawning gr ound acts as the decisive factor driving
the radiation of 5. malma. In contrast to DV spawning in the leaf krummbolz zone,
SC repraduces in the zone of coniferous forest, which litter has a toxic impact on
developing fishes, SC enhances resistance to the toxicants via metabelism

()

(¥}

'S

acceleration provided by the elevated thyrold hormone expenditure. These
physialogical changes lead to the multiple heterochronies resulting n a specific
morphology and ecology of SC.

. Salvelinus malma represents a notable example of how the thyrold axis contributes
to the generation of diverse phenotypic outcomes underlying the riverine
sympatric divergence, Our findings, along with the palesecology data concerning
spruce forest distribution during the Pleistocene, provide an opportunity to

L

reconstruct a scenario of S. melma divergence, Taken together, obtained results
with the data of the role of thyroid hormiones in the ontogeny and diversification
of fishes contribute a resource to consider the thyroid axis as a prime difector
orchestrating the phenotypic plasticity promoting evolutionary diversification
under the changine environmental canditions

Stone charr
hyperthyroid piscivorous morph

Dolly Varden
hypothyroid benthivorous morph

thyroid toxic
hormone environment
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Experimental evidence of the role of heterochrony in evolution
of the Mesoamerican cichlids pigment patterns
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The Mesoamerican cichlids display a spectacular diversity of pigment patterns. which
serve a variety of functions and serve as a strong selective trait for this lineage. The
development and variation of coloration in the Mesoamerican cichlids have been
detailed by several groups. In particular, Ri¢an, Musilovd, Mugka, and Novik (2005)
and RiZan, Pidlek, Dragovd, and Novik (2016) determined homology of pattern and
revealed four alternative types of coloration and their ontogeny. In this work, this
group posed an “ontogenetic timing hypothesis” proposing heterochronic shifts
underlying major transitions in the evolution of the Mesoamerican cichlids. Here, we
experimentally test this hypothesis by experimentally altering timing of pigment
pattern formation in the convict cichlid Amatitlania nigrofasciata, a member of the
Mesoamerican cichlids, via manipulations of thyroid hormone (TH) function. The
response of different pigment cell lineages to TH-perturbations revealed that the
transition from larval to juvenile coloration in the convict cichlid is under the control
of TH-signaling. Importantly, hormonally induced changes in the timing of pigment
cell lineages’ development resulted in shifts of coloration ontogeny type observed
between lineages and led to the appearance of phenotypes mimicking those in
phylogenetically close and distant species. Thus, our findings support the hypothesis
that simple changes in ontogenelic timing underlies species specific patterns in
pigmentation and provide new perspectives for studying the role of endocrine

signaling in the evolution of cichlids.
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Hypothyroid group

Normal development

head ELM -

LS (ELM) -
LS (ELM) =
Xnt trunk -

lip ELM -

C, Pet ADM -

Ird trunk -

Bar 1 (ADM)
ADM bases D, A -
ADMA -

ADMD -

ADM Py -

Ird Op -
XntD,A,C -
ErtD.A -
Vertical bars (ADM) -
aD,A -

Xnt Py -

Ird PV -

Bar8 (ADM) -
Op spot (ADM) -
Sexual dichromatism -
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FIGURE 8 The sequence of the pigment cell and pattern element appearance in A. nigrafasciata reared under different hormonal regimes:
normal development, hyperthyroid and hypothyroid groups. ELM, early larval melanophores (black): ADM, adult melanophores (black): Xnt,
xanthophores (yellow): Ird, iridophores (gray ); Ert. erythrophores (red): T LS, first lateral stripe: IT LS, second lateral stripe: Op spot, opercular
spot: A, anal fin; C, caudal fin: D, dorsal fin; Pct, pectoral fins; Py, pelvic fins: dpf, day postfertilization. Blue vertical dashed lines indicate the
onset of juvenile period in each group
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FIGURE 6 Sexual dichromatism in adult A nigrofasciata reared under different hormonal regimes: a and b, male and female from control
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Summary

The Weberian apparatus (WA), a structure consisting of the greatly modified four anteriormaost vertebral elements, enhances the
hearing in Otophysi. Since WA is one of the most spectacular examples of vertebral column transformation and regionalization, the
mechanisms underpinning WA origin and evolution have received considerable attention. A number of hypotheses exist, but a
consensus has not been reached, primarily due to the relative paucity of experimental data. One of the most plausible propesitions
concerning the leading role of specific developmental changes in WA evolution, likely constituting differences in gene expression,
was offered by Bird and Hernandez (2009). Here, we provide an analysis of developmental and morphological data obtained from
experiments with cyprinids, in which developmental deviations were caused by induced hypo- and hyperthyroidism. The synthesis of
our results with morphological and developmental data obtained in different teleosts empirically demonstrates the invelvement of
different developmental changes in WA evolution. Moreover, our results emphasize the potential role of thyroid signaling pathway
in bony fish (Osteichthyes) evelution, including the origin of various types of morphological novelties.
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Development of zebrafish paired
and median fin musculature: basis
for comparative, developmental,
and macroevolutionary studies

Natalia Siemava?, Fedor Shkil®?, Elena Voronezhskaya? & Rui Diogo®
[ [ ya g

The model organism Dario rerio (zebrafish) is widely used in evo-devo and comparative studies.
Mevertheless, little is known about the development and differentiation of the appendicular
musculature in this fish. In this study, we examined the development of the muscles of all five
zebrafish fin types (pectoral, pelvic, anal, dorsal and caudal). We describe the development of the
muscles of these fins, including some muscles that were never mentioned in the literature, such as

the interhypurales of the caudal fin. Interestingly, these caudal muscles are present in early stages but
absent in adult zebrafishes. We also compare various stages of zebrafish fin muscle development with
the configuration found in other extant fishes, including non-teleostean actinopterygians as well as
cartilaginous fishes. The present work thus provides a basis for future developmental, comparative,
evolutionary and evo-devo studies and emphasizes the importance of developmental works on muscles
for a more comprehensive understanding of the origin, development and evolution of the appendicular
appendages of vertebrate animals.

Caudal fin fold

Figure 2. Early development of the caudal fin musculature in the zebrafish. The tip of the tail is shown with
the caudal fin fold (dashed blue line} and mesenchyme concentrated in the candal fin bud (dashed yellow line)
(a). The white dashed line schematically outlines the area of interest shown in other figures. At 3.3 mm NL, two
muscles are present in the caudal fin (b). Ventral caudal muscles develop before dorsal muscles. At 44 mm NL,
PH - parhypural, H1 - hypural 1, and first fibers of ventral caudal muscles can be seen (c).

Hypeaiils

Figure 3. Development of the deep dorsal caudal fin muscles in the zebrafish. At 4.6 mm NL, ventral caudal
muscles grow towards the caudal fin rays are present. (a) By 5.0mm 5L, ventral caudal muscles reach the caudal
fin rays (b) and development of the deep dorsal fin muscles starts (c,d). The flexor caudalis dorsalis inferioris
can be seen at 5.2mm SL () and the flexor caudalis dorsalis superioris appears at 5.5 mm SL (d). Note: different
colors in (¢} do not mean different staining, but were used to contrast the flexor caudalis dorsalis inferioris and
the dorsal caudal muscle lodging in different layers. The ventral caudal muscle is still attached to the dorsal
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Skull development in the Iberian newt, Pleurodeles waltl
(Salamandridae: Caudata: Amphibia): timing, sequence,
variations, and thyroid hormone mediation of bone appearance

Sergei V. Smirnov | Ksenia M. Merkulova | Anna B. Vassilieva

Passutme yepena ncnaHCKoro
TouToHa Pletirodelec waltl
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Tadpole of Microhyla picta Shenkel (Anura: Microhylidae),
an endemic narrow-mouthed frog from Vietnam
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CoctaB n1abopaTopum U CTaTUCTUKA

dNno AONKHOCTb yucno ctaten WS
2018 | 2019 | 2020 [ >(2018-2020)
CmupHos C.B. 3aBeayroLWnn, 1 1 2
FNaBHbIA HAay4YHbIN COTPYAHUK
bopwucos B.b. Hay4YHbIN COTPYAHUK 0
Bacunbesa A.b. CTapPLIWNM HAYYHbIA COTPYAHMUK 1 1 1 3
KanutaHosa [].B. CTapLUMIA HAaYy4YHbIA COTPYAHMK 1 1
MepKynosa K.M. MNAALWNNA HAYYHbIA COTPYAHUK 1 1
Lleccapckmn A.A. CTapLUWNIA HAay4YHbIN COTPYAHMUK 2 2
WKknnb O.H. CTapLUMIM HAaYy4YHbIA COTPYAHMK 3 4 3 10
bykpeesa C.H. rNaBHbIN cneuuannct 0
[3epKUHCKum K. . BeAYLLNIM NHKEHEP 1 1
MBawKnH E.T. UHXeHep 0
MepgHukos [.H. CTapPLINIM NHKEHEP 0
CenesHes [.T. BeAyLLNIN NHKEHEP 0
bapaHoBa K.N. ONNNOMHUK 0

B 2018-2020 rr. onybankosaHo 16 ctaten WS n 1 rnaBa B moHorpadpum.
CpepaHee yncno ctatern WS Ha HayyHoro coTpyaHuKa B roa — 0,71 (=3,3)
CpeaHunn umnakt-pakTop ctatbm — 1,45
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lNMhaHupyemblie uccnegoBaHuA.
PenpoayKTusHble CTpaTerMm n aBoAOLUA OHTOreHe3a
B Pa3HbIX 3KONOrMyeckux rpynnax ameoubunm




lNMhaHupyemblie uccnegoBaHuA.
[eTepoXpOHUU B 3BONOLMM OCETPOODOPA3HbIX
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lNMhaHupyemblie uccnegoBaHuA.
UccnepoBaHUe paHHEro OHTOreHesa Ce30HHbIX U
MHOro/1IeTHMX Kapno3ybbix
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NnaHupyemblie uccnenosaHuUA.
N3yueHue nococesbix pbib B KOHTeKcTe EcOEvoDevo
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lNMhaHupyemblie uccnegoBaHuA.
MU3yueHue comoB B KOHTeKcTe EcoEvoDevo

NpyaHOU NNAaBHUK KaK
pecnupaTopHbIN OpraH
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