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Tpoxumuyx P. P. Cucrematuka Ta 3aKOHOMIPHOCTI reorpadiqHoro
nomupenHst Tuxoxo#iB (Tardigrada) ATnantuyHoro okeany. — Kpamigikariiitna

HayKOBa Mpallsl Ha MpaBax PyKOIHCY.

Huceprariss Ha 3700yTTS HAYKOBOTO CTymeHs JokTopa (imocodii 091
«bionoris» — MiHiCTepCcTBO OCBITH 1 Hayku YKpainu. — XapKiBCbKUU

HauioHanbHUI yHiBepcuteT iMeHi B. H. Kapasina, Xapkis, 2025.

Jluceprallisi TpPUCBSYEHA JOCTIIHPKEHHIO CHUCTEMaTHKM Ta MaTepHIB
MOIIUPEHHSI MOPCHKUX THUXOXOJIB ATIAHTUYHOTO OKeaHy. MOpPChKI THXOXOIU
Hanexatb a0 tuny Tardigrada Doyere, 1840 Ta maroTh NMpEACTaBHUKIB K Y
kiaci Heterotardigrada Marcus, 1927, Tak 1 y kiaci Eutardigrada Richters, 1926.
BoHu € xomnoHeHTOM MeiloOeHToCcy (MeiodayHu) — rpynud MiKpOCKOMIYHHX
Oprasi3MmiB, Kl BUCTYNAIOTh IEPEBAXKHO KOHCYMEHTaMH MEPIIOro NOPSIKY ado
netpuroaraMd B XapuoOBHUX Mepexax BOJHHX YIPYNOBaHb. Bimomuii Tak
3BaHUM «IapajioKC MEMOOEHTOCY», IKHIl OB’ A3aHUI 3 IIUPOKUM MMOLUIUPEHHIM
NeSKUX BHJIB, MNPOTE 3 BIICYTHICTIO Y MPEICTABHUKIB MEWOOEHTOCY
JUCHEPCIMHUX  CTaliii B JKUTTEBOMY ULUKIL. MOpPCBKI THXOXOIU €
MaJIOZIOCIIIPKEHOI0 TPYMOK 4Yepe3 iX MIKPOCKOMIYHI pO3MIpU Ta CKJIAIHICTh
BUSIBJICHHS BUJOCTICIIM(IYHUX O3HAK. 3HAX1IKA MOPCHKUX TUXOXO/IB MOB’s3aHI
nepeayciM 3 “MUIKOBOJHUMM ™ 3pa3kaMu MEHOOEHTOCY Ta MarOTh MO3AaT4HUI
xapaktep. JocnipkeHHs: reorpadiuHoro MoIIMPEHHST MOPCHKUX THUXOXOJIB B
mitepatypi HeuucenbHl. Ile Bce 3yMOBIIOE HEOOXITHICTH TMPOBEIACHHS
JOCIIJKEHHSI CUCTEMAaTHKH, 010pi3HOMaHITTS Ta Oioreorpadii 3 moriudIeHO0
YBarorw 710 TIIMOOKOBOIHUX 3Pa3KiB, Ta 3 BUKOPUCTAHHSIM HAWOLIBIN AETATBHUX

METO/I1B MOP(OJOTIYHUX TOCITIIKEHb.



Jlnis 3a1iicHeHHs 1€l MeTH HaM# OYJI0 TpOoaHalli30BaHO JITEpaTypHI JaHi
PO 3HaX1JKU MOPCHKUX TUXOXOJIB ATIAHTUYHOTO OKE€aHy Ta WOT0 MPUIIETIINX
BoJA. B pe3ynbpTaTi, MU HAaBOAMMO CHCTEMaTUYHHM CIUCOK 124 BUIIB 3 paiioHy
aochipkeHHs. Po3risiHyaM TakoX JgaHl mpo OaTMMETpPUYHE MOLIMPEHHS X

BU/IIB.

[IpoBeneHo iHBeHTapH3allit0 MaTepianiB 3 BocbMH excneaumiii: PS101 — 3
nigBoaHoi ropu Kapacik, IceDivAl — 3 I6epiticbkoro Oaceiiny, IceDivA2 — 3
Oaceiiny Hprodaynmienny, BIODIAZ — 3 A3zopcbkux octpoBiB, Andeep-l,
Andeep-1l, Andeep-III Tta Andeep-Systco — 3 IliBaeHHOTrO OKeaHy. 3pa3Ku
30upanu 3 6aTiaapHO-a0icanbHOl TOuHM, Bia 294 M rmubunu (BIODIAZ), no
5194 m rnmubunu (Andeep-I). 3aranom npoanamizoBaHo 1255 0coOMH MOPCHKUX

THUXOXO/IIB.

JocmmkerHas: Mopdoiorii TUXOXO/IIB MPOBOJMIA METOJaMH CBITJIOBOT
MiKpocKkomii  (audepeHuiIiHo-IHTepPEepEeHIIINHUNE  KOHTpAacT) Ta pacTpoOBOi
€JIEKTPOHHOI ~ MIKpOCKOmii Ha 0a3i 1HCTUTYTy 3eHkeHOer am  Mep,
Binbrensmcragen, Himeuumna. B xoai pobGoTu MM ajganTyBajld METOJIUKY
BUTOTOBJICHHS IMOCTIMHUX MIKpOINpenapaTiB SK JJs CBITJIOBOi, TakK 1 JJIs
€JIEKTPOHHOIT MiKpOcKorii. BUsHaueHHs BUIOBOT MPUHAIECIKHOCTI MEPEBIPSIIHU 32

OpUTIHAJIBHUMU ONMKMCAMH, BHOCUIIM aBTOPCHKI 3ayBAKEHHSI Ta IPUMITKH.

BusBnennss mnartepHiB reorpadidHOTO TOIMIMPEHHS MPOBOIWIN 3
BUKOPUCTAHHSM CTAaTHCTHYHUX METOJIB, IO 3aCTOCOBYIOThCS B Oioreorpadii
(KmacTepHOro aHajizy Ta HEMETPUYHOro OaraTOBUMIPHOTO IIKAJTIOBAHHS).
CtBOpeHa KOJEKIlI MOPCHKUX THXOXOIB, 30epiractbcsi B 3€HKEHOEPTCHKOMY

my3sei (OpankdypT-Ha-Maiini, Himeuuunna).

B pesynbTaTi aHamizy JiTepaTypHUX JHKEpeNl Ta MPOBEICHHS BIACHUX
JOCTIIKEHb BUSBIICHO, 10 (ayHa ATIAHTMYHOTO OKeaHy Hamiuye 134 Bumum

MOPCBKMX THUXOXO[IB, sIKi HanexaTh a0 11 pomun kmacy Heterotardigrada



(Anisonychidae, Archechiniscidae, Batillipedidae, Coronarctidae,
Halechiniscidae, Neostygarctidae, Renaudarctidae, Stygarctidae,
Styraconyxidae, Tanarctidae, Echiniscoididae) ta 1 poaunu knacy Eutardigrada
(Halobiotidae).

OpuriHagibHUMH  JOCHIIDKEHHSIMH B OaTiajgbHO-allcallbHIN  30HI
Atnantuku BusBiaeHo 19 BumiB Tuxoxoxis: Batillipes wyedeleinorum,
Coronarctus dissimilis, C. tenellus, Moebjergarctus clarionclippertonensis,
Chrysoarctus briandi, Quisarctus sp., Neostygarctus oceanopolis, Angursa
abyssalis, A. capsula, A. antarctica, A. lanceolata, A. lingua, Rhomboarctus
aslaki, Styraconyx givitog, S. nanogsunguak, S. takeshii, Tholoarctus oleseni,

Tanarctus aff. gracilis, Isoechiniscoides aff. sifae sp. can.

BukopucTaHHs pacTpoOBOi €JEKTPOHHOI MIKPOCKOMIi BHSBWIO HOBI
O3HAKH KYTUKYJSIPHOI CTYPYKTYpPH, KITTHUKIB, CEHCOPHHUX OpraHiB Ta
penpoayKTHBHOI  cuctemu  cemu  BuaiB:  Batillipes  wyedeleinorum,
Moebjergarctus clarionclippertonensis, Angursa abyssalis, A. capsula, A.
lanceolata, Tholoarctus oleseni, Isoechiniscoides aff. sifae sp. can. Tuxoxoau
Quisarctus sp. ta Isoechiniscoides aff. sifae sp. can. € kangumaramu Ha HOBI
BUIU 3 OIIAAy Ha ocoOimBOCcTi ixHbOi Mopdosorii. Ilicte BumiB
(Moebjergarctus clarionclippertonensis, Quisarctus sp., Angursa capsula,
Styraconyx takeshii, Tholoarctus oleseni, Isoechiniscoides aff. sifae sp. can.)

BIIEPIIIC BUSBIICHO JIJISI PETI0OHY JTOCIIIPKEHHS.

ITokazano, o poau Angursa ta Coronarctus nmommwupeni o Bciid adicai
AtnantruHoro okeany. Buau Angursa antarctica, Batillipes wyedeleinorum,
Styraconyx qgivitoq, Tholoarctus oleseni, a Takox poau Batillipes, Styraconyx i
Isoechiniscoides ta pomuna Echiniscoididac maroTh mmpoke OaTHMETpHYHE

PO3MOBCIOKEHHST; BOHU XapaKTEPHi, 30KpeMa, 1 Jij1s1 abicaIbHOT 30HHU.



Ha ocHOBiI pe3ynbTaTiB KIJIACTEPHOTO aHAI3y 3HAXiJOK MOPCHKUX
TUXOXO/IIB BUSIBWJIM J[Ba BeNMKi Oioreorpadiuni perionu: “IliBmeHHnii okean”

Ta “AOicaib ATJIAHTUKK .

HaykoBa HOBHW3HA OTpHMaHUX pPE3yJIbTaTIB MOJSTAE B OTPUMAaHHI JaHUX
(GyHIAMEHTAIbHOTO ~ XapakTepy, IMOB’SI3aHUX 3 KOMIUIEKCHOIO  OLIIHKOIO
O10pI3HOMAHITTSI Ta reorpaiyHOro MOIIUPEHHS MOPCHKUX THUXOXOIIB
AtnantnyHoro okeany. IlpeacraBrmeni 3HauHi (1255 o0coOuH) 3HaXiJIKH
TJIMOOKOBOIHUX THUXOXOMIB. 3I1MCHEHO OIMC HOBHUX BHJIB Ta HABEIEHO HOBI
JaHi 1moa0 MOp¢oJorii BkKe BIIOMHX BHUJIIB TUXOXOMIB. Pesynbratu poOisTh
BHECOK y po3yMmiHHI Oioreorpadii MOPCHKUX THXOXOIB Ta MapaoKCy
MeHO0OEHTOCY B LJIOMY. Pe3ynbTaTvl AOCHIIKEHb MOXKYTh OyTH BUKOPHUCTaH1
st (OpMyBaHHS PETiOHANBHUX (DAyHICTUYHUX CIHUCKIB Ta €KOJOTTYHOTO
aHai3y MEMOOEHTOCHHX YrpynoBaHb. Marepiainu TOCHIKEHb MOXYTh OyTH
BUKOPUCTaHI IIJi Yac BHKJaJaHHI KypciB ‘“3oojoria 0e3xpedeTHHx”,
“HaBuanpHa mpakTHKa 3 300JI0Tii Oe3xpebeTHux”, ‘“MeTtoau MIKpOCKOMii B

300J10T11” TOLIO.

KawuoBi caoBa: tuxoxomu, Tardigrada, meiio6enToc, wmeiodayHa,
Heterotardigrada,  Eutardigrada, = ATnanTuyHuii  OKeaH, CHCTEMAaTHKa,

TakCOHOMIs, Oloreorpadisi, OaTiaabHa 30Ha, adicajibHa 30HA.

SUMMARY

Trokhymchuk R. R. Systematics and geographical distribution patterns of
the Atlantic Ocean tardigrades (Tardigrada). — Qualifying scientific work on the
rights of the manuscript.



Dissertation (thesis) for the degree of Doctor of Philosophy 091
“Biology” — Ministry of education and science of Ukraine. — V. N. Karazin
Kharkiv National University, Kharkiv, 2025.

The thesis is devoted to the study of the systematics and distribution
patterns of Atlantic marine tardigrades. Marine tardigrades belong to the
phylum Tardigrada Doyére, 1840 and have representatives in the class
Heterotardigrada Marcus, 1927 and the class Eutardigrada Richters, 1926. They
are part of the meiobenthos (meiofauna), a group of microscopic organisms that
act mainly as first-order consumers or detritophages in the food webs of aquatic
communities. There is a so-called “meiofauna paradox” associated with the
widespread distribution of some species, but the absence of dispersal stages in
the life cycle of meiobenthos representatives. Marine tardigrades are a poorly
studied group due to their microscopic size and the difficulty of identifying
species-specific characteristics. Finds of marine tardigrades are primarily
associated with “shallow” samples of meiobenthos and are mosaic in nature.
Studies of the geographical distribution of marine tardigrades in the literature
are few. All of this necessitates a study of systematics, biodiversity, and
biogeography with in-depth attention to deep-sea samples, and using the most

detailed methods of morphological research.

To accomplish this goal, we analyzed the marine tardigrades literature
records from the Atlantic Ocean and its adjacent regions. As a result, we present
a systematic list of 124 species from the study area. We also considered data on

the bathymetric distribution of these species.

An inventory of materials from eight expeditions was made: PS101 —
from the Karasik Seamount, IceDivAl — from the Iberian Basin, lceDivA2 —
from the Newfoundland Basin, BIODIAZ — from the Azores, Andeep-I,
Andeep-11, Andeep-I11 and Andeep-Systco — from the Southern Ocean. Samples



were collected from bathyal-abyssal depths ranging from 294 m depth
(BIODIAZ) to 5194 m depth (Andeep-1). A total of 1255 individuals of marine

tardigrades were analyzed.

The morphology of the specimes was studied by light microscopy
(differential interference contrast) and scanning electron microscopy at the
Senkenbeg am Meer institute, Wilhelmshaven, Germany. In the course of this
work, we adapted the methodology of making permanent microslides for both
light and electron microscopy. Species identification was checked against the

original descriptions, and the author's comments and notes were made.

Patterns of geographical distribution were identified using statistical
methods in biogeography (cluster analysis and non-metric multidimensional
scaling). A collection of marine tardigrades was created and is stored in the

Senkenberg Museum (Frankfurt am Main, Germany).

As a result of the literature analysis and our own research, it was found
that the fauna of the Atlantic Ocean marine tardigrades includes 134 species s,
which belong to 11 families of the class Heterotardigrada (Anisonychidae,
Archechiniscidae, Batillipedidae, Coronarctidae, Halechiniscidae,
Neostygarctidae, Renaudarctidae, Stygarctidae, Styraconyxidae, Tanarctidae,

Echiniscoididae) and 1 family of the class Eutardigrada (Halobiotidae).

The original research from the bathyal-abyssal zone of the Atlantic
revealed 19 species of tardigrades: Batillipes wyedeleinorum, Coronarctus
dissimilis, C. tenellus, Moebjergarctus clarionclippertonensis, Chrysoarctus
briandi, Quisarctus sp, Neostygarctus oceanopolis, Angursa abyssalis, A.
capsula, A. antarctica, A. lanceolata, A. lingua, Rhomboarctus aslaki,
Styraconyx qivitog, S. nanogsunguak, S. takeshii, Tholoarctus oleseni,

Tanarctus aff. gracilis, Isoechiniscoides aff. sifae sp. can.



The use of scanning electron microscopy revealed new features of the
cuticle structure, claws, sensory organs and reproductive system of seven
species: Batillipes wyedeleinorum, Moebjergarctus clarionclippertonensis,
Angursa abyssalis, A. capsula, A. lanceolata, Tholoarctus oleseni,
Isoechiniscoides aff. sifae sp. can. Quisarctus sp. and Isoechiniscoides aff. sifae
sp. can. are candidates for new species due to their morphology. Six species
(Moebjergarctus clarionclippertonensis, Quisarctus sp., Angursa capsula,
Styraconyx takeshii, Tholoarctus oleseni, Isoechiniscoides aff. sifae sp. can.)
were reported first timefor the study area. It is shown that the genera Angursa
and Coronarctus are distributed throughout the Atlantic Ocean abyssal zone.
The species Angursa antarctica, Batillipes wyedeleinorum, Styraconyx givitoq,
Tholoarctus oleseni, as well as the genera Batillipes, Styraconyx and
Isoechiniscoides and the family Echiniscoididae have a wide bathymetric

distribution; they are present, in particular, in the abyssal zone.

Based on the results of the cluster analysis of the findings of marine
tardigrades, two large biogeographic regions were identified: “Southern Ocean”

and “Atlantic abyssal zone”.

The scientific novelty of the results obtained is the acquisition of
fundamental data related to a comprehensive assessment of the biodiversity and
geographical distribution of the Atlantic Ocean marine tardigrades. New species
have been described and new data on the morphology of already known species
have been presented. The results contribute to the understanding of the
biogeography of marine tardigrades and the meiofauna paradox in general. The
research results can be used for the creation of regional faunal lists and
ecological communities analysis. The research materials can be used in teaching
the courses “Invertebrate Zoology”, “Educational Practice in Invertebrate

Zoology”, “Microscopy Methods in Zoology”, etc.
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