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‘Lophenteropneust’ hypothesis
refuted by collection and photos
of new deep-sea hemichordates
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The deep ocean is hame 1o a group of broad-collared hemichar-
dates— the so-called lapheneropneusts’ —that have been photo
graphed gliding on the sea floor " * but have not previously been
collected. It has been chimed that these worms have callar
tentacles and blend morphological features of the two main
hemichordate body plans, namely the tentad e-loss enteropneusts
and the tentack-bearing pterobranchs. Cansequently, loph
emeropneusts have been invoked as missing links to suggest
that the former ewolved into the latter”. The most significam
aspect of the lophenterapneust hypothesis isits prediction that
the fundamental body plan within a basal phylum of deutero-
stomes was enterapneustdike The assumption of suchan ances-
tral state influences ideas about the evalution of the vertebrates
from the invertebrates” ''. Here we report on the first collected
specimen of a broad-collared, deep-sea enteropneust and
describe it as a new family, genus and species. The collar,
although disproportionately broad, hacks temacks. In addithon,
we find no evidence of tentacles in the available deep-sen
photographs (published and unpublished) of broad-collared
emeropneusts, inchiding those formerly designated as lophen-
terapneusts. Thus, the Jophenteropneust hypothesis was based
on misinterpretation of deepsea photographs of low quality and
should no Jonger be used to support the idea that the enterop
neust body plan is basal within the phylum Hemicho rdata

The recendly callected enteropnenst (Figs 1a, band 2} sdescribed
bekone a5 a new family, genws and speciesin the ciss Enwerop e usta
of the phylum Hemichardata
Diagnases. Torquaratarklae fam. nov: probasas and collar each
conspicuously broader from side-to-sick than in their other chmen
skms {anteropasterior and dorsoventral); with praminent hepatic

creca, but bcking syaptickes

Tarquarator gen. nox: diagnasis as for family
Tarquarasor bullocki n. sp. Descrip o Living adult 70 mm lang
and 15 mm wile through collar {smaliest Jength-to-width ratio
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knoven forany adult enteropneust ). Northastern Pacific Colour in
fife tan anteriorly, grading into Iight blue posteriarly, exceptwhere
birge whike oocytes and dark grey gut contenss show dhrough
transhicent body vall. Prabascis a kooe dome wath brexdth ($mm)
comspicuously exceeding anteropasterior or darsoventral dimen
siors {bath dbow Smmbk indudes bicaal dwerticulum {stomo-
chard} and probosas skdeton with very shart anterior and
poskerior horns; proboscs base encrched by basiepilermal nerve
ring. Collir breadth {153mm} greater than ankrapasterior ar
darsaventral dimensions (both about 7mm}: wide mouth at
anterior end of

u apens mto spacious bucal cavity: colbr
{Fig. 1h Black arrone), paired perihuemad

with mlventral o
spaces, and callar nerve card hicking lumen. Trunk accompanied
alang entire dength by hateral wings {sheet-like fokks of body wall)
and by dorsal and ventral wrunk nerves Lateral wings curling over
dorsal surfice of trunk i life, but retracting after fixaton Alang
amerior third of trunk (Fag. 1b, g1}, hteral wings indude severd
P red separake ovaries containing oo ytesof dive rae staes; bargest
oacytes (dbout 0.5 mm in diameser) white and visible through body
wall (Fig Ja. bl Pharynx{running thro ugh anterior &0% of gonadal
regian) dorsaventrally flantenad without subsd vision inso resp ras
ary region darsaly and digestive region vemrally. Seweral dasen
phar mgeal gill shits m anteroposteriaor row on either sicke of dorsal
millne with carrespanding gl pores in overdying epklerms. No
synapticles joining primary and secondary gill bars. Oesophagus
{pesterior 40% of gomadal region} subklinded imto ankeriar and
poskeriar zanes (thin-valed, dorsoventrally finened) separatad by
middie 2one {thickaalled, circular in cross-section). Intestine,
traversing poskerior two-thixls of trunk (Fig. 1b, it} as Jong heputi
region ameriarly {pleared an enher sikle by several dozen hepaix
caeca with overlying epklermis dosely following their consours)
falionwedl by shart postensor region (hicking cieca or obvious anal
sphincter). In all by regoms, muscubiture poardy devdoped
epilermal mucus cdls uniformly abundamt

Etymology: Torquarater derives fram the Latin forques {collar) phus
arates {phughman) and rekrs 10 sediment-furvesting by the
collar region The speafic mme, bullock, homours Professar Thea
dore Halmes Bullodk, who pubdished his PhD dissertation on

Agure 1 loktyioo X
a4 bwy i
action sarmpler (o right). Scale Lar, 5 om B, Vertrad view of the
ot or

Maby Sk (Phyum el dondta, Class Erterogpreasty
ek Cromd K o 0o -6 oo st b elre ool bcton by & ho s
sarme @ ecimen ofer
goredaf trunks ragion G2

G

1 fostion show ing the probosci s (7Y, colkr (C
and Int trurks regian {4 the back arom indicatess the midw vl i in the colr
o e whit ki con n of o rigne sie of the colir hat
Oocurred urvg caplre vl fodlon. Scae by, 1o
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[lepsbl

YTBepXaaeTca, 4YTO 4YepBM W3 rpynnbl,
nonyyuseLlen HassaHme Lophenteropneusta,
MMEIT BOPOTHMK U LLynarnbLa U coyeTaroT
Mopdhonornyeckme  ocobeHHoOCTU  OBYX
OCHOBHbIX  rpynn  nosiyxopaoBblX — —

KULleYHoObILLALLKX, obnagatoLmnx
BonbLNM XOBOTKOM, N KpblnioxXabepHblX, Y
KOTOPbIX NMerTCS Lynanbua.

Lophenteropneusta 6biIin  onucaHbl  Kak
HeYToO cpeaHee MexXay AByMS Krnaccamu.

Hanbonee 3HauYnMMbIn acnekT rmnoTesbl
O HUX - 9TO NpencKasaHue TOoro, 4YTo
M3HavasribHbIA NfiaH CTPOEeHUs BCen
rpynnbl BTOPUYHOPOTLIX Obln BfIN30K K
nfiaHy CTPOEHUS KMLeYHo4blwallero.

S

B394

Figure 1 Holotype of Torguavalor butiockl (Phylum Hemichordata, Class Enteropnausta).
a, Living spaciman (arrowed) crawling on deep-sea lloor just betore cobection by a hose
suction sampler {at right). Scake bar, S5cm Vantral view of the same specamen aftar
collection and fxation showing the proboscis Pr), callar (Co), gonadal trunk region (Gt)
and inlestinal trunk region (0; the black arrow indicates the midventral sit in the collar,
and the white arrow the anefactual compression of the right side of the collar that
occurred during caplure and lixabion. Scale bar, 1cm.



Figure 3 Deep-sea photographs of broad-collared enteropnausts not yet collected and  collar extendad posterodorsally by two conspicuous lobes. d, Mid-Pacific form with
described (depths, longitudes and latitudas are given in Table 1). a. b, Westem Pacific(@  high dome-shaped proboscis and very braad collar. e, A second North Atlantic form with
and Eastam Pacific {b) forms, wath low dome-shaped proboscs and moderataly broad small shield-shapad peoboscis and moderately broad collar. Scale bar, 1cm (@, ef
collar. e, North Atlantic form with high dome-shaped proboscis and moderately beaad Sen. d e



Torquarator bullocki

T. bullocki 6bin oBHapyxeH 27 wuons

ik — 2002 Ha rmmybuHe 1901 m B ceBepo-

_, _ BOCTOYHOM YacTu Tuxoro okeaHa, npwu

cmmu{ Buccal cavity KOHUeHTpauun kucnopoga 1,45 wmn/n,

coneHoctblo 34,4 %o n Temnepartype 2,01
rpagycos.

Pharynx and gill sits

Oocytes

Oesophagus .
B3pocnas ocobb obnagaet agnuHon B 70 MMm

atacal wing N lWMpHON 15 MM (cpes3 Yepe3 BOPOTHUK).
XoboTOK ¢ wupuHon (8 mMM), 3aMeTHO
npeBoCxXoasLLEN nepegHesagHue nnm
AOPCOBEHTpanbHble pasmepbl (OKOMI0 5 MM);
BKNoYaeT OyKKanbHbIN OVNBEPTUKYN
(stomochord). WupuHa BopoTHuka (15 mm)
oonbwe, 4em nepegHUn UNU  3agHUN
AopcoBeHTpanbHble pasmepbl (OKONO 7 MM).
Bo Bcex obnactax tena myckynartypa cnabo
passuTa.

Trunk £

Intestine

Fgure 2 A diagram of Torquavalor budockd in dorsal view. The lateral wings are shown
urdolded from the dorsal sikle and exdendad iaterally 1o parmit a clearer vigw of the course
of the dipastive tract (n yellow)



C 3BO/IIOLUMOHHOM TOYKM 3PEHUA CaMbI BaXKHbIM
BbIBOA, B CTaTbe 3aKAOYEH B TOM, YTO 3aMeETHas
WMpMHa BOpOoTHUKA T. bullocki He obycnosneHa
HannymMem wynaneu,

HeT poKasatenbcts, Yto Lophenteropneusta cyuiecTtsytor,
MX MOMHO BbIYEPKHYTb M3 CMUCKA MPOBOKALMOHHbIX
HeAO0CTaloWUX 3BEHbEB 3BONOLMM NONYXOPAO0BbIX.

3Ta runoTtesa HeBepHa W3-3a HEeMNPaBW/IbHO MCTOJIKOBAHHbIX
rnybokoBogHbIX ¢doTorpaduini HU3KOrO KayvecTtBa, KOToOpble
6onblle He AO/IKHblI UCNONb30BATLCA ANA NOAAEPIKKN UAEN O
TOM, YTO NNaH TeNla KaK Yy KuleYyHoAbllallero ABAsAeTca
OCHOBHbIM B Mnpejenax TMna noayxopaosbix. ®oTorpapumn He
06/1243a10T A0MKHbIM Ka4eCcTBOM, YTOObI NPOAEMOHCTPUPOBATL
NPUCYTCTBME UM OTCYTCTBME BOPOTHUKOBBIX Lynanedl.
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Ohservations on torquaratorid acorn worms (Hemichordata, Enteropneusta) from the
North Atlantic with descriptions of a new genus and three new species
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Antonina Rogacheva,” and Nicholas D Holland™

" Oceanlah, University of Aberdeen, Aberdeen AB41 6AA, UK
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Abstract, Enteropneusts in the family Torquaratoridae were imaged using still and video
cameras in the deep Morth Atlantic and then collected by remolely operated vehicles, From
this material, we describe Yoda purpirata n, gen, n. sp., Tergivelun cnnabarinum n, sp., and
Aftapazus fsidis n. sp. Individuals of the first two species were browsing completely exposed
on the sea fAloor, whereas the specimen of the last species was encountered floating ~1 m
above the sea Noor, Living specimens of Y. purpurata were 12-19 om long and had a dark
reddish-purple proboscis, collar, and genital wings (Tolded doersally over the anterior region
of the trunk). Members of this species were hermaph rodites (the first ever discovered in the
phylum Hemichordata), with numerous separate testes and ovaries in the genital wings,
Living specimens of T, ciongbarinum were 12-26 em long and had a cinnabar-coloned
proboscis, collar, and back wveils (arising lrom the anterior region of the trunk); sexes were
separate, and body shape and internal morphology closely resemble those of its brown con-
gener, T, haldvwinage, from the eastern Pacific, The only specimen of A, isidis collected was a
male 13 cm long and pale yvellow when alive, Its body shape was proportionally shorter and
broader than that of its orange congener, 4. auwannacws, from the eastern Pacilic, but the
imternal anatomy of the twoe species is virtually identical, [Corvection made after online pub-
lication August 21, 2012 to correct species name in preceding sentence )

Adddditional Eey words: hermaphrodite, Torguamtonidae, benthopelagic festyle

Hemichordata is a  small phylum  of =140 that direct the development of acorn worms and
deseribed extant species, four [lths comprising class  vertebrates (Lowe 2008). As a resull, acorm worms
Enteropneusta and the rest class Pterobranchia.  continue to atiract attention Far out of proportion

species

Invertebrate Biology 131(3): 244-257.
© 2012, The American Microscopical

Society, Inc.
DOI: 10.1111/j.1744-7410.2012.00266.x
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Enteropneusts, commaonly called aeorn worms, share
some anatomical features with vertebrates, namely
pharyngeal gl pores and, more contentiously, a
dorsal hollow nerve cord and notochord (=stomo-
chord) (Mewell 1952, Hall 2005), Consequently,
morphologists have long debated whether entero-
prieust-like creatures pave rise o the vertebrales
(reviewed by Gee 1996). Interest in this phylogenetic
seenario has recently been renewed by the discovery
of some similaritics between the genetic programs

“Authar for correspandence,
E-mail: nhollandiz nesd edu

to the modest number of living species in the group,

For over a century, three enteropneust families
were  recognized  (Prychoderidae  Seencel  1R93,
Spengelidae Wittey 1899, and  Hardimaniidae
Seenvael 1902), More recently, a fourth family, the
Torquaratoridae Howeann v oan, 2005, was
described. Although this last family was  preeted
with  the  criticism  thal its  members  probably
belonged within the Piychoederidae (Cannen et al,
2000; Anderson et al, 2001), the validity of the
Torquaratoridae was established robusily by the
malecular phylogenetic analysis of Osbormn et al.
(20012), who alse re-diagnesed the Family on mor-



Yoda purpurata (Family Torquaratoridae)




Yoda purpurata (C), Tergivelum cinnabarinum (D,E) (Genus Tergivelum, Type species Tergivelum

baldwinae HOLLAND ET AL. 2009) , AIIapasus isidis (F,G,H) (Genus Allapasus, Type species Allapasus aurantiacus

HOLLAND ET AL. 2012)




Yoda purpurata; (Dorsal view, Holotype)

Anus

Nuchal

protuberance Proboscis

Genital wing

Posthepatic
intestine

Prehepatic

intestine
Hepatic
intestine

Posterior Anterior Lateral

b,: dorsal  dorsal |,

Dorsal nerve ridge ridge

cord

A
Lateroventral fold Collar



Yoda purpurata; (All-holotype); (B-dorsal and ventral view of anterior end, arrows show mouth);
(C-genital wings, respiratory region, ventral digestive region); (D-ovaries and testes);
(E-prehepatic intestine, nerve cords); (G-hepatic intestine); (I-gut contents); (J-posthepatic
intestine)




Tergivelum cinnabarinum; (Dorsal view, Paratype)

Anus

Fossa of
proboscis

Proboscis
nerve Transv.

Pharyngeal pores Qalllr

Intestine

Dorsal

protuberance
Dorsal nerve cord

Back veil

Lateroventral fold




Tergivelum cinnabarinum; (B,F,H-Holotype); (B-ventral);
(C-with back veils torn away); (D-buccal muscels shown); (E-with gonads);
(F-testes); (G-ovaries); (H-posterior end of intestine)




Allapasus isidis; (Dorsal view)

A Posthepatic Hepatic
intestine intestine

Prehepatic Pharyngeal
intestine  region Collar  proboscis

Anus

Dorsal apposition of
the lateral wings



Allapasus isidis; (B,C-lateral wings are pulled apart->F, arrowheads show H); (D-dorsal nerve
cord, perihaemal coelom wit muscles, stomochord); (E-proboscis sceleton, stomochord); (F-gill
pores); (G-testes); (H-hepatic intestine);
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Southern Purple Enteropneust
Yoda purpurata n. gen, n. sp

Enteropneust worm / Acorn worm (Tergivelum cinnabarinum) from appro
0 David Shale / ®oTobaHk Jlopwu / Nature Picture Library

lori.ru/25.3
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An Externally Brooding Acorn Worm (Hemichordata,
Enteropneusta, Torquaratoridae) from the
Russian Arctic

KAREN I OSBORN'“*, ANDREY V. GEERUE? ANTONINA ROGACHEVA® AND
NICHOLAS D. HOLLANDA

Deparmen of Invertelbrate Zoology, Smithsonian Institution, Nasional Museum of Natural Hisiory,
Washingeon, D 20013-F0 2; 2P. P. Shirshov Instinute of Oceanology, Russian Academy of Sciences,
Moscow 117007, Russia; and *Marine Biclogy Research Division, Scripps Institation of Oceanography,
University of California ar San Diego, La Jolla, Calijfornia 92003

Abstract. A single specimen of a previously undescrbed
acorn worm in the family Torquaratoridas was trawled from
a bottom depth of about 3530 m in the Kara Sea (Russian
Arctic). The new speciesis the shallowest of the exclusively
deep-sca torquaratonds found to date, possibly an example
of high-latitude emergence. On the basis of ribosomal DINA
sequences and morphology, the worm is described heme as
the holotype of Coleodesmuum karaensis n. gen., n. sp. Itis
mest similar in overall body shape to the previously de-
scribed enteropneust genus Allapases, but is uniquely char-
acterized by a tubular component of the proboscis skeleton
ensheathing the collar nerve cord. Additionally, within the
probaoscis, the sparseness of the musculature of C karaensis
clearly distinguishes it from the much more muscular mem-
bers of Allapasus. The holotype is a female bearing about a
dozen embryos on the surface of her pharyngeal mgion,
cach recessed within a shallow depression in the dorsal
epidermis. The embrycs, ranging from late gastrula to an
cary stage of coelom formation, are a little more than | mm
in diameter and surrounded by a thin membrane. Each
embryo compnses an extemnal ectoderm of moncciliated
cells not aranged in cbvicus ciliated bands) and an intemal
endo-mesoderm; the blastopore iz closed. In the most ad-
vanced embryos, the anterior coelom is starting to constrict
off from the archenteron. Coleodesmium karaensis is the
first enteropreust (and indeed the first hemic hondate) found
brocding embryos on the surface of the mother's body.

Received 20 April 2013: accepted 2 Ocrober 2003,
* To whom comespondence should be sddressed. E-mail: asbomkd@
siadu
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Introduction

The phylum Hemichordata is divided into two classes:
Prerobranchia and Enteropneusta. Pterobranchs, represented
by about 30 descobed species, are found from littoral o
continental slope depths, whereas enteropneusts, with about
100 described species, live predominantly in the littoral
zone (Hyman, 1959) but have occasionally been found in
the decp sea. By the end of the twenticth century, the
following three decp-living enteropneusts had been de-
senbed, one in each of the established families of the class:

landiceps abyrsicola Spengel, 1893 (family Spengelidae,
4570 m), Glossobalanus muscarorae Belichoy, 1971 (family
Ptychoderidac, 2100 m), and Saxipendiwm coronatum
Woodwick and Sensenbaugh, 1985 (family Harnmanudae,
2478 m).

The number of deep-living enteroppeusts recently in-
creased markedly with the descnption of an additional har-
nmaniid, Savipendium nplicarum Holland er al, 2012a
(3034 m) and six new species in the newly recognized
family Torquaratoridac, The latter are Terguaraior bullocki
Holland ef al. 2005 (1901 m), Tergivelum baldwinae Hal-
land et al., 2008 (3932 m), Allapasus aurantiacus Holland
eral., 2012k (2094 m); Tergivelum cimnabarinum Priede er
al, 2012 (2493 m), Allapasus isidis Priede er al, 2012
(2622 m), and Yoda purpurata Priede e al., 2001202622 m).
Smith er al. (2005), Haolland er al (20035, 2009, 201 2k),
Anderson er al. (201 1), Osborn er @l (2012), and Prede er
al. (2012) discussed the ecology of tomuaratorid entero-
prcusts, All known members of the famil y have been found
living epibenthically on the surface of the deep-sea floor,



Phylum Hemichordata Bateson, 1885.

Class Enteropneusta Gegenbaur, 1870.
Family Torquaratoridae Holland et al., 2005 (as re-diagnosed in Osborn et al., 2012).

Genus Coleodesmium n. gen.
Type and only species:
Coleodesmium karaensis sp. n.

Co[ﬁocjeqm]um l{ﬂ\mmc‘rs
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Figure 1. Map showing the collection site (at asterisk) of the holotype
of Coleodesmium karaensis n. gen. n. sp.




Coleodesmium karaensis n. gen. n. sp.

(A) *uBoi 3K3emnaAp co CAWUHHOM CTOPOHBI.
BuaHbl: x060TOK

(Pr), BopoTHMuoK (Co) u Tynosuwe (Tr; 3aaHAS
YyacTb noTepsiHa); 6enaa TpeyronbHaa CTPesKa -
Henpo3payHaA Mosioca Ha BOPOTHWUYKE; YEpHasA
TpeyronbHaa CTpenka — CPeAnHHbIA CNUHHOM
WOoB MexXay OOKOBbIMM KpblbSAMM  BAOAb
TynoBuWa; 6enble CTPENKU — KPYMHble OOUUTI
NN 3IMBPMOHDI, NPOCBEYMBAIOLLME Yepe3 CTEHKM
Tena. (Photo by Tina Molodtsova, P.P. Shirshov
Institute of Oceanology RAS)

(B) ®uKcHpoBaHHbLIN 3K3EeMNASAP CO  CMAWUHBI.
O603Ha4YeHbl  30Hbl, MNPUIOTOB/AIEHHblE  ANA
TMCTONOTMYECKOr0  MCCneaoBaHUA: X060TOK U
BOPOTHMYOK  (Pr Co); rmotka  (Px),
npeaneyéHouyHblin  otaen  KuwedHuKka  (Pi),
ne4YéHOYHbIN OTAeN KuweyHuKa (Hi).

(C) NepeaHAas yacTb nocne yaaneHua 6onbluen
4yacTn 6GOKOBbIX KpblnbeB. Dnc - popcanbHbIn
HEPBHbIA CTBON TY/I0BMLLA, COMPOBOXAAEMbIN
ABYMA pagamu XKabepHbix wenen. CTpenku -
KPYMHble 00OUUTbI AN SMOBPUOHbBI Ha- N BHYTPU
OCTaTKOB KPbl/IbEB.

(D) BeHTpanbHas cTtopoHa. YépHaa TpeyrosbHas
CTPeNKa — CpeaMHHas BEHTPaibHaA KaHaBKa.
(Osborn et al., 2013)




MonepeuHble (A-J) u carnttanbHbin (K) cpesbl
(Osborn et al., 2013)



(A) Cpes uepes uactb H60KOBOro Kpbina
(BorHytas  meamanbHas  MOBEPXHOCTb
CBepXy) B [/IOTOYHOM 06s1aCTU CTBONA,
BMAHbI OOLUTHI, OAMH noyTH
MaKCMMaNbHOro pa3mepa.

(B) NosepxHocTHOe u30bparkeHne ABYX

BOTrHYTOCTEWN B MaTEepPUHCKOM
aNMaepMm1Ce, N3 KOTOPOro HbiAKn yaaNeHbl
3MbBpPUOHDI.

(C) NMoBepxHOCTb racTpynbl, yAANEHHOM C
MaTePUHCKON NOBEPXHOCTH.

(D) YBenuueHHbin BuA, nosepxHoctn C,
BHELUHAA NOBEPXHOCTb 3KTOAEPMbI.

(E) YBennueHHoe n3obpaxkeHne D, BuaHa
MOBEPXHOCTb HECKO/IbKMX OAHOMIYTUKO-
BbIX KNETOK.

(F) Cpes yepes BbliHalLIMBaEMbIi IMOPUOH,
OKPYKEHHbIN TOHKOWM membpaHo
(cTpenka) 7 NPUKPENIeHHbIN K
MaTePUHCKOMY  anuaepmucy  (BHM3Y);

apXeHTepoH amMbpuoHa (nBOMHbIE
3BE3/I04KM) CXHMMaeTca OT nepeaHen
LLe/TIOMUYECKOM noaocTn (opHa

3Be3/,04Ka).

250 ym




ﬂepBble pe3y/bTaTbl U3yYeHUA MUKPOCKOMUYECKOM aHAaTOMMUK
HEeOMMCaHHOIo BUAA ryHBOKOBOAHbIX KULLIEYHOAbILIALLMX
(Enteropneusta, Hemichordata)

HYKMHBIX A.M.’ E)KOBa O.B.’ - JNykmubix AHacracua UBaHoeHa

OmA ¥ NPUPOAD! EaHMEH, N BIH Y M M.BJIOMOHO!

I < ( z B E—mai: lukinyh.anastasiyo@yandex ru
P BIJI e H KO [ ] .’ HayuHbiit pykosoguTent: K.6.H Exxosa Onbra BaagumuposHa
Ceweitcteo Torquaratoridae (Holland, Olague, Gordon, Gebruk, Pawson & Vecchione, 2005),
obveguHmowee npeacTasuienen Enteropneusta [Hemichordata), ofutaowmx Ha raybuHax 350-
° oy ° oy 4000 mewpos, GbO OTKPLTO HegaeHo, B 2005 rogy. B HACTOAWWA MOMEHT OHO BKAIONERT

9 ONUCaHHDIX BUAOE B COCTABE WeTTH POA0s.
B Hawem pamopr#eHum Gono 2 ocobu npegnonouTenbHo HOBOrO BMaa Torquaratoridae,
nonysesHbx 8 Komangopckon komoeuHe, BepuHroso mope, 8 75 pelice HUC cAkagemurk M A
a ' I axo B Naepexmoes (2016 r.) c myBuHo: 2289 m. SiaemnnaApol (pUc. 1) OTTHATDI Ha gHe in Situ M 0TDBpaHD!
L J ° C NPUMEHEHWEM TRNEYNPaBNAEMOTO NoAgsogHoro annapata (TMNA) «Komans 1 Marepuan Gown
3adurcupoeaH B GOpManuHe. VBTOTOBNEHDI NONEPEYHAA W CArMTTANEHEA CEPUM CPe30B x00oTKa,
BOPOTHMHKE W NEpefHEr0 YSaCTKa DPaHXMO-TEHWTANLHOMD OTaena Tynosuwa. Cremka cpe3os

O 6Hapy>KeHMe TYHOBM]I[HBIX ;gg;.mmmacu nomoLsIo GoToMUKPOCKONOS Axioplan 2 (“Carl Zeiss Microscopy’, Jena Germany,

MpyU ONUCaHMM HOBLIX BMAOE TOPKEEP3TOPUA OCHOBHOW yNOp ODbMHO AenaeTA Ha
MONEKYNIAPHDIH 3HANME WCCNEAYEMbIX NPejCTaBWTRNed, TOMA3 KaK MX  MOPPONOrM-ecron

OPraHM3auWM BHUM3EHWA YORNAETCA HESDCTITO4HO. b0 Hawel aboTol  ABNAETCA
e , I O |\ {I OH K I OB MOpHONOrHHECKOe ONUCIHWE NPEACTABUTENA HOBOTD BUAS CemelcTea Torquaratoridae.
H ’ 7 - -

B HECTORWWIA MOMEHT HaMK ObNM NOMY“EHDI CASAYIOWME A3HHDIE NO MMKPOCKDNMHECKON

Puc. 1. Briewnist sua wecneayemsa npeacTasirensi Torquaratorida.
paduu caenans: ¢ nomousn TIA xKowmans 185

CxEICTNN
i o e BHATOMUM HCCNEQYEMBIX KHLUEHOILLBLLAX:

» > g 1) BpaHXMO-TEHMTENEHLIA OTAeN TYNOBMIWLE EBHElWHEe pa3genéd Ha gea ywacTka (puc. 1)
I I O , I XO OBBIX R s X2 d % AN BOpPOTHMK M3y43eMbiX 3IGEMNNADOE H3 TMCTONOTHSECKUX CPE33X BLIMAGUT IHIYMTENDHO KOpOHe
& ' : = BOPOTHUKOBOrO OTASNa NPEeACTIBWTRNEH OCTNbHLIX CeMedcTe Enteropneusta, HO NpW 370M OH
: S L Se Bl CMbHO Pa3PaCcTAETCA B CTOPOHDI (pUC. 2).
. g % g 2) XoBOTOK KOPOTKWM, B ©r0 OCHOBaHWW HEXOBWTCA CEOMCTEEHHLI ECEM NONYXOPRAOELIM
RPOTENDHNGT ST : oceB0i, un»Lpenc-nepukmgnmm.mi. KOMM/IEKC OPF2HOB, B COCT3ER KOTOPOID MMEETCA XOPOLIO
phrer D M ; smpavemmn mowepynioc (pyc. 2). C mowepyniocom cooBuaETCA OTETIED 3aWETHBI Ha Cpe3aX
$ KDOBEHOCHDLIA CoCcya, wMayumi saonb GykkantHoro meepmkyna (puc. 2). Mpu 3Tom Ha cpesax
2 ' . OTCYTCTEYET Cepaue, CEONCTEEHHOR NPaACTEUTENAM OCTA/bHBIX TPEX CEMEIHCTE KMLLEHHOADILBLNX.
210 A H .'unu'/w.;m 6 7 3) Y usyHaemMbix 3KEEMNAADOE UMESTCA CTebenbroBbIH CHeneTHbIN InemenT (puc. 2), oTopbii
KHaZI;BI KaﬂeMMM aYK. 2 2 X% 7 oTcywTeyeT y OonblMHCTER npeacTasMTened MyDOKOBOAHDX NOYXOPADEDIX M3 CEMEWCTE2
Xobomxoswili ¢ = Torquaratoridae.

Hewan nepuxapoarssine. 5

yevow

500 jm mysosugbL esoN

[ T — g ——
quaratoridae 5 06A3CTH SopOTHHNKS M OCroSaNKA X0BOTa

4) Ha nonepewHbx (Pe3aX OAHOTO M3 M3YHEEMDIX 3K32MIIADOE  BUAHDI
MHOTO“MCNEHHDIE BOPOHKK BADND H3PYKHOM CTOPOHDI TEHUTNbHBIX Kpbinbes (puc. 3); npu
3TOM NONOBLIX NPOAYKTOE B MEHUTANDHDIX KPHYIDAX HET. Y BTOPOTD 3ieeMn/APa B CoCTase
FEHUTNDHDX KPBINEEE OBHAPYHMBIIOTCA MHOTOSMCIEHHDE AMSHWI (pHC. 4). BosmaHO,
SKIEMNNAD C BOPOHKaMM B TEHUTIDHDIX KPLYIbAX — 370 Camel, NOAOBbIE NPOAYKTHI
KOTOPOTD H2 MOMEHT BUKCALWM Ye BbINKM BbIEEARHBI “Epe3 BODOHKM BO BHELLHIOID CPeAY.
Boporiku, seayuse v8 UENOM3 rEHUTSNbHLIX KDDINBEE BO BHEWHIOD OBHapyxeHbI
KMWEYHOADIUBMX BNEpEbIe.

5) B HpynHbIXX KDOBEHOCHDIX COCYA3X (AOPCINDHOM W BEHTPINLHOM) WMEETA
EHYTDEHHAR 3HAOTENWANLHEA KNSTOHAA BLICTWNKE (puc. 5), wTo ABnmAeTCA ewd ogHOW
0COBEHHOCTDIO UCCNEAYEMOTD HaMK BUAA.

o YL

@ — serTpaANGNBE: HEpENLI CTBIN; 0N — BIPORAN TONOR

FHLEUNIRS; MG — mERTDANSHE MESENTEQWN; A — SATPANSNIA MSUENIR
61 — nepISpINHANNAR NANGETE; MY — TYOBKUNSH LEnOM, 37
st snuTent

k Takum 06pazom, yHE Nepsbie NOAYHEHHBIE HIMKU JaHHbE
5 -~ M : 3 e ~ i Y no MoppoNOTHM VBYHIEMONO BUAA AEMOHCTPUPYIOT €ro om:ﬂuﬁ
E)KOBa OHBFa et s : . T o ] OT APYMX WCCHEe[OBaHHLIX Npexae sfgoa — Kak cemewcTsa
Torquaratoridae, Tak U OCTANLHLIX CEMEWCTE KHLLIEYHOSbILUALLMX.
AusHmrn, HIANCANEHNDIE RUUEMETEIMK e 2 e v Mbi nnakupyem Gonee A[ETantHO WICAEAOEaTL OCOGEHHOCTH
DME = HITaN BB KpENBES (MY OARD M3YHIEMbIX IKI2MMAAPOE € Nomouikio SBVI u komnsiote pHoi 3D-
St s e PEKOHCTPYKLMM OCHOBHBIX CHCTEM OPraHOB U3YHae MOro BUga.

ABTOp EbipaxaeT 6arguapHOCTL THALMOHAALHOMY Ha,'-w'my LEHTPY MoK i Gononm» ,:153 PAH 33 opra EIUNO U r;na=,:|=-m= 'v:a HUC um:aga«m: M. A

651 nofinargnapuTs rebpyka AHapes H3 Ceprea &‘a,q.m PO
paborbi. Wc DEIHME EbINOAHEHD NPY UHIHCOEOM NOAAEPHKE TPaHTa POOU Na 17-04-00482-3.
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