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ABSTRACT: The internal structure of the reproductive system and the reproductive biol-
ogy of chaetognaths remain poorly understood, especially for deep-sea species. This study
investigates the anatomical and histological features of gonad maturation patterns in the
deep-sea chaetognath Eukrohnia hamata (Mdébius, 1875) from the Arctic Ocean, based on
histological examination of the late stages of development (from the third to sixth, according
to Kosobokova, Isachenko, 2017). Adetailed description of the female and male reproductive
systems is presented. We found such unusual features as ventral and dorsal lobes of the tail
coelom and ciliated funnels around the female genital openings, which emerge during the
third stage of development and fully develop by the sixth stage. We assume that the paired
lobes of the tail coelom allow E. hamata to accumulate a larger number of sperm, and the
ciliated funnels increase the chance of capturing male gametes during copulation. For the
first time, paired blood vessels associated with the posterior blood sinus have been described
in the longitudinal mesentery of the tail part of the body. These blood vessels presumably
provide a better supply of nutrients for developing male gametes. A 3D reconstruction is
provided to improve visualization of the genital structures in the area of the posterior sept
and adjacent trunk and tail parts of the body.
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PE3IOME: BuytpeHHee cTpoeHHE M OHOJOTHS Pa3MHOKEHHUS MOPCKHUX CTPEIOK
(Chaetognatha), ocoOeHHO IITyOOKOBOIHBIX NPEICTABUTENCH 3TOW TIPYIIBI, U3Y4YEHBI
Ype3BBIYAHO TT0X0. B Hamield paboTe ¢ MCIONB30BAHUEM THCTOJIOTHYCCKON TEXHUKH
¥ COBPEMEHHBIX MeTOM0B 3D peKOHCTPYKIIMH MCCIIETOBAHBI 0COOCHHOCTH aHATOMHU U
THCTOJIOTHH TMOJIOBOM CHCTEMBI TTyOOKOBOMHOM XeTorHatel Eukrohnia hamata (Mobius,
1875), onpenensironixe KOHKPETHBIE CTaAUK Pa3BUTHs. [IpuBeeHO MoApOoOHOE OTICAHKE
CTPOEHHUS )KEHCKOM U My’>KCKOI CHCTEM Ha CBETOBOM YPOBHE, a TAKOKE I€TAJIU UX CTPYKTYPBI
Ha pa3HbIX CTaausiX oHToreHe3a. CTaJuu co3peBaHMs ONPECISUIICE MO KilacCH(UKanu
KocoboxkoBoit u Mcauenko (2017): Ha 3-i u 4-i ctaguu o0e MOJIOBbIE CUCTEMbI HAYMHAIOT
pa3BUBAThCSA, Ha 5-f cTaANM MY)KCKas TIOJIOBasi CHCTeMa TOCTHUTAeT 3peJoCTH, a Ha 6-i
CTaI| CO3pEBaeT JKEHCKas ToyioBas cuctema. Ilpn m3ydeHnn MOp¢OJOTHH IOJIOBOH
CHCTEMBI BIIEpBbIe OOHAPYKEHBI U OMUCAHBI TaKue e€ 0COOCHHOCTH, KaK HaJIW4yhe BEH-
TpaJbHBIX U JOP3aJbHBIX JOMAcTel XBOCTOBOTO II€JIOMa, a TaKXKe PECHUYHBIX BOPOHOK,
OKpY’KaIOIUX KEHCKUE IMOJIOBbIEe OTBepcTus. Hanuuue mapHbIX jomacTedl XBOCTOBOIO
LesIoMa, o-BUIMMOMY, ITO3BOJISIET CO3peBaroInM ocodsm E. hamata nakaruiusars B HUX
00JIBIII0E KOTMIECTBO MYKCKHX ITOJIOBBIX KJIETOK, & PECHUYHBIC BOPOHKH, BEPOSITHO, ITOBHI-
IIAF0T BEPOSATHOCTH 3aXBaTa MY>KCKHX ITOJIOBBIX MMPOAYKTOB ITPH KOMYJIAIIUH. B mpogonsHOM
ME3EHTEePUH XBOCTOBOM YaCTH TYJIOBHIIA BIIEPBbIE OOHAPYKEHBI MAPHbIE KPOBEHOCHBIE
COCy/blI, CBSI3aHHBIC C 3aJHUM KPOBEHOCHBIM CHHYCOM. [IpeanonoxkuTensHO, HaIu4yue
KPOBEHOCHBIX COCY/IOB ITO3BOJICT JIy4llle CHA0XaTh Pa3BHBAIOIINECS MY)KCKHE T'aMEThI
nuTaTeabHbIMU BelecTBamu. [Ipencrasnena 3D-pekoncTpykius yactu tena E. hamata B
paiioHe TYJOBHIITHO-XBOCTOBOH CENTHI C IIEIBI0 BU3yaTH3aIlMX B3aMMHOTO PACIIONOKECHHUS
TEHUTAIBHBIX CTPYKTYP B 3TOM OTJEJIC Tea KUBOTHBIX.

Kak nmuruposars oty crareto: Urazaeva A.O., Kosobokova K.N., Temereva E.N. 2024.
Internal structure of the reproductive system of the deep-sea chaetognath Eukrohnia hamata
based on histological data and 3D reconstructions // Invert. Zool. Vol.21. No.3. P.261-278.
doi: 10.15298/invertzool.21.3.02

KIJIFOUEBBIE CJIOBA: Chaetognatha, Eukrohniidae, momactu XBocToBOTO 1I€TI0Ma, 38 THSSA
CeITa, PECHUYHBIC BOPOHKH, KPOBEHOCHBIE COCYJIbI B XBOCTE.

Introduction

Chaetognaths, also known as arrow worms,
are bilaterial metazoans that are found in every
marine environment. They are carnivorous, feed-
ing mostly on small crustaceans like copepods
and cladocerans (Sullivan, 1980; Feigenbaum,
1991; Kehayias, Kourouvakalis, 2010, Bonnet
etal., 2010; Grigor, 2017). Inturn, chaetognaths
themselves serve as a food source for pelagic fish,
playing an important link in the marine food web
(David, 1955; Reeve, 1966, Feigenbaum, 1991).
The cultivation of planktonic chaetognaths in
laboratory is challenging (Murakami, 1959),
resulting in limited research on their biology.
Only a few species have been studied, and little
isknown about reproductive biology of deep-sea
species in particular.

Among deep-sea chaetognaths, the reproduc-
tive biology of the Eukrohniidae is of aparticular
interest. Species belonging to this family bear
eggs and developing embryos in marsupial sacs

formed by folded lateral fins. The reproduc-
tive biology of one species of this family, the
deep-water species Eukrohnia hamata (Mobius,
1875), has recently draw significant attention
(Timofeev, 1998; Kosobokova, Isachenko,
2017; Kosobokova, Hopcroft, 2021), but several
aspects of anatomy of its reproductive system
remain unknown. E. hamata has a cosmopolitan
distributionand occursinthe Arctic (Falkenhaug,
1991;, Grigor, 2017), Southern Ocean (@resland,
1990, 1995; Kruse et al., 2009, Bieleska et al.,
2016), Pacific (Nagasawa, 1984; Nagasawa,
Marumo, 1984; Terazaki, 1998), Atlantic
(Feigenbaum, 1979; Reeve, 1980; Bonnet et
al., 2010) and Indian Oceans (@resland, 2000),
playing a significant role in deep-sea food webs
(Feigenbaum, 1991).

The body of chaetognaths consists of a
head, trunk, and tail, with all parts containing
their own coelomic compartments separated
by transverse sept. One or two pairs of lateral
fins and a single caudal fin emerge from the
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flank and the posterior end of the body. The
species of the genus Eukrohnia have only one
pair of lateral fins. Chaetognaths are protandric
hermaphrodites (Terazaki, Miller, 1982; Bone,
1991) with only sexual reproduction known.
The female reproductive systemis located in the
trunk, and the male reproductive system is in the
tail. The male reproductive system of E. hamata
consists of testes, male gonoducts, and seminal
vesicles. Gametes develop in the testes and tail
coelom, while mature spermatozoa accumulate
in the seminal vesicles on the lateral sides of
the tail. The female reproductive system of E.
hamata consists of ovaries and gonoducts also
known as ovispermaducts. During mating, the
vesicles rupture and spermatozoa are released
into the water, where they swim towards female
genital openings. They then penetrate the female
gonoducts to fertilize the mature oocytes. In
most species, the zygote is released freely into
the water where their development continues.
However, in the Eukrohniidae family, eggs and
developing embryosare keptin marsupial sacs of
adults until hatching (Dawson, 1968; Timofeev,
1998; Kosobokova, Hopcroft, 2021).

The ontogenetic development of chaeto-
gnaths, including their gonad maturation, occurs
gradually and smoothly, rather than abruptly.
However, to simplify the description of their
sexual maturation, several researchers have
suggested dividing the ontogenesis into several
stages based on development of the reproductive
system (Russel, 1932; Kramp, 1939; Alvarifio,
1963, 1968; Kosobokova, lIsachenko, 2017;
Kosobokova, Hopcroft, 2021). In this study, we
rely on the classification of gonad maturity stages
proposed by Kosobokova & Isachenko (2017),
whoidentified eight gonadal stages in E. hamata.
According to their research, the male reproduc-
tive system in E. hamata starts to develop at
the third stage, continues growing at the fourth
stage, and reaches full maturity at the fifth stage
(Kosobokova, Isachenko, 2017). The female
reproductive system also starts developing at
the third stage, progresses through the fourth
and fifth stages, and becomes fully mature by
the sixth stage. Fertilization takes place during
the sixth stage of gonad development, and at
the seventh stage, E. hamata release eggs into
marsupium, where growth of juveniles takes
place (Alvarifio, 1968; Kosobokova, Hopcroft,
2021). At the eighth stage, the juveniles leave
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marsupia, and the general degradation of the
reproductive system occurs.

Despite the main stages of the development
and maturation of the reproductive system in E.
hamata having been described (Alvarifio, 1968;
Kosobokova, Isachenko, 2017; Kosobokova,
Hopcroft, 2021), the anatomy of the female and
male gonads at the microscopic level remains
poorly understood. This study aimsto investigate
the internal structure of the E. hamata reproduc-
tive system using histological sections and ad-
vanced 3D imaging techniques. This method has
recently been used for anatomical investigations
invarious invertebrates (Brenzingeretal., 2010;
Boone et al., 2011; Weber et al., 2014; Song et
al., 2020; Temereva et al., 2021), as it has been
found to be helpful in visualizing the relative
position of the internal structures. Our goal is to
understand the interactions between individual
structures within the reproductive system, with
a particular focus on those involved in mating
and egg production.

Materials and methods

Specimens of Eukrohnia hamata were collected in
the Arctic Ocean during the expedition ARK XXV1/3
of the RV Polarstern in August 2011. The zooplank-
ton samples were collected using a Bongo net with
a mouth diameter of 0.5 meters and a mesh size of
300 pum from a depth layer of 0-1,500 m at a location
with a bottom depth of 3,593 m and coordinates 83.5°
N, 60.3° E. The specimens were then fixed with 4%
formaldehyde and later transferred to 70% ethanol.

The external morphology of the reproductive
system was studied using specimens with developing
male and female reproductive systems (stages from
third to sixth, according to Kosobokova, Isachenko,
2017). The specimens were examined using an Olym-
pus XZ7 stereomicroscope, and photographs were
taken using a TopCam digital camera.

To create 3D reconstructions and study the his-
tology of the reproductive system in E. hamata, we
prepared a series of histological sections. We used
parts of chaetognath bodies from the area around the
posterior septthat divides the trunk and tail of the bodly.
The material was dehydrated according to standard
methods. The process of sample dehydration was
as follows: first, the samples were twice submerged
into 96% ethanol solution for 30 minutes each time,
then into the butanol (2 times for 30 minutes each),
then into xylene (2 times for 15 minutes each), then
left overnight soaked into paraplast. After that, the
samples were again submerged in paraplast for 2-3
hours and finally embedded in it. Next, it was cut into
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Fig. 1. Parts of the body of Eukrohnia hamata at different stages of development in area of posterior sept;
photographs of fixed animals. In A-B, the posterior part is on the left; the anterior part is on the right. In C-E,
the posterior part is to the down; the anterior part is to the top. A — 3rd stage; B — 4th stage; C — 5h stage;
D — 5th stage: tail is filled with spermatogenic masses; E — 6th stage: ovaries containing mature oocytes.
Abbreviations: a— anus; dltc — dorsal lobe of tail coelom; fgo — female genital opening; int — intestine; 0oc — oocyte;
oV — ovary; ovs — ovispermaduct; pc — posterior sept; sv — seminal vesicle; tc — tail coelom; tcsm — tail coelom
filled with spermatogenic masses; trc — trunk coelom; vltc — ventral lobe of tail coelom.

Puc. 1. BHewrHuii BUJ| yuacTKOB Tela B 30He 3a1Heil centbl EUKrohnia hamata na pasHbIx cragusx pa3BuTusi;
(otorpaduu pUKCHPOBaHHBIX )KUBOTHBIX. Ha puc. A—B 3aqHs4 9acTh HaXOIUTCA CIpaBa, MEPEIHsIs CIeBa.
Ha puc. C—E 3anH54 yacTb HaXOAUTCS CHU3Y, IepeaHss cBepXy. A — 3-1 ctaaus; B — 4-g cranus; C — 5-1
cragusi; D — 5-51 cramust: XBOCT 3aIlOJIHEH CIIEPMATOTeHHBIMU MaccaMu; E — 6-s cTaaus: B SMYHMKAX Ha-
XOIATCSI 3PENIbIE OOIUTHI.

O06o3HaueHuns: a — anyc; dltc — jgopcalibHast JIoracTh XBOCTOBOTO IieIoMa; fgo — jKeHCKOe M0JI0BOE OTBEPCTHE; int —
KHMIIEYHHUK; 00C — OOLUT; OV — SUYHUK; OVS — OBUCHEPMAYKT; PC — 3aHsAs CENTa; SV — CEeMEHHOH My3bIpéK; tc —
XBOCTOBOH nejoM; tesm — 3aITOTHCHHBIH CIIEPpMATOIr€HHBIMU MacCcaMu XBOCTOBOM neyioMm; trc — ’I'yJ'[OBI/I]J_IHBIf/’I eJIoM,
vitc — BEHTpaJIbHAA JIONACTh XBOCTOBOTO LIEJIOMA.

7 um-thick sections using a Kedee Rotary Microtome
KD-2268 model. The sections were then stained
according to a standard protocol with hematoxylin
and eosin and then filled with Canada Balsam for
permanent preparations. Intotal, four complete series

Results

ANATOMY OF THE REPRODUCTIVE
SYSTEM. Thestructure of the reproductive sys-

of cross-sections were obtained.

These series of histological sections were photo-
graphed using an Olympus BX61VS slide scanner.
Theimageswere processed using IrfanView software,
and then three-dimensional models were created
using Amira software. The final reconstruction was
prepared using Blender.

tem of E. hamata was examined in specimens at
the third to sixth maturation stages (Fig. 1A-E).
The beginning of the development of the male
reproductive system is observed in E. hamata
at the third stage (Figs 1A; 2A, B). During this
period, it consists of compact cord-like testes
located laterally in the tail and the rudiments
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Fig. 2. Anatomy of the reproductive system of Eukrohnia hamata at the third stage of development. A —
diagram of the frontal section showing relative positions of the male and female reproductive systems, the
dashed lines indicate the positions of the cross sections in figures B and C, respectively; B — male reproduc-
tive system; C — female reproductive system.

Abbreviations: cf — caudal fin; cfn — ciliated funnel; int — intestine; 1f — lateral fin; mes — mesentery; ov — ovary;
ovs — ovispermaduct; ps — posterior sept; sd — seminal duct; tc — tail coelom; tes — testis; trc — trunk coelom.
Puc. 2. Anaromus nosoBoii cucremsl Eukrohnia hamata na tperseii crajuu passurtus. A— cxema GppoHTab-
HOTO Cpe3a, I0Ka3aHO OTHOCUTEILHOE PACTIONIOKEHUE MYKCKOH U JKEHCKOH ITOJIOBBIX CUCTEM, ITyHKTHPHBIMU
JUHUASMH OTMEYCHO PACIOJIOKEHUE MONepeyHbIX cpe3oB Ha puc. B u C, coorBeTcTBeHHO; B — MYyKcKas
nosioBast cuctema; C — jKEHCKast ToJIoBasi cCUCTEMA.

O0603Hayenus: cf — XBOCTOBOM MJIaBHUK; cfih — pecHUYHas BOPOHKa; int — KUIIEYHUK; |f — OOKOBOI IITaBHUK; mes —
ME3CHTEePHIA; OV — SIMYHUK; OVS — OBUCIIEPMAJIYKT; pS — 3a/iHsisI cenrta; sd — CeMEHHOM MPOTOK; t¢ — XBOCTOBO [[ETIOM;

tes — CEeMEHHUK; trc — TYJIOBUIIHBIH IIETOM.

of seminal ducts (Fig. 2B). During the fourth
stage, seminal ducts development continues, but
seminal vesicles are still absent (Figs 1B; 3B).

The male reproductive system in E. hamata
consists of paired testes, seminal ducts and
seminal vesicles. At the fifth stage of develop-
ment, the mature male reproductive system
becomes visible (Figs. 1C; 4A). During this
stage, the sperm is released from the testes and
fills the caudal coelom almost completely. The
tail coelom then forms ventral and dorsal lobes

that protrude into the trunk coelom, giving the
posterior sept a curved shape with two dorsal
and two ventral invaginations facing the trunk
coelom (Fig.4A). These reproductive ducts con-
nect to the tail coelom and open into the seminal
vesicles (Fig. 4A, B). The latter are located
laterally in the middle of the tail and are filled
with mature spermatophores which are groups
of sperm joined by a common sheath. At later
stages, male gametes are not found in the tail
coelom (Fig. 5B).
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Fig. 3. Anatomy of the reproductive system of Eukrohnia hamata at the 4th stage of development. A— diagram
of the frontal section showing relative positions of the male and female reproductive systems, the dashed lines
indicate the positions of the cross sections in figures B and C respectively; B — male reproductive system;
C — female reproductive system.

Abbreviations: ¢f — caudal fin; cfn — ciliated funnel; dltc — dorsal lobe of tail coclom; int — intestine; 1f — lateral fin;
mes— mesentery; ov—ovary; ovs—ovispermaduct; ps— posterior sept; sd —seminal duct; sm— spermatogenic masses;
tcsm — tail coelom filled with spermatogenic masses; tes — testis; trc — trunk coelom; vltc — ventral lobe of tail coelom.
Puc. 3. Anaromus nooBoii cucrembl Eukrohnia hamata na 4-it craguu passutust. A — cxema GpoHTaIBHO-
TO Cpe3a, MMOKa3aHO OTHOCUTEIILHOC PACIIOJI0KEHNUE My)KCKOﬁ M SKEHCKOH ITOJIOBBIX CUCTEM, MYHKTUPHBIMHA
JIMHUAMU OTMEUYCHO PACIIOJIOKEHUE IMMONEPEYHBIX CPE30B HaA PUC. Bwu C, COOTBETCTBECHHO, B — MYIKCKas
rosoBas cucrema; C — KEHCKas [10JI0Basi CUCTEMA.

O6o03nauenus: cf — XBOCTOBOM IIAaBHUK; cfn — pecHUYHAas BOPOHKA, dltc — JopcaibHas JIONacTh XBOCTOBOI'O L€JIOMaA;
int— kuiedHuK; |f — GOKOBOIT IIIABHUK; Mes — ME3EHTEPHil; OV — SIMYHHK; OVS — OBHCIEPMAIYKT; PS — 3a/IHsIs CEIITa;
sd — ceMeHHOM IIPOTOK; SM — CIIEPMATOI€HHBIEC MACCHhI; tcsm — 3aroIHEHHBIH CIIEPMATOIr€HHBIMU MacCaMu XBOCTOBOH
LeJIOM; tes — CEeMEHHHK; trc — TYIOBHILHbIN LeJI0M; VItc — BeHTpasbHasi JIONAcTh XBOCTOBOIO LIEJIOMA.

The female reproductive system consists of
three functional parts: the ovaries, the ovisper-
maducts (female genital ducts) and the external
funnels surrounding the genital opening (Fig. 4A,
B). The external funnels are located dorsolater-
ally on the surface of the body, above the fins,
and face the dorsal side of the body. Funnels form
long ciliated lobes extending along sides of the
body up to the posterior sept. The epithelium of

the funnels forms a valve that separatesthe inter-
nal space of the ovispermaduct from the outside
environment (Fig. 4C). The ovispermaduct and
ovary formasingle compacttube, surrounded by
the modified coelothelium of the trunk coelom.
The ovispermaducts pass alongside the ovaries.
In the septal region, the ovaries are connected to
the posterior blood sinuses, through which devel-
oping oocytes are supplied with nutrients (Fig.
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Fig. 4. Anatomy of the reproductive system of Eukrohnia hamata at the 5th stage of development. A—diagram
of the frontal section showing relative positions of the male and female reproductive systems, the dashed lines
indicate the positions of the cross sections in figures B and C respectively; B — male reproductive system;
C — female reproductive system.

Abbreviations: ¢f — caudal fin; cfn — ciliated funnel; dltc — dorsal lobe of tail coelom; int — intestine; If — lateral fin;
mes — mesentery; ms — medial seam of seminal vesicle; ooc — oocyte; ov — ovary; ovs — ovispermaduct; pbs — posterior
blood sinus; ps — posterior sept; sd — seminal duct; tcsm — tail coelom filled with spermatogenic masses; tes — testis;
trc — trunk coelom; val — valve of ciliated funnel.

Puc. 4. Anaromus mosioBoii cucremsl Eukrohnia hamata ua 5-it craanu passurus. A — cxema ppOHTaIbHO-
ro cpe3a, I0Ka3aHO OTHOCUTEIBHOE PaclONOKEeHHE MYKCKOH M KEHCKOH MOJIOBBIX CUCTEM, ITYHKTUPHBIMU
JIMHUSIMM OTMEUEHO PACIIONIOKEHUE TIONepeuHbIX cpe3oB Ha puc. B u C, coorBercTBeHHO; B — Myxckas
nosoBast cucrema; C — KEHCKasl [0JI0Bast CUCTEMA.

O6o3nauenus: cf — XBOCTOBOM TIJIABHUK; cfn— peCHUYHAsI BOPOHKA; dltc — JlopcalibHas JIOTacTh XBOCTOBOTO LIE€JIOMa,
int — kumeyHuK; If — GOKOBOI MITaBHUK; MeS — ME3CHTEPHil; MS — CPEIHHHBIN IOB CEMEHHOTO My3bIPbKa; 00C —
OOLHUT; OV — SIMYHUK; OVS — OBUCIIEPMAYKT, pr — SZHHPIﬁ KpOBeHOCHLIﬁ CHUHYC; PS — 3aJHs CCIITa, sd — ceMeHHOM
MIPOTOK; tCSM — 3aIOJIHEHHBIM CIEPMATOreHHBIMU MacCaMK XBOCTOBOM 11€JI0M; t€s — CEeMEHHUK; trc — TYJIOBUIIHbIH
eII0M, val — xaman pCCHH‘IHOﬁ BOPOHKH.

4C). In their anterior part, the ovispermaducts connected to each other or to the ovary (Fig.

are blindly closed and surrounded by ovaries.
The immature female reproductive systemin
the third stage (Fig. 2A, C) consists of compact
ovaries located on the lateral sides of the trunk.
Atthis stage, the ovispermaduct and the external
genital funnels are beginning to develop in the
epidermis near the sept, but they are not yet

6). The location of these developing structures
suggests that they have different origins. The
ciliated funnel originates from the epidermis,
and the ovispermaduct originates from modified
coelothelial cells (Fig. 6B). At the fourth stage,
the ovaries appear similar to mature ones, but
shorter and contain smaller oocytes (Fig. 3C). At
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Fig. 5. Anatomy of the reproductive system of Eukrohnia hamata at the 6th stage of development. A— diagram
of the frontal section showing relative positions of the male and female reproductive systems, the dashed lines
indicate the positions of the cross sections in figures B and C respectively; B — male reproductive system;
C — female reproductive system.

Abbreviations: a — anus; cf — caudal fin; cfn — ciliated funnel; dltc — dorsal lobe of tail coelom; int — intestine; If —
lateral fin; mes — mesentery; ooc — oocyte; ov — ovary; ovs — ovispermaduct; ps — posterior sept; sd — seminal duct;
tc — tail coelom; tes — testis; trc — trunk coelom; vltc — ventral lobe of tail coelom.

Puc. 5. Anaromus nooBoii cucrembl Eukrohnia hamata na 6-it craguu passutust. A — cxema GpoHTaIBHO-
o cpesa, I0Ka3aHO OTHOCUTEIBHOE PACIIOIOKEHUE MY)KCKOH M KEHCKOH MOJIOBBIX CUCTEM, IIYHKTUPHBIMU
JINHUSIMU OTMEUEHO PAcIIOJIOKEHHE MOoNepeyHbIX cpe3oB Ha puc. B u C, coorBercTBeHHO; B — My»KcKas
nosoBasi cucrema; C — yKEHCKas [0JI0Basi CUCTEMA.

O06o3HaueHus: a — aHycC; cf— xBocTOBOI TIJTAaBHUK; cfn— PECHNYHAS BOPOHKA, dltc — JopcalibHas J10nacTb XBOCTOBOT'O
nesioma; int — KuieyHuk; 1f — GOKOBOI MIIaBHUK; Mes — ME3EHTEPHii; 00C — OOLUT; OV — SIMYHUK; OVS — OBHUCIIEP-
MaJIyKT; ps — 3ajHsis cenra; sd — CEMEHHOI MPOTOK; tc — XBOCTOBOM LIEJIOM; tes — CEMEHHHK; trc — TYJIOBHIIHBII
1CJIOM, vite — BEHTpaJIbHaA 10JIs1 XBOCTOBOI'O IICJIOMA.

the sixth stage, the ovispermaduct significantly
increases in size and is filled with male repro-
ductive products while the eggs become very
large and contain clearly visible yolk granules
(Fig. 5C).

Based on the data obtained, we have created
three-dimensional (3D) reconstructions of the E.
hamata body region in the area of the posterior
sept (Fig. 7). The resulting model allows to

visualize the relative positions of the structures
of the male and female reproductive systems as
described above.

HISTOLOGY OF THE REPRODUCTIVE
SYSTEM. In the mature male reproductive
system, round spermatocytes with filamentous,
complexly shaped nuclei and a diameter of ap-
proximately 10 pum can be found in the posterior
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Fig. 6. The details of early development of the female reproductive system of Eukrohnia hamata. A — the
connection of the developing ciliated funnel and ovispermaduct; B — the rudiments of the ciliated funnel

and ovispermaduct.

Abbreviations: cfn — ciliated funnel; If — lateral fin; ovs — ovispermaduct.

Puc. 6. Jleranu paHHEro pa3BUTHs )EHCKOM 110J10Bo# cucteMsl Eukrohnia hamata. A — coenuuenue pas3su-
BAIOLIUXCS] PECHUYHON BOPOHKH U OBHCIIEPMAyKTa; B — 3a4aTku peCHUYHOM BOPOHKH U OBUCTIEPMAJIyKTa.
O06o03naueHus: cfn — pecHuyHask BOpoHKa; If — GOKOBOII IIIABHUK; OVS — OBUCIIEPMA/IYKT.

part of the tail (Fig. 8A). Blood sinuses are
clearly visible in the ventral and dorsal parts of
the longitudinal mesentery (Fig. 9A, B). At later
stages, single spermatogenic masses containing
filamentous spermatids can be observed in the
germinal zone. The length of these spermatids
may reach up to 90 um. Most of the tail coelom
is filled with these developing spermatogenic
masses (Fig. 8B), which are not covered by
a common sheath and are likely to represent
syncytia of male gametes at different stages of
differentiation. Spermatids and modified sper-
matozoa with elongated, filamentous nuclei are
clearly visible.

The small seminal ducts are located laterally
between the body wall and the coelothelium (Fig.
8C). They are lined with a cubic epithelium that
is about 9-10 pm in height. Inside the lumen of
these ducts, scattered filiform spermatozoa can
be observed.

The seminal vesicles form as an extension
of the epithelial tissue on the lateral sides of the
E. hamata tail, between the lateral and caudal
fins (Fig. 8D, E). The outer wall of the vesicles
is formed by cubic or prismatic cells, measuring
approximately 30 um in height, while the inner
wall consists of flattened cells, measuring ap-
proximately 5-6 um. Unlike the epithelial cells
that cover the rest of the body, the nuclei in the
seminal vesicle cells are easily visible and have
amore elongated shape. Along the entire length
of the vesicle there is a medial seam formed by

prismatic cells with apically positioned nuclei
(Fig. 8D).

The outer wall of the ovary is formed by
flattened cells of the coelomic epithelium, which
lines the outside of both the ovary and ovisper-
maduct. (Fig. 10A). The peri ovarian coelom
contains homogeneous liquid that resembles the
fluid of blood sinuses in terms of its histological
features (Fig. 11). Both oogonia and oocytes
are evenly distributed throughout the ovary.
Throughout the length of the ovary, oocytes
are mostly at the same stage of development. If
the ovary is mature, all or nearly all of the eggs
have undergone vitellogenesis. Follicular cells
with flattened nuclei are spread over the surface
of oocytes.

The ovispermaduct is formed by two layers
of epithelium: an inner layer and an outer layer
(Fig. 10C). Theinternal epitheliumis represented
by a syncytium containing rounded nuclei in its
basal part and numerous secretory vesicles in its
middle and apical parts. On the inner surface
of the ovispermaduct there are accumulations
of secretion synthesized by the syncytial layer.
The outer layer consists of prismatic cells with
elongated nuclei. During the development of the
ovispermaduct, the inner layer may peel off from
the outer layer or even degenerate (Fig. 10D).
During the fourth and fifth stages, the ovisper-
maduct is empty, and both of its epithelial layers
are closely adjoint to each other. However, during
the sixth stage, when it is filled with sperm, the
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Fig. 7. Three-dimensional reconstructions of the reproductive system of Eukrohnia hamata; the anterior side is
on the right and posterior is on the left. A— the 4th stage, laterofrontal view; B — the 3rd stage, lateral view.
Abbreviations: a— anus; cfn — ciliated funnel; dltc — dorsal lobe of tail coelom; int — intestine; pbs — posterior blood
sinus; tc — tail coelom; trc — trunk coelom; ov — ovary; ovs — ovispermaduct; vitc — dorsal lobe of tail coelom.
Puc. 7. TpéxmepHbie peKOHCTPYKIIUH TTOJI0BO# crctembl Eukrohnia hamata; mepenusist yacts pacmonoxena
crpasa, 3aaHss1 ciieBa. A — 4-51 craaust, TarepoppoHTanbHbIi Bua, B — 3-s1 craaus, Bua cOOKy.
O06o3HaueHus: a — aHyc; cfh— pecHUYHAast BOPOHKA, dltc — JopcalibHas JI0nacTb XBOCTOBOTO LEJIOMA; int— KUINCYHHUK;
pbs — 3aaHHIT KPOBEHOCHBIH CHHYC; tC — XBOCTOBOM 1IEJIOM; trc — TYJIOBHILHBIN [ETIOM; OV — SHYHUK; OVS — OBUCIIEP-
MaIyKT, vite — BEHTpaJIbHAas JIOMTAaCTh XBOCTOBOTO II€JI0Ma.
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Fig. 8. The histology of the mature male reproductive system in Eukrohnia hamata at the 5th stage of devel-
opment. A — transverse section of the posterior part of the tail, the arrows indicate sperm nuclei; B — sper-
matogenic masses; C — transverse section through the seminal duct, the arrow indicate spermatozoa; D — the
transverse section of the distal wall of the seminal vesicle, arrow indicates the medial seam; E — transverse
section of the proximal wall of the seminal vesicle.

Abbreviations: ep— epidermis; Isv — lumen of the seminal vesicle; lu— lumen of the seminal duct; sm — spermatogenic
mass; spc — spermatocyte; spt — spermatide; svc — seminal vesicle cells; tc — tail coelom; tcl — tail coelom lining.
Puc. 8. I'ucronorust 3peinioii My»CKoi monoBoii cucrembl Eukrohnia hamata na 5-ii craanu pasurus. A— mo-
Hepe‘{HLIﬁ cpes 3a}1He171 HacCTU XBOCTa, CTPCIIKU YKa3bIBAIOT Ha si/ipa Cli€pMaTO301U /108, B— CIIEPMATOTCHHBIC
MaccChbI; C— HOHCpC‘IHHﬁ Cpe3 CEMEHHOI0 KaHala, CTPEJIKU YKa3bIBAlOT Ha CIIEPMATO30M/IbI; D —nonepequ,Iﬁ
Cpe3 IUCTAJIbHOW CTEHKHM CEMEHHOTO Iy3bIpbKa, CTPEJIKA yKa3blBAET HA CPEIMHHbIN 110B; E — nonepeuHbit
cpes HpOKCHMaJ’ILHOﬁ CTCHKH CEMCHHOIO ITy3bIpbKa.

O003HaueHUS: ep — 3MUJEPMUC; ISV —TIPOCBET CEMEHHOTO ITy3bIPbKa; lu — MPOCBET CEMEHHOT0 KaHalla; Sm — crepma-
TOr€HHas Macca; SpC — CIIEPpMATOLMT, spt — crepMaruaa; SVC — KJICTKH CEMEHHOI'O ITY3BbIPbKa; tC — XBOCTOBOM EJIOM;
tcl — BBICTHIIKA XBOCTOBOI'O neaoma.

ovispermaduct significantly increases in size
and stretches. Both epithelial layers become
flattened, and the nuclei within them become
more dispersed.

The external funnel is formed by pseu-
dostratified epithelium composed of prismatic
ciliated cells with large nuclei elongated in the
apico-basal direction (Fig. 10E). The thickness
of this funnel is approximately 25 pm. The ovi-
spermaduct is adjacent to the ciliated funnel and
opens into it with female genital pore.

STAGESOF GAMETES DEVELOPMENT.
Atthe third stage of development, male gametes
are represented by spermatocytes that fill the
compact testes (Fig. 12A). During subsequent
stages, the spermatocytes are released into the
tail coelom (Fig. 12C), where they differentiate
into spermatogenic syncytia, and maturation
into sperm occurs within these syncytia. At the
sixth stage, the tail becomes empty (Fig. 5B),
and sperm fills the ovispermaduct (Fig. 12E).
As a result, the ovispermaduct contains both
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Fig. 9. Tail blood sinuses in the 5th stage of development of Eukrohnia hamata. A — transverse section of
the posterior part of the tail, arrows indicate blood sinuses; B — a single tail blood sinus within the area
highlighted by a frame (dashed line) in panel A.

Abbreviations: bs — blood sinus; cf — caudal fin; mes — mesentery; sm — spermatogenic mass; spc — spermatocyte;
tc — tail coelom.

Puc. 9. XBocToBBIC KPOBEHOCHBIE CHHYCHI Ha 5-if crajuu pa3sutusi Eukrohnia hamata. A — monepeunsrit
cpe3 3aJHel 4acTu XBOCTA, CTPEIIKH YKa3bIBAalOT Ha KPOBEHOCHBIE CUHYCHI; B — yBenmmueHHbIH hparMeHT
TIONIEPEYHOT0 Cpe3a ¢ KPOBEHOCHBIM CHHYCOM, 0003HaYeHHbIH ITyHKTHPHON paMKoi Ha puc. A.
O6o3HaueHus: bs — KPOBEHOCHBIN CHHYC; ¢f — XBOCTOBOI IUNIABHUK; MES — ME3EHTEPHIi; SM — CIIepMaTOreHHast Macca,

SpC — CIEpMaToLHUT; t¢c — XBOCTOBOI! L1EJIOM.

more or less compact masses of spermatozoa
and homogeneous sperm (Fig. 12E) at this stage.
Female gametogenesis begins withthe bean-
shaped oogonia (diameter of 15-25 um) in the
immature ovary at the third stage of develop-
ment (Fig. 12B). As development progresses,
the oocytes gradually increase in size and their
cytoplasm becomes evenly filled with yolk
granules (diameter of 5 um) (Fig. 12D, F). The
sizes of female gametes at the fourth, fifth, and
sixth stages of development are approximately
55-65, 110-120 and 350 pm, respectively.

Discussion

MALE REPRODUCTIVE SYSTEM. It is
known that all chaetognaths have two testes
located inside the tail coelom. In specimens of
Eukrohnia hamatawithamature male reproduc-
tive system (fifth stage according to Kosobokova,
Isachenko, 2017), the male gametes fill the
coelomic cavity of the tail, with spermatogonia
located posteriorly in relation to the mature
sperm. According to previous studies, the male
gametes develop in the testes located in the
posterior part of the tail and are released into
the coelom (Shinn, 1997; Muller et al., 2019).
However, in histological sections of E. hamata,
we did not observe the release of sperm into the
cavity of the caudal coelom, which is described

for other chaetognath species (Shinn, 1997;
Muller et al., 2019).

Three-dimensional reconstruction ofthe area
of the posterior sept has revealed that the paired
tail coelomsin E. hamata have the shape of cones
thatexpand inthe longitudinal direction forming
paired dorsal and ventral lobes invaginating into
the trunk coelom. This anatomical feature has
not been previously described for chaetognaths.
However, analysis of the literature suggests that
a similar shape of the posterior sept is also pres-
ent in the bathypelagic species Heterokrohnia
involucrum (see Dawson, 1968). In Dawson’s
(1968) work, illustrations of the reproductive
system of H. involucrum show astructure similar
tothat observed in E. hamata. The anterior lobes
of the tail coeloms in E. hamata may increase
their volume and contribute to the accumulation
of a larger quantity of male gametes. Besides,
this “intertwining” of the tail and trunk coelo-
mic compartments ensures the most efficient
exchange of fluids between them and increases
nutrient delivery to developing male gametes.

The appearance, shape, and size of the
seminal vesicles in chaetognaths depend on the
species and the degree of filling with sperma-
tozoa (Bergey et al., 1994; Ghirardelli, 1968;
Tokioka, 1939; Pierrot-Bults, 1976). The seminal
vesicles of E. hamata do not contain additional
secretory or cuticular epithelial structures, but
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Fig. 10. The histology of the female reproductive system in Eukrohnia hamata at the 6th (A, B, D), 5th (C)
and 4th (E) stages of development. A— a mature oocyte; B — the ovary with follicular reticulum visible;
C — transverse section through an empty ovispermaduct; D — transverse section of the ovispermaduct filled
with sperm; E — transverse section of the ciliated funnel.

Abbreviations: cil — cilia; ee — external epithelium of ovispermaduct; ie — internal epithelium of ovispermaduct; fr —
follicular reticulum cell; lovs — lumen of the ovispermaduct; nu — nucleus; os — ovarian space (peri-ovarian coelom);
ovw — ovarian wall; sec — secretion of the internal epithelium of ovispermaduct; secv — secretory vesicles; spz — sper-
matozoa; trc — trunk coelom; trcl — truck coelom lining; val — valve; yo — yolk granule.

Puc. 10. Tucronorus »xeHcKkol monoBoii cuctemsl Eukrohnia hamata na 6-it (A, B, D), 5-it (C) u 4-ii (E)
CTaINsX Pa3BUTHS. A— 3PEIIbIid 00LUT; B — SHMYHHK, BUIICH (OIUTHKYIAPHBIN peTUKYITIOM; C — HONepeyHbIi
cpe3 MyCTOro OBUCIIEpMaayKTa; D — nonepeuHslii cpe3 oBUCIIepMa yKTa, 3al0lIeHHOro cnepmoii; E — mo-
[IEepeYHBbI cpe3 PpECHUYHON BOPOHKH.

O603HaueHus: cil — pecHUYKH; ee — BHELIHHUI dITUTEINIl OBUCTICPMAIYKTa; ie¢ — BHYTPEHHHI JMHUTEINH OBUCIIEpMa-
nykra; fr — KiIeTka (GoIHKYISIPHOTO PETHKYIIOMA; lovs — IpocBeT OBHCHEPMATyKTa; Nu — SIAPO; 0S — BHYTPCHHEE
NPOCTPAHCTBO SAUYHHUKA (HCpH-OBapl/IaJILHLIﬁ I.ICJ'IOM); OVW — CTCHKA AUYHHUKA; S€C — CCKPET BHYTPCHHETO DIUTCIINA
OBHUCIIEPMAAYKTaA; SECV — CEKPETOPHBIC BE3UKYIIBI; SPZ — CIIEPMATO30UIBI; trc — TyJIOBHHIHBIfI OCII0M; trcl — BBICTHIIKA
TYJOBUIIIHOTO LIEJI0Ma; val — KJamnaH; yo — rpaHya »eJTKa.

spermatozoaare forced to overcome obstacles on
their journey to the oocyte. In E. hamata, these
obstacles may be represented by inner and outer

they do have a medial seam. According to our
histological data, the cells in this seam adjoin
each other with their basal ends. This allows us

to envision the seminal vesicle as a sac formed
by the dorsolateral and ventrolateral folds of
the epithelium which interlock with each other.
Subsequent release of spermatophores occurs
when these folds diverge (Shinn, 1997).

The presence of a modified type of sper-
matozoa with filamentous nuclei in E. hamata
allows usto suggest internal fertilization, where

layers of the ovispermaduct.

Spermatozoaat all stages of the reproductive
cycle are gathered in spermatogenic masses,
which can be interpreted as potential spermato-
phores. Small spermatophores were previously
observed in living E. hamataspecimens (Kosobo-
kova, Hopcroft, 2021), but they were mistakenly
identified as amoeboid spermatozoa.
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Fig. 11. Ovary of Eukrohnia hamata connecting with the posterior blood sinus. A —transverse section of the
trunk showing the posterior blood sinus connecting to the ovarian space; B — transverse section of the trunk
close to the sept showing that the posterior blood sinus is separated from the ovary.

Abbreviations: cfn — lobe of the ciliated funnel; dltc — dorsal lobe of the tail coelom; int — intestine; 1f — lateral fin;
mes — mesentery; 00c — oocyte; 0s — ovarian space; ovs — ovispermaduct; pbs — posterior blood sinus; trc — trunk
coelom.

Puc. 11. Coennnenue ssmunnka Eukrohnia hamata c 3ajauM KpOBEHOCHBIM CHHYCOM. A — MOTIEPEYHBIH Cpe3
TyJ0OBHUIlA, BUAHO COCIUHEHUE 3a/THETO KPOBECHOCHOI'0O CUHYCa C BHYTPEHHUM IPOCTPAHCTBOM SAIMYHUKA, B
— TOMEPEYHbIH Cpe3 TYJIOBUIIA PSIOM C CENTOM, 3aJHUH KPOBEHOCHBIH CHHYC U BHYTPEHHEE IPOCTPAHCTBO
SAAYHUKA Pa3bCIUHECHBI.

O6o3nauenus: cfn — onacts peHCPI‘{HOfI BOPOHKH; dltc — JopcalibHas JIOMTAaCcTh XBOCTOBOI'O LE€JIOMA, int— KHUIICYHHUK;
If — GoKOBOI1 IIIABHUK; Mes — ME3EHTEPHil; 00C — OOLMT; 0S — BHYTPEHHEE IPOCTPAHCTBO SUYHHKA; OVS — OBUCHEP-
MamyKT; pbs — 3aJHUH KPOBEHOCHBII CHHYC; trC — TYIOBHUIIHBII LIEIOM.

Inthe posterior region of the tail, paired blood The external funnels that we described as part
sinuses were observed in the mesentery during  of the female reproductive system of E. hamata
our study for the first time (Fig. 9). The details have not been previously observed in other spe-
of the anatomical organization of the circula- cies. Their ciliated epithelium may help capture
tory system vary among different Chaetognatha  spermatophores more efficiently during mating.
families (Malakhov, Berezinskaya, 2001). The This feature may be specific to deep-sea species,
structure of the circulatory system in the trunk although more accurate interpretation of this
and head of chaetognaths is described in detail requires data on the presence or absence of the
in the literature (Sninn, 1997; Malakhov, Ber-  external funnels in other species. The purpose of
ezinskaya, 2001; Muller et al., 2019). However, the valve inthe genital funnel remains unknown.
information about the circulatory system of the The general structure of oocytes in E. hamata
caudal region is scares, and there is no specific ~ correspondstoone described in previousstudies.
data available for E. hamata. It can be assumed  Oocyte growth is most intensive between the fifth
that paired blood sinuses provide better nutrition  and sixth stages of development, suggesting that
to developing male gametes. vitellogenesis occurs during this period. Indeed,

in oocytes at the sixth stage of development,

FEMALE REPRODUCTIVE SYSTEM. numerous lipid droplets and yolk granules can
The general plan of the female reproductive be seen (Fig. 12D, F). The diameter of eggs in
system in E. hamata is similar to that described E. hamata (50-70 um) is slightly larger than in
for other species of chaetognaths. It is worth  otherchaetognath species suchas Bathyspadella
noting, however, that E. hamata lacks “wings” oxydentata (Muller et al., 2019) and Spadella
in the ovispermaduct, which were described in  cephaloptera (Goto, 1999). This may be due to
other species such as Ferosagitta hispida and  the need for extended nutrient provision for the
Sagittabipuncata (Shinn, 1997; Carr,1991). The  developing embryos retained in the marsupial
“wings” are flat, dorsal and ventral outgrowths cavity until hatching (Kosobokova, Hopcroft,
ofthe outer epitheliumof the ovispermaductthat  2021). Based on our observations, we believe
partially encircle the ovary. that copulation most likely occurs between the
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Fig. 12. Some stages of gamete development in Eukrohnia hamata, transverse sections. A — the testis at 3rd
stage; B — the ovary at 3rd stage; C — the testis at 4th stage; D — the ovary at 4th stage; E — the ovisper-
maduct filled with sperm at 6th stage; F — the oocyte at 5th stage.

Abbreviations: ee — external epithelium of the ovispermaduct; ie — internal epithelium of the ovispermaduct; fr — fol-
licular reticulum; If — lateral fin; nu — nucleus; oog — oogonia; 0s — ovarian space; sm — spermatogenic mass; spc —
spermatocyte; spz — spermatozoa; tc — tail coelom; trc — trunk coelom; yo — yolk granule.

Puc. 12. Hekoropsie craauu pa3sutus ramer Eukrohnia hamata, monepeussie cpesbl. A— ceMEHHHUK Ha 3-i
crajun; B — simunuk Ha 3-i cragun; C — ceMeHHUK Ha 4-if ctaauu; D — simunuk Ha 4-if craguu; E — 3a-
TTOJTHEHHBIH CrIepMOil OBHCIIEpMaIyKT Ha 6-i cTagun; F — oonut Ha 5-i cTagun.

O003HaueHNS: ee — BHEIIHUI JIUTENNH OBUCHEPMANyKTa; i€ — BHYTPEHHUI SIUTENHNI OBHCIepManykTa; fr — doi-
JTHKYISIPHBIA peTHKYIIOM; If — nmaTepanbHblil IIABHUK; NU — SIIPO; 00g — OOTOHHIA; 0S — BHYTPEHHEE MPOCTPAHCTBO
SIMYHHUKA,; S — CHE€pMaTOreHHas Macca; SpC — CHEPMaTOLUT, SPZ — CIIEPMATO30UbL; tc — XBOCTOBOM 1eJIoMm; trc —
TYJOBUIIIHBII LIEJIOM; YO — I'paHyJIa KeJTKa.
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fifth and sixth stages. This is supported by the
factthat the female genital ductsinanimalsat the
fifth stage of development are still empty, and at
the sixth stage they are already filled with sperm.

The peeling of the syncytial epithelium from
the cellular epithelium of ovispermaduct at the
sixth stage, which is described here for the first
time, suggests a loose connection between the
layers during this stage. This observation is
consistent with current knowledge about the
fertilization process in chaetognaths. According
to literature, fertilization takes place at stages 67,
and after that, the oocyte isreleased into the space
between the outer and inner epithelium layers of
the ovispermaduct (Shinn, 1997). It is possible
that degeneration of the junctions between these
two layers begins at the sixth stage. However,
the composition of the heterogeneous content
of the ovispermaduct remains an open question.

This structure has also been described for
other chaetognaths (Adhesisagitta hispida:
Shinn, 1997). However, in E. hamata the peri-
ovarian coelom is filled with a substance that is
similar to the liquid in the lumen of the blood
vessels, particularly the posterior blood sinus, in
terms of its histological characteristics. Single
small cellswith rounded nucleiare also observed
in the lumen of the vessels. Undoubtedly, the
ovarian cavity corresponds to the coelomic cav-
ity and, according to generally accepted ideas
(Ruppert et al., 2008), it should not directly
connectwith the circulatory system (hemocoel).
Unfortunately, the available data from electron
microscopy studies (Muller et al., 2019) have
not yet revealed the nature of the phenomenon
that we have discovered. Nevertheless, the
histological similarities between the fluids in
the ovary and the posterior blood sinus need to
be further explored and interpreted using more
advanced methods.

POSSIBLE ECOLOGICAL SIGNIFI-
CANCE. All said above aligns with current data
onenvironmental adaptations in deep-sea organ-
isms and r/K selection theory. It is a common
knowledge that r-strategy, characterized by high
fecundity, small body size and high mortality
rates at the early stages of development allows
species to adapt to rapidly changing conditions.
K-strategy, on the other hand, is common for
species inhabiting stable and predictable envi-
ronments. K-selected species generally exhibit
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greater body size than r-selected species and
are characterized by low fecundity and greater
offspring survivability.

Deep-sea environment is a rather stable one,
characterized by low temperature fluctuations
throughout the year and almost constant levels
of water salinity and lighting. Thus, deep-sea
species are generally K-selected. K-strategy
has been noted in various invertebrates, includ-
ing copepods (Auel, 2004), several species of
gastropods (Rex, 1979) and bivalves (Gauldron,
2021). We believe that E. hamataisalsoinclined
to K-stategy. This hypothesis is supported by
the traits we have discovered: the presence of
spermatophoresand ciliated funnelswhich serve
to increase the number of male gametes captured
into the female gonoducts and oocytes whichare
greater insize than known for planktonic species.

It is also important to note that currently
chaetognaths are known to reproduce only
sexually. However, all studies on chaetognaths
mating behavior have been conducted either on
benthic (Spadella cephaloptera: Ghirardelli,
1968; Duvert et al., 2000; Goto, Suzuki, 2001);
Paraspadella gotoi: Goto, Yoshida, 1895) or
planktonic species inhabiting upper layers of
the ocean (Ferrosagitta hispida: Reeve, Walter
1972; Aidanosagitta crassa: Murakami, 1959).
Such species have high population density
and high potential to meet a mate. In contrast,
scanty populations of deep-sea species like E.
hamata might take advantage of self-fertilization
(autogamy). The results of our study allow to
speculate that fertilization in E. hamata could
also occur through autogamy. This is supported
by the pronounced protandry in the reproductive
system maturation cycle, as well as the fact that
at sixth stage the ovispermaduct is filled with
sperm while tail coelom and seminal vesicles
are completely empty of male gametes.

Conclusion

The study of reproductive system of E. ha-
mata has revealed adaptations to the deep-sea
environment, including the gathering of sperma-
tozoain spermatophoresand the presence of cili-
ated funnels surrounding the female gonopores.
These features likely increase the efficiency of
sperm capture during copulation, which occurs
between the fifth and sixth stages of maturation
in E. hamata. The anterior lobes of the tail coe-
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lom may also increase its volume to contribute
to the accumulation of a larger quantity of male
gametes. Moreover, the intertwining of the tail
and trunk compartments ensures efficient fluid
exchange and nutrientdelivery to the developing
gametes. In addition, this is facilitated through
paired blood vessels in the tail mesentery.
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