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A possible response to light of larvae of Black Sea ctenophore Mnemiopsis leidyi of two age groups (first
to fourth day and one-two weeks after hatching) was experimentally studied. The larvae were placed
in a Petri dish with seawater, in which two areas (light and dark) were created using a light source
and a black opaque background. The number of larvae in each area was recorded for an hour after the start
of the experiment. It was found that on average 77 % of the early stage larvae (first to fourth day) migrated
to the dark area after an hour. We hypothesized that Mnemiopsis leidyi early stage larvae have negative
phototaxis. Similar response of the older larvae (one-two weeks) was not recorded.
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Ctenophores are planktonic predatory gelatinous marine animals. The species Mnemiopsis leidyi belongs
to the order Lobata. The animals of this order move using ctenes of cilia, which create water current. Syn-
chronous movement of the cilia is coordinated by the nervous system [6]. The complex of the aboral organ
is the main sensory structure of the animal; it controls movement and, possibly, is a light sensor.

The development of Mnemiopsis leidyi is direct.
However, after hatching, the larva passes the cydippid
planktonic stage (body length 0.3 cm (when hatching)
to 3 cm); the larva has a pair of long branching tenta-
cles and actively moves in a water column (Fig. 1). Dur-
ing development of Mnemiopsis larva, its body structure
becomes similar to an adult sexually mature individual
(3 to 15 cm): tentacles are reduced, and typical long
lobes appear [4].

Modern taxonomists consider that Ctenophora
are a “sister taxon” in relation to all other Metazoa;
the development of their nervous and muscular systems
is unique [3]. Identification of the presence of behav-
ioral reactions to light intensity changes of ctenophore
larvae is important for understanding the operation
of these systems.
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Fig. 1. Mnemiopsis leidyi larvae on the first day
after hatching
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Previously, Schnitzler et al. [5] performed a comprehensive analysis of the genes involved in the pro-
duction and absorption of light in Mnemiopsis leidyi larvae; it was shown that the expression of opsin
genes, which are involved in light perception, occurs in the apical sensory organ, namely, in nerve cil-
iary cells. A joint localization of the expression of photoprotein genes and two opsin genes in devel-
oping Mnemiopsis leidyi photocytes was also revealed. The authors suggested that there is a connec-
tion between bioluminescence and phototaxis in ctenophores, and photocytes probably not only emit,
but also perceive light [5].

According to the results of the study [1], it was suggested that one of the factors stimulating Mne-
miopsis leidyi to perform vertical migrations is the avoidance of bright light (over 10 pE-m™2sec™). It was
found that only small animals (up to 22 mm) perform migrations. The authors consider the animals
swim to the upper layers following food objects only in the night, while in the daytime they swim down
avoiding sunlight.

Information on laboratory experiments aimed at studying the response of ctenophores to the light
has not been found in the literature.

The aim of this work is to study the effect of light intensity changes on the behavior of ctenophore
larvae.

MATERIAL AND METHODS

Adult Mnemiopsis leidyi individuals were collected from the sea from IBSS mooring (Karantinnaya
Bay, Sevastopol) in September 2019. The animals were brought to the laboratory, placed in 5-L containers
with seawater (5—7 animals per container) and left overnight in a darkened room. In the morning, the ap-
pearance of eggs and larvae was observed. On the first day after hatching, the larvae were moved with
a pipette into separate 0.5-L glass beakers. The experiments were carried out on larvae in the early stages
of development (first to fourth day). They were kept in room temperature seawater (+22 °C); food ob-
jects were not introduced. For each subsequent experiment, we selected larvae, which were not involved
in previous ones.

A small Petri dish (10 cm in diameter, 1 cm high) filled with filtered seawater was placed on the frosted
glass above a light source — a LED element installed at a distance, at which the water in the dish
did not heat up. A black opaque background was placed under the dish, so that one its half was dark-
ened, and the other one remained completely illuminated (Fig. 2). An impenetrable plastic partition was
installed at the light — dark border. Totally, 20 Mnemiopsis larvae were placed on the side of the illuminated
area, and then the partition was removed. We observed larvae behavior for an hour after the start of the ex-
periment and counted larvae number in dark and illuminated dish areas. The experiments were carried out
within four days after larvae hatching, 5 replicates per day; in total, 20 experiments.

During the 110™ cruise of RV “Professor Vodyanitsky” (4—20 October, 2019), in the Sea of Azov 1-cm
to 2-cm larvae were sampled (the estimated larvae age is one to two weeks). The reactions to light were
studied under the same experimental conditions in the laboratory of biodiversity and functional genomics
of the World Ocean (hereinafter BIFGWO) onboard the vessel. Totally, 10 experiments were conducted.

RESULTS AND DISCUSSION

Observations of the behavior of early stage larvae within an hour after the start of the experiment showed
that within the first 30 minutes, the larvae migrate throughout the entire dish volume, and after 1 hour about
77 % move into the dark area, avoiding bright light (Table 1).
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Fig. 2. Scheme of the exper-
iment.
Partition 1 — start of the experiment:
Larvae of Mnemiopsis the Petri dish with seawater
is placed above the light
source, a black opaque back-
ground is placed under one
half of the dish, a partition
is installed at the light — dark
border, Mnemiopsis larvae
are placed in the light area.
2 — exposure of larvae
in a dish without partition
for one hour after the start
of the experiment

Petri dish
with sea water

Dark background Light area Dark background Light area

Table 1. Percentage of larvae in the dark area of the Petri dish within one hour after the start
of the experiments

Age of larvae, Percentage of larvae
days " in the dark area, %
1 5 85
2 5 64
3 5 76
4 5 83
For all the time 20 77

The response of early stage larvae to light intensity change does not manifest itself immediately, but over
time. A rapid light intensity change triggers a cascade of internal processes of the animal, which takes
a certain time. It is known that phototaxis mechanism of all eukaryotes includes three main stages [2]:

1) light absorption and primary reactions in photoreceptors;

2) transformation of stimuli and transmission of signals to the motor apparatus;

3) change in movement.

Thus, it can be assumed that Mnremiopsis leidyi larvae in the early stages of development have negative
phototaxis.

For older larvae, it was not possible to reliably establish the presence of a response to light. In some
experiments, almost all the larvae migrated to the dark area of the dish within an hour; in others, they
occupied the entire dish volume and did not move even two hours after the start of the experiment.

Due to the fact that Mnemiopsis leidyi larvae perform vertical migrations in water column, the larger
larvae may not have enough water in the Petri dish to move freely. To identify their possible response to light
intensity changes, other experimental conditions are necessary.

This work was carried out within the framework of government research assignment of IBSS “Structural and func-
tional organization, productivity, and sustainability of marine pelagic ecosystems” (No. AAAA-A18-118020790229-

7) and “Patterns of formation and anthropogenic transformation of biodiversity and biological resources of the Sea
of Azov — the Black Sea basin and other parts of the World Ocean” (No. AAAA-A18-118020890074-2).
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PEAKIIUA JIMYNHOK MNEMIOPSIS LEIDYI HA U3BMEHEHUE OCBEIIEHHOCTH

I0O. C. basshanna

denepanbHbIN UCCIEAOBATENBCKII IEHTp «HCTUTYT OGrostornm 10xkHbIX Mopei uMenu A. O. KoBanesckoro PAH»,

Cesacronosb, Poccuiickas ®enepanus

E-mail: sepulturka@mail.ru

9KCHepI/IMeHTa]IbHO N3Yy4Y€Hbl BO3MOJKHBIE PEAKIIMM Ha CBET JIMYMHOK YEPHOMOPCKOIO T pe6HeBI/IKa
Mnemiopsis leidyi nByx BO3pacTHBIX T'pyIHII (TIEpBbIe-4ETBEPTHIE CYTKH U OfIHA-JBE HE/IENM T10CJIE BBUTYII-
nenus1). JIMUMHOK momerany B éMKOCTh C MOPCKOW BOJOHM, B KOTOPOW C TMOMOIIBI0 UCTOYHMKA CBETa
1 HeIlpo3pavyHoro (hoHa CO3/1aBajd JBE CBETOBBIE 30HBI (CBET U TEHb); KOJINYECTBO JIMIMHOK PETHCTPHU-
POBaJIM B KQXAOW 30HE B TEUEHHE Yaca Iociie Havasia sKcriepuMenTa. [lokaszaHo, 4yro B cpeaHeM 77 %
JIMYMHOK, HAXOJSIIMXCS HA PAaHHUX CTaAUsX Pa3BUTHUsA (TIEpBble-UeTBEPTHIE CYTKH), Yepe3 yac MUTPH-
PYIOT B TEMHYIO 00J1acTh. BpICKa3aHO IpernoiokeHre 0 HAIMYMK OTPULIATeIbHOro (POTOTaKCHCa Y paH-
HUX JIMIUHOK Mnemiopsis leidyi. TlomoOHble peakiu y 6oJiee B3pOCIbIX JUUMHOK (OJIHA-J[BE HEJIENIN)

He 0OHApYKEHBI.

KuaroueBblie cioBa: Mnemiopsis leidyi, TpeOHEBHK, JTUIUHKH, (POTOTAKCUC, MUTPAITIN
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