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Abstract—The paper presents descriptions, original drawings and digital photos, and also the key for identi-
fying naupliar stages of recent invader species in the Black Sea Oithona davisae (Copepoda: Cyclopoida).
Nauplii were taken from a laboratory culture originating from the offspring of O. davisae females selected
from living zooplankton sampled in Sevastopol Bay. Copepods were reared under natural illumination, tem-
perature of 21 ± 2°C, and feeding with cryptophyte culture IBSS-CrPr54 (ESD = 10.9 ± 1.4 μm) (mean con-
centration constituted 6 × 103 cells mL–1; 0.7 μg C mL–1). The duration of the development from the first
naupliar stage (N1) to the first copepodite (C1) stage was 5.3 ± 0.7 days (1 day for N1–N3, 1 day for N3–N4,
and 3.3 days for N4–C1).
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INTRODUCTION

Oithona davisae Ferrari and Orsi, 1984 was
recorded for the first time as new species from the Sac-
ramento–San Joaquin Estuary (California) (Ferrari
and Orsi, 1984). This species is a typical representative
of neritic fauna (Uchima, 1988) and occurs, occasion-
ally in large aggregations, in river mouths and coastal
areas (Nishida, 1985; Hirota, 1990). Owing to its
abundance and small size, O. davisae is an essential
part of ecosystem processes and a source of nutrition
for larvae of many fish species.

A number of works (Uye and Sano, 1995; Taka-
hashi and Uchiyama, 2007) mention naupliar stages of
O. davisae with reference to M. Uchima (1979) as the
author of its first record. In 1979, when Uchima pur-
sued the research, O. davisae had not been described.
Uchima identified his object from Tokyo Bay as
Oithona brevicornis f. minor Nishida et al. (1977) (the
small form is specified in the text and abstract of the
article; it is missing from the title).

Multiple novel species of small coastal oithonids
were described in the 1980s, including those with mor-
phological similarity to O. brevicornis Giesbrecht,
1981 s. str., but distinguished from it by a smaller size
and the presence of long distal seta on first inner lobe
of maxillula (Ferrari, 1981; Nishida and Ferrari, 1983;
Ferrari and Orsi, 1984). Analogous seta in O. brevicor-
nis s. str. is much shorter.

The authors of one of the above-mentioned works
(Nishida and Ferrari, 1983) supplemented the
description of O. brevicornis s. str. and re-described the
O. brevicornis aruensis Fruchtl, 1923, raising its taxo-
nomic status to a species. At the end of the article, they
noted that specimens used by Uchima (1979) to obtain
nauplii were reconsidered and proved to be represen-
tative of O. aruensis Früchtl, 1923: “The specimens
described as O. brevicornis f. minor Nishida et al.
(1977) and as O. brevicornis by Uchima (1979) were
reexamined and proved to be O. aruensis.”

O. aruensis is particularly close morphologically
and in size to O. davisae (Temnykh and Nishida,
2012). Accordingly, its nauplii should be expected to
closely resemble nauplii of the latter. The grounds on
which the authors of the articles (Uye and Sano, 1995;
Takahashi and Uchiyama, 2007) assigned the nauplii
described by Uchima (1979) to O. davisae are unclear;
adequate explanations are not included in the text.

At the same time, the following record exists in the
NEMESIS database (National Exotic Marine and
Estuarine Species Information System, Smithsonian
Environmental Research Center) in California Non-
native Estuarine and Marine Organisms (Cal-NEMO)
section on the webpage devoted to O. davisae: “The
copepodite and naupliar stages of this copepod have
not been described. Morphology and development
should be similar to that described for Oithona brevi-
cornis by Uchima (1979)” (Fofonoff et al., 2018).
12



MORPHOLOGY OF THE NAUPLII AND DURATION OF NAUPLIAR DEVELOPMENT 13
Consequently, it can be inferred that naupliar stages of
O. davisae have never been described, though they
should bear resemblance to nauplii of the small form
O. brevicornis (=O. aruensis (Nishida and Ferrari,
1983)) first described by Uchima (1979).

O. davisae was reported as a new species from the
east of the Pacific Ocean off the coast of California.
However, in the opinion of some researchers
(Uchima, 1988; Uye and Sano, 1995), the species
originated from the nearshore waters in the western
part of the Pacific Ocean, including its high abun-
dance off the coast of Japan, and was endemic to near-
shore waters of East Asia. As a result of its further
expansion, apparently after having been transported in
ballast waters, it was discovered in many coastal areas
of the World Oceans: along the western coast of the
United States (Ferrari and Orsi, 1984; Ambler et al.,
1985); along the southern coast of Chile (Hirakawa,
1988); in the Mediterranean Sea (Saiz et al., 2003) and
North Sea (Cornils and Wend-Heckmann, 2015); in
the estuary of Bilbao that empties into the Bay of Biscay
(Uriarte et al., 2016); and in the Black Sea and the Sea
of Azov.

Alien cyclopoid copepod of genus Oithona, mis-
identified as O. brevicornis (Zagorodnyaya, 2002;
Altukhov and Gubanova, 2006;  Gubanova and Altuk-
hov, 2007; Selifonova, 2009, 2011), was first recorded
from Sevastopol Bay (Black Sea) in December 2001
(Zagorodnyaya, 2002). It was identified as O. davisae
later (Temnykh and Nishida, 2012). From 2008
onward, О. davisae numbers periodically reached 99%
of the total population of copepods in Sevastopol Bay
(Altukhov et al., 2014; Svetlichny et al., 2016), as in the
case of О. davisae in Tokyo Bay, where it was similarly
dominant among other copepod species with 99% of
their total population during warm periods of the
1980s (Tsuda and Nemoto, 1988). To date О. davisae
has been reported off the Black Sea coast of Romania
(Timofte and Tabarcea, 2012), Bulgaria (Mihneva and
Stefanova, 2013), and, recently, Turkey (Üstün and
Kurt, 2016; Yildiz et al., 2016), as well as the Sea of
Marmara (Isinibilir et al., 2016).

It appears problematic to assess the contribution of
naupliar stages of the introduced small-sized cyclo-
poid copepod to the total population of copepods not
only in the absence of plankton net equipped with fine
mesh sieve but also in the absence of a current descrip-
tion of the naupliar stages. The recent considerable
increase in fish larvae in the Black Sea ichthyoplank-
ton appears to be due to both an increase in total cope-
pod population and a rising number of small-sized
О. davisae in the plankton (Gubanova et al., 2015;
Khanaychenko et al., 2015), which has occupied the
ecological niche of О. nana (which disappeared in
1989) (Altukhov et al., 2014; Svetlichny et al., 2016).
Owing to their large quantities in zooplankton, the
probability of occurrence of this introduced copepod
and their nauplii, in particular, during the early devel-
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opmental stages in the diet of larvae of summer-
spawning fish species has been very high in recent
years (Vdodovich et al., 2017a). However, the early
growth stages of О. davisae are often difficult to iden-
tify in guts of fish larvae (Vdodovich et al., 2017b).

The goal of the present work was to provide a
detailed description of morphological characteristics
of naupliar stages in the introduced Black Sea species
О. davisae, as well as acquire data on duration of nau-
pliar development of this crustacean in the laboratory
culture environment.

MATERIALS AND METHODS

Nauplii of O. davisae used in the research were
selected from their laboratory culture, originating
from progeny of fertilized overwintering females
sorted from zooplankton samples shortly after they
had been collected using a plankton net with mesh size
of 100 μm from the shore of Sevastopol Bay. Active
females were sorted intact under a binocular in
Bogorov chamber. Fertilized overwintering females
O. davisae can store viable sperm under low tempera-
ture conditions (6–8°C) over a long period of time and
produce viable offspring after the conditions return to
favorable (Svetlichny et al., 2016).

The copepod monoculture was kept at room tem-
perature of 21 ± 2°C, under natural light conditions, and
fed cryptophyte microalgae (at mean concentration of
6 × 103 cells mL–1; 0.7 μg C mL–1) of IBSS-CrPr54
(ESD = 10.9 ± 1.4 μm) strain from culture in the
exponential growth phase. Multiple generations of the
copepods were produced in laboratory culture.

To obtain various successive naupliar stages of
O. davisae, after hatching of the egg ovisacs, nauplii of
the first stage were transferred to 10-mL containers
and maintained under the same temperature and tro-
phic conditions. As the nauplii were going through
ecdysis (molts), preceding the first copepodite stage,
they were recorded daily. Then, a necessary number of
individuals at the corresponding stage were selected
for further examinations.

Individuals at different naupliar stages (as well as
their exuviae) were collected from the culture in Feb-
ruary 2017 and fixed in 4% formaldehyde in seawater
(18‰ salinity). Then we placed them into aqueous
glycerin (1 : 1) on microscope slides using a LOMO
MBR-10 binocular microscope and took measure-
ments under Leica DM LS2 microscope at 400× mag-
nification. All drawings were made with a drawing
tube on a Leica DM LS2 (magnification of 400×) in
ventral and lateral views. A Canon PowerShot A520
camera was used to capture images of the nauplii.

For the specimen length, we used the maximum
distance from the anterior tip to the posterior end of
the body, excluding the lengths of caudal spines and
setae; the maximum distance between lateral margins
l. 10  No. 1  2019



14 DRAPUN, KHANAYCHENKO
of nauplius in ventral or dorsal view was measured for
the width.

Intact individuals and exuviae in different projec-
tions, as well as the limb fragments, were used to draw
limbs. The final limb drawing reflects information
about its structure acquired on the basis of examina-
tion of appendages of several individuals in the corre-
sponding developmental stage.

To compare dimensions of laboratory specimens
with the specimens from the sea, we selected and mea-
sured O. davisae nauplii from a zooplankton sample
collected in Kryglaya Bay (Sevastopol) on September 27,
2015, using a sieve with a mesh size of 64 μm. At the
time of sampling (10 a.m.), the bay water temperature
was at 23°C. The sample was fixed in 4% formalde-
hyde in seawater.

The following symbolic representation is employed
with description of nauplii in the paper: (N1–N6) first
to sixth naupliar stages; (C1) first copepodite stage;
(Lb) labrum; (An1) first antenna (antennule); (An2)
second antenna (antenna); (Md) mandible; (Mx1)
first maxilla (maxillula); (Mx2) second maxilla (max-
illa); (Mxp) maxilliped; (Р1 and Р2) first and second
thoracic limbs; (Cxp) coxopodite; (Bsp) basipodite;
(Enp) endopodite ((Enp1,2) endopodite segments);
(Exp) exopodite ((Exp1–5) exopodite segments);
(L and Lav) length and average body length; (Wav)
average body width; and (n) number of examined indi-
viduals.

RESULTS AND DISCUSSION
Description of Naupliar Stages of Oithona davisae
General characterization of the nauplii. The body is

egg-shaped (first three stages, N1–N3) or teardrop-
shaped (N4–N6). The body is dorsiventrally f lattened
with a wider anterior part (Photo, Fig. 1). Table 1
shows length of individuals in different naupliar stages,
as well as average values of length and its ratio to aver-
age width of the individuals.

The dorsal surface of nauplii is covered with ceph-
alothoracic shield (Sazhina, 1985). The shield covers
the entire surface in the first two stages (orthonauplii),
with its height exceeding the ventral surface length.
The body is more elongated in nauplii of subsequent
stages (metanauplii). In the third stage, the cephalo-
thoracic shield and posterior end of the abdomen are
on approximately the same level. In the fourth, fifth,
and sixth stages, the posterior part of the body elon-
gates, extending beyond the cephalothoracic shield
margin.

The upper lip (Lb) is found in the anterior ventral
part. It is rounded in ventral view; in lateral view, it
strongly projects above the ventral surface, overhang-
ing the mouth opening, and has four groups of thin
short hairs on its inferior border. An X-shaped “nau-
pliar eye” is superior to Lb; the first three pairs of
mouth appendages (An1, An2, and Md) are present on
RUSSIAN JOURNAL O
the labrum bilaterally. Living nauplii have a red-col-
ored eye (Photo a).

The posterior part of the body is equipped with
paired caudal setae and spines. Their quantity, length,
and structural features are among the main character-
istics for distinguishing between different naupliar
stages.

Below is a more detailed description of the out-
growths corresponding to different naupliar stages. We
referred to stiff long or short outgrowths, which are
thicker at the base, as spines and long or short slender
outgrowths as setae (Sazhina, 1985). The word hair
was occasionally used to denote very fine outgrowths.

The First Stage, N1 (Photo a; Figs. 1A and 1B)

Аn1 is uniramous with three segments (Fig. 2 A1).
The first segment is unarmed; the second bears three
setae on the ventral side (Fig. 2 A1–А6 above). One of
the setae, close to a joint between the second and third
segments, is about twice as long as the third segment.
The latter is compressed laterally. In N1, it is provided
with three apical setae, one of which is shorter and
much thinner than the other two. It is inconspicuous
owing to a close proximity to the next seta. Two short
hair-like setae are positioned on the dorsal (Fig. 2 A1–
А6 lower) side of the third segment. Three longest
setae from the second and third segments are plumose.

An2 is biramous (Fig. 2 В1). On Cxp closer to a
point of junction with Вsp, there is a protrusion with
two spine-like setae attached, with one of them being
thinner and bearing long hairs (often perceived as a
group of several thin setae). The spines are directed
toward the mouth opening. Bsp is rather short (its
length only slightly exceeds the width) with three thin
setae. Enp is unsegmented with two long apical
plumose setae and two lateral setae, with one of them
being markedly longer. Exp consists of five segments;
Exp1 is the largest, elongated, with long distal seta.
The next three segments are short; each bears one long
seta. The length of the last segment is subequal to the
width; two long apical setae are present. On Exp, all
long setae are plumose.

Md is biramous (Fig. 2 С1). Сxp has one seta. Bsp
has two spine-like setae, one on each side of the seg-
ment. Enp is two-segmented. Enp1 with two thick
spines, which are armed with rare coarse setae almost
perpendicular to the axis of spines; Enp2 bears two
long plumose apical and two short lateral setae. Exp is
four-segmented; each segment features one long
plumose seta on its distal end; the final segment, bear-
ing an apical seta, is tiny.

Caudal armature: one pair of long setae.
F BIOLOGICAL INVASIONS  Vol. 10  No. 1  2019
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Photo. Naupliar stages of O. davisae in ventral (all stages left) and lateral (right) views: (a) for N1; (b and c) for N2; (d and e) for
N3; (f and g) for N4; (h and i) for N5; and (j and k) for N6. (l) is N6 ventrally; medial part of the body shows primordia of Мх2
and Мхр; (m) is posterior part of N6; segmentation of nauplius body is clearly seen. Scale is common for all images except m.
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The Second Stage, N2 
(Photos b and c; Figs. 1C and 1D)

Аn1 is three-segmented (Fig. 2 A2). Armature of
the first two segments is unchanged; the third segment
RUSSIAN JOURNAL OF BIOLOGICAL INVASIONS  Vo
bears four long apical setae (with one being shorter than
the others, thin, inconspicuous, and non-plumose) and
three relatively short hair-like setae (one on ventral
and two on dorsal sides).
l. 10  No. 1  2019



16 DRAPUN, KHANAYCHENKO

Fig. 1. Naupliar stages of O. davisae in ventral (all stages left) and lateral (right) views: (A and B) for N1; (C and D) for N2; (E
and F) for N3; (G and H) for N4; (I and J) for N5; and (K and L) for N6.
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An2 (Fig. 2 В2): Сxp and Bsp is unchanged. Enp

has three apical and two lateral setae. Exp1 has one

relatively short lateral seta and one long distal seta; the

remaining four segments are unchanged.
RUSSIAN JOURNAL O
Md (Fig. 2 С2): Сxp, Bsp, and Exp are unchanged.

Enp1 is armed with three thick spines covered by rare

coarse setae. Enp2 has three apical and two short lat-

eral setae.
F BIOLOGICAL INVASIONS  Vol. 10  No. 1  2019
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Table 1. Meristic characters of O. davisae naupliar stages: own and literature data

Indicator N1 N2 N3 N4 N5 N6 Source

n, ind. 18 15 11 9 7 7

Laboratory culture; 

present research

L, μm 75–88 83–100 100–118 118–128 138–155 163–178

Lav ± std 81 ± 3 91 ± 6 108 ± 6 124 ± 4 147 ± 6 171 ± 6

Lav/Wav ± std 1.75 ± 0.04 1.78 ± 0.06 1.90 ± 0.05 1.90 ± 0.07 1.90 ± 0.09 1.95 ± 0.04

n, ind. – – 1 7 10 17

Kruglaya BayL, μm – – 105 118–120 133–143 150–165

Lav ± std – – 105 119 ± 1 138 ± 4 158 ± 4

L, μm 70–90 85–105 100–115 115–125 125–135 135–160 (Uchima, 1979)

Lav – 96–99 104–113 107–117 116–132 154–156 (Almeda et al., 2010: 

Lav – 95–101 106–114 112–118 126–132 155–164 Figs. 5a and 5b)
Primordia of Mx1 resemble a pair of small bumps,
each bearing one thin seta; they are positioned between
mandibles and caudal setae (Figs. 1C and 1D).

Caudal armature: one pair of long setae.

The Third Stage, N3 (Photos d and e; Figs. 1E and 1F)

Аn1 (Fig. 2 А3) consists of four segments, but divi-
sion between the second and third segments is not
clearly defined. The first segment is unarmed. The
second has one relatively small seta. The third has one
short and one long distal seta. The fourth bears four
apical setae, with one being thin and inconspicuous,
and five to six short hair-like setae, with one on the
ventral and four to five on dorsal side.

An2 (Fig. 2 В3): Cxp with two spines and one rela-
tively short thin seta located more distally. Bsp and
Enp unchanged. Exp is five-segmented; on Exp1,
there are two lateral setae and one long distal seta; the
final fifth segment bears three apical setae with one of
them less than half the length of the other two; three
intermediate short segments (Exp2–4) have one long
seta each, similar to other naupliar stages.

Md (Fig. 2 С3) is unchanged.

Mx 1 primordia (Figs. 1E and 1F) are represented
by a pair of protrusions, each bearing one or, occa-
sionally, two setae.

Caudal armature consists of two pairs of long and
one pair of short spines equipped with secondary
spinelets and located intermediate to long setae close
to the central axis of the body.

The Fourth Stage, N4 (Photos f and g; Figs. 1G and 1H)

Аn1 (Fig. 2 А4) is four-segmented. The setation of
segments is unchanged.

An2 (Fig. 2 B4) is similar to that of N3, but with
three lateral setae on Exp1.

Md (Fig. 2 C4) is unchanged.
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Mx1 (Fig. 2 D1) is biramous; segmentation is not
clearly defined. Each branch has three terminal setae,
with one being very long (approximately three times
the length of the branch proper). Three lateral setae
are found on the inner lateral surface of the limb.

Caudal armature: the number of caudal outgrowths
is unchanged; however, the spines are noticeably
stronger and longer than those in N3 and extend
slightly beyond middle of the next long setae.

The Fifth Stage, N5 (Photos h and i; Figs. 1I and 1J)

Аn1 (Fig. 2 A5) is four-segmented. Setation of the
first three segments is unchanged. The fourth segment
bears four long apical setae (with one of them being
short and non-plumose) and two ventral and eight
dorsal setae.

An2 (Fig. 2 B5): Сxp, Bsp, and Exp are unchanged.
Enp bears three apical and four lateral setae; one of the
lateral setae is relatively long and covered by setules.

Md (Fig. 2 C5): Enp2 has three setae on lateral sur-
face; other segments are unchanged.

Mx1 (Fig. 2 D2) is biramous; segmentation is unre-
markable. Similar to N4, each branch ends in three
apical setae, one of which is very long (approximately
three times the length of the branch proper), extending
nearly to the tips of caudal setae and spines (Figs. 1I
and 1J). On the inner lateral surface of the limb, there
are five lateral setae with three of them on the limb
basis. In addition to three apical, Exp has one lateral
subterminal seta on the outer side of the branch.

Primordia of Мх2 and Мхp are noticeable. Mx2
rudiments place inferior to maxillulae, Mxp rudi-
ments are intermediate to them (Fig. 1I).

Caudal armature consists of two pairs of long setae;
one pair of long thick spines, extending to the tips of the
long setae; and one pair of very short lateral setae. Addi-
tionally, another pair of very short thin setae can be seen
between two long spines in many specimens of N5.
l. 10  No. 1  2019
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Fig. 2. Detailed structure and armature of appendages in naupliar stages of O. davisae: (A1–A6) antennulae of nauplii in the first to
sixth stages (N1–N6); (В1–В6) antennae in N1–N6; (С1–С6) mandibles in N1–N6; and (D1–D3) right maxillulae in N4–N6.
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The Sixth Stage, N6 (Photo j–m; Figs. 1K and 1L)

Аn1 consists of four segments (Fig. 2 A6); the final
segment is partially segmented. Armature of the first
three segments is unchanged; the fourth carries four
apical, five ventral, and eight dorsal setae.
RUSSIAN JOURNAL O
An2 (Fig. 2 B6) and Md (Fig. 2 C6) are unchanged.

Мx1 (Fig. 2 D3): segmentation is not well defined;
setae are as many as in N5; Enp is somewhat longer
and appears two-segmented (second segment is very
short).
F BIOLOGICAL INVASIONS  Vol. 10  No. 1  2019
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In addition to Mx2 and Mxp, primordia of thoracic

limbs P1 and P2 are present.

Caudal armature: two thin crossed central setae

extend approximately to the middle of the spines; the

remaining setae and spines are unchanged.

Below is a key compiled on the basis of features suffi-
cient to identify nauplii of the Black Sea O. davisae to one
of the stages. Note that the more mature the naupliar
stage, the more problematic it is to rely on its size for iden-
tification, inasmuch as it largely depends on the tempera-
ture and feeding conditions during naupliar development.

Key for identification of naupliar stages of O. davisae
1. L standard <100 μm. Cephalodorsal shield extends beyond the length of ventral surface. An2 Eхp5 with

two apical setae. Caudal armature: one pair of long setae………………………………………………………...........2

—L standard >100 μm. Cephalodorsal shield is shorter or subequal to the length of ventral surface. An2 Eхp5
with three apical setae; one of them extends to less than the middle of the others. Caudal armature: three
or more pairs of setae and spines.………………………………………………………………………………………….......3

2. Md Enp1 with two thick spines covered by coarse setae positioned almost perpendicular to the axis of
spines. An1 with three apical setae, one being shorter and thinner, positioned close to the next seta, and
inconspicuous. An2 Enp and Md Enp2 with two apical setae. Mx1 is missing.…………………………….….N1

—Md Enp1 with three thick spines. An1 with four apical setae, one being shorter, thinner, and inconspicu-
ous. An2 Enp and Md Enp2 bear three apical setae. Mx1 is in the form of tubercle with one thin
seta…………………………………………………………………………………………………………………………………..N2

3. Cephalodorsal shield is subequal to the length of ventral surface. Mx1 is in the form of tubercle with one to
two thin setae. Caudal armature: two pairs of long setae + one pair of short spines ……………………………N3

—Cephalodorsal shield is shorter than the length of ventral surface. Mx1 is biramous; one of three apical setae
on each branch is very long (more than three times the length of the branch proper)………………….…………4

4. Body with four pairs of limbs. Inner lateral surface of Mx1 with three lateral setae. Caudal armature: two pairs
of long setae + one pair of mid-length spines (approximately half the length of the long setae)………………N4

—Body with primordia of the fifth to eightn pairs of limbs. Inner lateral surface of Mx1 bears five lateral setae.
Caudal armature: five pairs of setae and spines…………………………………………………………………………….5

5. Body with primordia of Mx2 and Mxp. Caudal armature: two pairs of long setae + one pair of thick long
spines (extending nearly to the tips of the long setae) + one pair of short lateral setae + one pair of very short
thin central setae…………………………………………………………………………………………………………………..N5

—Body with primordia of P1 and P2. Caudal armature: thin crossed central setae approximately half the
length of spines …………………………………………………………………………………………………………………..N6

Nauplii of the Black Sea O. davisae are very similar
to specimens previously described (Uchima, 1979) as
nauplii of small form O. brevicornis (=O. aruensis
(Nishida and Ferrari, 1983)). However, some distinc-
tions exist, specifically, four-segmented (rather than
three-segmented) An1 in nauplii of the fourth to sixth
stages; presence of primordia of Mx2 (no mention of
them is made at all in the Uchima (1979) description),
Mxp, and thin central setae in posterior end of the
body in N5; and some discrepancies in the quantity of
fine lateral setae. These distinctions may entirely be
attributed to the difficulties in working with nauplii
associated with their small sizes.

No descriptions of naupliar stages for other species
having morphological similarities to O. davisae
(females less than 1 mm in size with pointed rostrum
that curves ventrally) exist, except for a not particu-
larly detailed description of nauplii of O. brevicornis
(Goswami, 1975). However, when comparing his own
data with those of Goswami and analyzing his descrip-
tions of copepodite stages of the studied species,
Uchima (1979) inferred that specimens described by

Goswami appeared to belong to a species other than
O. brevicornis.

Duration of Naupliar Development of O. davisae
in Laboratory Culture

Previous research of feeding selectivity of
O. davisae (Khanaychenko et al., 2018) demonstrated
that these copepods prefer cryptophytes to other
microalgae and can reproduce in culture through mul-
tiple generations feeding exclusively on cryptophytes
strain IBSS-CrPr54 (ESD = 10.9 ± 1.4 μm) at concen-

trations about 6 × 103 cells mL–1; 0.7 μg C mL–1.
Therefore, in this paper, only laboratory specimens
that were fed exclusively cryptophytes IBSS-CrPr54
were examined for their morphology and duration of
development of the naupliar stages.

Development of O. davisae from N1 to C1 lasted
for 5.3 ± 0.7 days (1 day for N1–N3, 1 day for N3–N4,
and 3.3 days for N4–C1). This data supports some-
what more rapid development of naupliar stages in the
RUSSIAN JOURNAL OF BIOLOGICAL INVASIONS  Vol. 10  No. 1  2019
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conditions of our laboratory culture compared to lab-
oratory culture of other researchers wherein nauplii
were reared under similar temperature conditions but
fed on different food, i.e., heterotrophic dinoflagellates
Oxyrrhis marina, 6.3–7.03 days (Almeda et al., 2010), or
Dunaliella tertiolecta and Platymonas sp., 7–9 days
(Uchima, 1979). In addition, in the final two naupliar
stages (N5 and N6), the nauplii from our culture were
larger in comparison with those fed Oxyrrhis (Almeda
et al., 2010) (Table 1).

The sizes of different naupliar stages of O. davisae
vary considerably depending on the combination of
temperature and trophic conditions (Almeda et al.,
2010: Figs. 5a and 5b). The small sizes of nauplii col-
lected in the Kruglaya Bay (Table 1) during a time
when the water temperature was close to the experi-
mental one could be a result of a diet inadequate for
their development.

According to unpublished material of Vdodovich
et al. (Vdodovich, personal communication), nauplii of
O. davisae significantly contribute to the diet of the earli-
est larvae of Mullus barbatus and Trachurus trachurus.
Their abundance in plankton apparently ensure high
survival rates of the larvae of summer-spawning fish.
Further research into the biology and cultivation of
O. davisae may support the development of methods
for their large-scale cultivation with a view to increase
survival rates of larvae in commercially important
marine fish species in an aquaculture environment.

CONCLUSIONS

This work is of importance for further both funda-
mental and applied research.

The detailed descriptions, original digital photos and
drawings of nauplii of the Black Sea invader O. davisae
made it possible to define major features to distinguish
between each of its six naupliar stages. These findings
may facilitate their identification in zooplankton sam-
ples, hat is important for study of contribution of this spe-
cies to the changes in structure of the planktonic com-
munity and productivity of the Black Sea region, as well
as other water bodies, where this invasive species contrib-
utes significantly to the copepod yield crop. In addition,
specifying the morphological features of different nau-
pliar stages will facilitate their identification among the
remnants found in fish larvae guts and assessment of
selectivity by fish larvae of different age.

These preliminary findings on duration of naupliar
development, and the knowledge of importance of
small-sized O. davisae nauplii for feeding of the small-
est larvae of the Black Sea fish essential for their sur-
vival make it possible to consider this copepod species
as a potential live food object of marine larviculture,
for the development of methods for its large-scale cul-
tivation and use in the diet of commercially important
marine fish larvae to increase their survival in aqua-
culture environment.
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