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Abstract—The paper presents characteristics of the species composition, spatial distribution, and trophic
interactions of ichthyoplankton and zooplankton in the spring–summer period 2017 dependent on intensity
of the warming-up of the upper sea layer against the background of transition in a system of the surface cur-
rents from the winter-to summer-type of the circulation. In April–May, successful spawning of temperate-
water fish species was prolonged due to low values of the sea surface temperature (8–9°С) on the shelf of
Crimean Peninsula between Kerch Strait and the cape Sarych. The maximum abundance of Sprattus sprattus
eggs was 162.8 egg/m2 and larvae –116 ind/m2. Warm-water species occurred only in the western sector from
Herakleian Peninsula to the Cape Tarkhankut, where the water temperature was at its maximum and peaked
at 14–15°С. In June–July the delayed summer hydrological season hampered the warming-up of the upper
quasi-homogenous layer, which thickness varied from 1–5 to 10–15 m. Notwithstanding the large number of
species in the ichthyoplankton, maximum abundance did not exceed 50 egg/m2 and 14 ind/m2 for larvae. The
proportion of larvae of temperate-water fish species averaged 32% and reached 40% in deep water areas. Juve-
nile stages of copepods of the cold-water complex were dominant in the larval fish diet both in the spring and
summer seasons.

Keywords: ichthyoplankton, fodder zooplankton, larval fish diet, hydrological season, water circulation, the
Black Sea
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Two groups of the marine (saltwater) fish have been
established in the Black Sea that authentically repro-
duce in seas of the temperate zone with well-defined
seasonality; that is, the temperate-water Atlantic–
boreal relics and warm-water south-boreal subtropical
and tropical species (Rass, 1965). Thermohaline
structure and the water dynamics significantly deter-
mine species composition and abundance of ichthyo-
plankton in different areas of the sea (Klimova et al.,
2019). In the Black Sea, spawning of the warm-water
fish species is observed from April to October at the
sea surface temperature of 14–27°С and is confined to
the upper quasi-homogenous sea layer. For temper-
ate-water species, mass spawning is commonly associ-
ated with winter hydrological season and is limited to
December–February. Existence of the cold interme-
diate layer during the summer hydrological season in
the Black Sea allows for the presence in ichthyoplank-
ton of eggs and larvae of a number of fish species char-
acterized by multiple spawning, such as sprat Sprattus
sprattus, Merlangius merlangus, and Trisopterus luscus,
all year round (Aleev, 1958; Rass, 1965; Alonso-

Fernández, 2011; Klimova and Podrezova, 2018). The
global warming is particularly apparent in marine eco-
systems of the temperate zone, featuring sharp sea-
sonal differences, which further determine specific
characteristics of phenology of hydrobionts (Visser
and Both, 2005; Edwards and Richardson, 2004).
Changes in phenology of spawning in both the ther-
mophilic (warm-water) and cryophilic (cold-water)
fish have been shown to lead to simultaneous occur-
rence of larvae of the warm-water and temperate-
water complexes in ichthyoplankton (Visser and Both,
2005; Edwards and Richardson, 2004; Auth et al.,
2017). Currently, mass spawning of sprat in the Black
Sea is observed in November (Klimova and
Podrezova, 2018). The spawning season of thermo-
philic fish species has extended. While the successful
spawning of the abundant warm-water European
anchovy Engraulis encrasicolus was previously con-
fined to June–September, currently the anchovy lar-
vae occur in the plankton from May to October
(Dekhnik, 1970; Klimova et al., 2019).
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The goal of the present work is to study peculiari-
ties of the species diversity, spatial distribution of ich-
thyoplankton, and trophic relationship of fish larvae
in planktonic community of the Black Sea off the
Crimean Peninsula during the spring and early sum-
mer hydrological seasons of 2017 depending on the
hydrological regime and state of the fish forage base.

MATERIALS AND METHODS
The material was collected on April 22–May 6 and

June 14–July 6, 2017 in the shelf and deep water areas
of the Black Sea off the coast of Crimean peninsula
during cruises 94 and 95 of R/V Professor Vodyanitskii.
Ichthyoplankton was collected with a Bogorov–Rass
reverse cone-shaped net (BR 80/113, the mouth open-
ing 0.5 m2, mesh 400 μm). Zooplankton was sampled
using the Judey net (diameter 38 cm, mesh 140 μm)
concurrently with the ichthyoplankton catches. Ich-
thyoplankton and zooplankton were collected in the
total vertical haul regime. The sampling was done in
the layer from the surface to the sea f loor at shallow-
water stations and down to a boundary of the hydrogen
sulfide zone determined based on isopycnal δt = 16.2
relative units in the deep water areas based on Sea-Bird
STDplus data. Samples were preserved in 4% formal-
dehyde solution for further laboratory processing. The
total of 159 ichthyoplankton samples (59 in cruise 94
and 100 in cruise 95) and 40 zooplankton samples
were collected during two cruises.

Ichthyoplankton was identified using the methods
described earlier (Dekhnik, 1973; Russell, 1976). Spe-
cies names of hydrobionts are given according to a
World Register of Marine Species (WoRMS, 2019).
Diversity indices were calculated (Simpson, 1949;
Pielou, 1966; Odum, 1983; Shannon and Weaver,
1949). Abundance is presented below 1 m2 of the sea
surface for ichthyoplankton and in 1 m3 for zooplank-
ton. Nutrition of fish larvae was analyzed using the
Duka and Sinyukova method (1976). Size–weight
relationships known for the Black Sea species were
used to change over from the size characteristics of
zooplankton to the biomass units (Petipa, 1957; Chis-
lenko, 1968). The analysis of hydrological regime and
surface circulation employed the cruises’ materials
(Artamonov et al., 2019), satellite infrared (IR) images
of the sea surface, and altimetry data for the period
from mid-April to mid-July 2017 (Morskoi portal,
2019), as well as the monitoring data of monthly tem-
perature and salinity in Sevastopol coastal waters
(Troshchenko et al., 2019).

RESULTS
Characteristics of Hydrological Regime

In 2016–2017 the winter hydrological season com-
menced in December 2016 and continued to mid-
April of 2017 as shown by the analysis of accessible
JO
information in regard to thermal regime of surface
water in the Black Sea water area adjoining the
Crimean Peninsula over the period, preceding the
present survey. Slow rise in sea surface temperature
(SST) with gradients >0.1°С/day (3–3.5°С/mo.),
corresponding to the spring hydrological seasons, was
observed between mid-April and end of May. Intense
warming-up of the water upper layer, which caused
SST to increase sharply with gradients ~0.2°С/day
and characterized the onset of the summer hydrologi-
cal season, began as late as in the beginning June.

The spring hydrological season is characterized by
transition of surface current systems from the winter-
to spring-type circulation. According to geostrophic
calculations and instrumental data (Artamonov et al.,
2019), in April–May, main elements of surface water
circulation were the northern periphery of the Black
Sea Rim Current (BRC) and two quasi-permanent
anticyclonic eddy swirls (ACE) characteristic of this
time of the year; specifically, the Sevastopol (SevACE)
above the Large Topographic Trough (LTT) west of
the Crimean Peninsula and Crimean (CrACE) south
of Cape Meganom (Ivanov and Belokopytov, 2011;
Oguz et al., 1993; Korotaev et al., 2003; Klimova et al.,
2019).

With the measured SST values, ranging from 8–8.5
to 14.5–15.5°С, the BRC waters proved to be the most
warmed-up in the western sector (Cape Tarkhankut–
Herakleian Peninsula) and SevACE, whereas the least
warmed-up waters were those of the coastal shelf zone
between Kerch Strait and cape Sarych (Artamonov
et al., 2019) (Fig. 1a). Surface waters of the northern
periphery of BRC in the central (cape Sarych –
Alushta) and eastern (Alushta–Kerch Strait) sectors
were warmed up to as low as 11.0–11.5°С. Thermal
structure of the water column was characterized by
quasi-homogenous vertical distribution of the winter
type at the early stage of the spring warming-up.

In zones influenced by BRC stream waters, the
upper sea layer of up to 5–10 m was occupied by inter-
layer of relatively warm waters (>10°С) with the max-
imum vertical gradients of temperature. Cold interme-
diate layer (CIL) in its classical type (Ivanov and
Belokopytov, 2011) was observed across the larger por-
tion of the examined water area in the form of local
pools of increased and decreased temperature values
in its core. In this setting, regions with the minimum
temperature values (7–7.3°С) corresponded to the
maximum penetration of the CIL core (down to 60–
80 m) and were associated with zones of possible con-
vergence along outer margin of the BRC stream above
continental slope and northern periphery of SevACE.

Salinity of the surface waters varied between 18.2
and 18.7‰. The larger portion of the water area had
salinity at 18.2–18.4‰, while maximum values (up to
18.5–18.7‰) were recorded in nearshore zone south-
westerly of Feodosiya Gulf and in southwestern part of
URNAL OF ICHTHYOLOGY  Vol. 61  No. 2  2021
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Fig. 1. Distribution of (a), (b) temperature and (c), (d) salinity across the Black Sea water surface layer off the Crimean peninsula
based on the 2017 survey data: (a), (b) April; (c), (d) June (after Artamonov et al., 2019 modified); (d) stations.
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the polygon in the northern periphery of the western
core of the main cyclonic gyre (MCG) (Fig. 1b).

Period of conducting the summer survey (June 14–
July 6, 2017) coincided with an initial phase of the
summer hydrological season. Seasonal weakening of
BRC and its active meandering along the continental
slope, as well as intense warming-up of the sea surface
layer led to a substantial transformation in circulation
and thermohaline structure of waters. While the most
significant dynamic formations recorded during the
spring survey sustained, activation of cyclonic mean-
der of BRC in the northwestern part of the sea along
the western slope of LTT led to the SevACE strength-
ening and its displacement to the trough’s east. Simul-
taneous northerly displacement of the western MCG
core was noted. In the eastern sector, the CrACE dis-
placed southwesterly along the shelf boundaries
toward the Alushta area.

The most warmed-up (to 25–26°С) waters occu-
pied southeastern part of the studied water area. The
waters less warmed-up (to 23–24°С) corresponded to
confinement zone of SevACE. Nearshore zone,
stretching along the entire Crimean Peninsula from
Kerch Strait to Tarkhankut Peninsula was character-
ized by a drop in SST (down to 16–18°С) values. Min-
imum SST values (11–12°С) were observed off cape
JOURNAL OF ICHTHYOLOGY  Vol. 61  No. 2  2021
Sarych (Artamonov et al., 2019) against this back-
ground (Fig. 1c). The SST distribution similar to this
is indicative of quasi-permanent coastal upwelling
(CU). The analysis of IR images allowed us to reveal
an important element of the CU retention that is,
active mushroom-shaped structure termed vortex
dipole (VD). The VD originated from the northeast-
ern part of the sea to the south of Taman Peninsula on
June 5–6 as a result of sharp increase of northeastern
wind of the bora-type. The VD performed transitional
move from the nearshore zone toward the open sea
along the continental slope and could be observed on
satellite IR images until its entire transformation on
the beam of the Yalta Bay on June 25–26. The VD
development and transformation process followed the
classical pattern in line with the records of analogical
phenomena (Ginzburg and Fedorov, 1984; Grishin
and Subbotin, 1992). At its rear end, VD provided for
compensation rise of subsurface waters in the near-
shore zone between Anapa and Kerch Strait and
strengthened the CU along the Crimean southeast
shoreline. In this setting, SST in VD jet differed from
the surrounding waters by 3–4°С.

Delayed start of the summer hydrological season
resulted in the thickness of the upper quasi-homoge-
nous layer (UQL) not exceeding 10–15 m during the
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Fig. 2. Distribution of ichthyoplankton off the Crimean peninsula in (a) April–May and (b) June–July 2017: (j) empty samples,
(s) eggs, egg/m2; (d) larvae, ind/m2. 
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survey. In this setting, values were observed to be the
maximum in the zones of SevACE and CrACE, while
the minimum (1–5 m) corresponded to the zones of
the water rise in CU across the larger portion of the
Crimean nearshore. Parameters of the CIL, such as
thickness, depth of core penetration, and minimum
temperature values likewise corresponded to positions
of the main dynamic formations; specifically, the
highest temperatures (7.8−8°С) and minimum
parameters of thickness and depth of the core occur-
rence (40–45 m) were associated with zones of the
water rise in the eastern and western cyclonic gyres;
while minimum temperatures (7–7.3°С) and maxi-
mum depths of the core occurrence (85–90 m) were
recorded in the form of local spots along the conver-
gence zone at the outer BRC margin and in the
SevACE and CrACE regions.

No significant changes occurred in the field of dis-
tribution of surface salinity compared with the spring
survey. Major portion of the examined water area was
occupied by the waters of the Black Sea upper water
masses with a salinity level of 18–18.7‰ (Ivanov and
Belokopytov, 2011). The lowest salinity (17.8–17.9‰)
was observed in the northwestern part of the polygon
southwest of Cape Tarkhankut and in the eastern part
of the polygon in the form of a chain of plumes of
freshened surface water along axis of the VD transition
(Fig. 1d).

Species Composition and Distribution
of Ichthyoplankton

Six species of eggs and fish larvae represented ich-
thyoplankton during the spring survey (April 22–May 6,

2017). The mean numbers were 13.7 egg/m2 and

14.4 ind/m2 for larvae. Eggs of the spring-spawning
Scophthalmus maeoticus were encountered occasion-
ally exclusively on the shelf no deeper than 150 m
between the Kara-Dag beam and Cape Tarkhankut
JO
with the eggs reported alive only near Cape Tarkhan-
kut. Larvae of the warm-water Syngnathus schmidti
and Pomatoschistus minutus were reported only in the
western sector on the beam of the Kalamita Bay and
nearshore station at Balaklava. Ichthyoplankton was
missing from one station at Cape Tarkhankut, as well
as deep-water sites of the southwestern and central
sectors of the survey (Fig. 2a).

Spawning of the temperate-water S. sprattus, Mer-
langius merlangus, and T. luscus continued (Klimova
and Podrezova, 2018). The mean numbers constituted

12.2 egg/m2 for S. sprattus and did not exceed

1.1 egg/m2 for M.merlangus (Table 1). Larvae of
S. sprattus and T. luscus of different ages occurred in all
study areas. The sprat was dominant in the ichthyo-
plankton; its eggs and larvae accounted for 89 and
96%, respectively. The maximum numbers of S. sprat-
tus eggs were 162.8 egg/m2 and 116 ind/m2 for larvae at
stations at the southern shore of Crimea (Fig. 2a).

Eggs and larvae of 24 fish species from 18 families
represented ichthyoplankton during the period of the
summer survey (June 14–July 6, 2017). The mean

numbers were 11.9 egg/m2 and 2 ind/m2 for larvae
(Table 1, Fig. 2b). Eggs of 13 species from 13 families
were represented in the ichthyoplankton. The warm-
water E.encrasicolus eggs were dominant; it accounted
for 82.5% of the total number of eggs in all encoun-
tered species; Trachurus mediterraneus accounted for
approximately 9%; and eggs of other fish species
occurred singly. Share of eggs of temperate-water fish
species (S. sprattus and M. merlangus) totaled 3.4%.
Single sprat eggs were reported above depths of 86–
900 m; M. merlangus eggs were singly encountered
down to 100-m isobath.

The larvae were represented by 16 fish species from
10 families (Table 1). Larvae of the warm-water spe-
cies from demersal eggs in total did not exceed 27%.
Larvae of S. schmidti accounted for 20%. Share of lar-
URNAL OF ICHTHYOLOGY  Vol. 61  No. 2  2021
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Table 1. Species composition of ichthyoplankton and mean numbers of fish eggs and larvae off the Crimean Peninsula
(April 22–May 6 and June 14–July 6, 2017), % of the total number

Species composition and other parameters
April–May June–July

eggs larvae eggs larvae

Engraulis encrasicolus (Linnaeus, 1758) 82.49 13.00

Sprattus sprattus (Linnaeus, 1758) 89.05 95.84 0.34 28.00

Merlangius merlangus (Linnaeus, 1758) 8.03 3.03 2.00

Trisopterus luscus (Linnaeus, 1758) 2.78 2.00

Atherina boyeri Risso, 1810 1.00

Syngnathus schmidti Popov, 1927 0.69 20.00

Scorpaena porcus Linnaeus, 1758 0.34 1.00

Lepadogaster candolii Risso, 1810 2.00

Gobius niger Linnaeus, 1758 14.00

Pomatoschistus minutus (Pallas, 1770) 0.69 5.00

P. pictus (Malm, 1865) 2.00

Aphia minuta (Risso, 1810) 1.00

Ctenolabrus rupestris (Linnaeus, 1758) 1.00

Symphodus rostratus (Bloch, 1791) 1.00

S. ocellatus (Linnaeus, 1758) 1.00

Mugil cephalus (Linnaeus, 1758) 0.17

Trachurus mediterraneus (Steindachner, 1868) 8.75

Mullus barbatus barbatus (Linnaeus, 1758) 1.68

Pomatomus saltatrix (Linnaeus, 1766) 0.50

Sciaena umbra Linnaeus, 1758 0.34

Serranus scriba (Linnaeus, 1758) 1.01

Diplodus annularis (Linnaeus, 1758) 0.67 6.00

Sarda sarda (Bloch, 1793) 0.34

Scophthalmus maeoticus (Pallas,1814) 2.92 0.34

Number of species 3 4 13 16

Mean numbers (abundance), egg/m2/ind/m2 13.70 14.40 11.88 2.00

Standard deviation 29.45 18.85 20.31 3.50
vae from pelagic eggs added up to 21%; E. encrasicolus
(13%) was dominant. Share of larvae of temperate-

water fishes, such as S. sprattus, M. merlangus, and

T. luscus, summed up to 32%. Sprat larvae were dom-

inant (28%); the larvae were recorded above depths of

70–2000 m. M. merlangus occurred exclusively on the

continental slope on the beam of Sevastopol and Yalta;

while T. luscus larvae were found above the depths of

1400–1800 m on the beam of the Kara-Dag and Feo-

dosiya Gulf.

Abundance and species diversity of ichthyoplank-

ton changed as distance between the stations and shore

increased. Ichthyoplankton was represented by 20 fish

species (13 species of eggs and 10 species of larvae) on

the shelf of the Crimean Peninsula (depths ≤200 m).

The mean numbers were 25 egg/m2 and 3.2 ind/m2 for

larvae. Eggs of warm-water fish species were dominant
JOURNAL OF ICHTHYOLOGY  Vol. 61  No. 2  2021
in the samples (94.4%). In this setting, E. encrasicolus
eggs accounted for 77%; T. mediterraneus eggs
accounted for 12%; and eggs of the remaining nine
species were encountered occasionally. Eggs of tem-
perate-water fishes were represented by S. sprattus and
M. merlangus. Larvae of warm-water fish species were
dominant; among them, larvae from the demersal and
pelagic eggs accounted for 46.7 and 36.3%, respec-
tively. Larvae of temperate-water fishes were repre-
sented only by sprat; their proportion in the total num-
ber of larvae on the shelf was sufficiently high (16%).
The mean abundance and number of species in ich-
thyoplankton were comparable with the parameters of
July 1989–1992, when the number of species had
fallen short of 15, while the number of eggs and larvae

had not exceeded 22 egg/m2 and 3 ind/m2, respec-
tively, during the period of mass spawning of warm-
water fish species on the shelf of the Crimean Penin-
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Table 2. Indices of species diversity at the Crimean Penin-
sula in June–July 2017

Index Shelf Deep-water areas

Species diversity 2.06 1.00

Species richness 13.84 10.63

Dominance 0.46 0.72

Evenness 0.47 0.29
sula. The latter period, however, was characterized by
degradation of the planktonic community due to
introduction and large-scale development of the
ctenophore Mnemiopsis leidyi (Klimova, 1998).

In the deep water areas (depths >200 m) ichthyo-
plankton was collected mostly in the last days of June
and early July. There were 12 species of fish eggs and
larvae identified in these areas. The mean numbers

were 7.3 egg/m2 and 1.4 ind/m2 for larvae. Warm-
water species were represented by eggs of E. encrasi-
colus (94%) and T. mediterraneus (4%), while temper-
ate-water species by eggs of S. sprattus and M. merlan-
gus (2%). Larvae of warm-water species were domi-
nant among larvae in samples (60%). Larvae from
demersal eggs accounted for 51%; they all appear to
have been drifted away from the nearshore shelf water
areas. The proportion of larvae of the temperate-water
fish species constituted 40% (S. sprattus accounted for
35% among them).

Diversity indices were calculated to evaluate a state
of ichthyoplankton complexes above various depths
(Simpson, 1949; Odum, 1983; Pielou, 1966; Shannon
and Weaver, 1949). Shelf of the Crimean Peninsula
featured the most favorable conditions for embryonic
and postembryonic fish development (Table 2). In the
deep-water areas, the number of species in ichthyo-
plankton was half of the number on the shelf; species
richness index declined from 13.84 to 10.63. The
intense spawning of the European anchovy was
observed in the area; proportion of its eggs in samples
exceeded 95% (dominance index 0.72), which con-
tributed to a decrease in parameters of the species
diversity and evenness indices.
JO

Table 3. Abundance and biomass of zooplankton in the Blac

Parameter inshore waters 

(<100 m)

Abundance, ind/m3:

—copepods 1545.5

—fodder zooplankton 1658.7

Biomass, mg/m3:

—copepods 79.91

—fodder zooplankton 103.70
Zooplankton and Fish Larvae Diet

The work reports data on zooplankton as forage
base for fish, for which the term fodder zooplankton
was proposed by Kusmorskaya (1950). Herewith, the
use of this term implies all zooplankton species con-
sumed by fish. The fodder zooplankton was repre-
sented in April–May by the common Black Sea spe-
cies. Six copepod species were detected, including
Calanus euxinus, Pseudocalanus elongatus, Acartia
clausi, Paracalanus parvus, Oithona similis, and recent
invader O. davisae; singular occurrence of cladoceran
Pleopis polyphemoides was noted. Larvae of the ben-
thic animals were represented by mollusks (Bivalvia
and Gastropoda), polychaetes (Polychaeta), and cirri-
pedians (Cirripedia). All of them were few in number
in plankton. Meroplankton (bentic larvae), appendic-
ularian Oikopleura (Vexillaria) dioica and chae-
toghaths Parasagitta setosa were consistently present;
whereas rotifers of the genus Synchaeta were also pres-
ent in the samples but extremely rare. Quantitative
characteristics of zooplankton during the spring–
summer period of 2017 is shown in Table 3.

Copepods accounted for 93.2% of the abundance
and 70.3% of biomass of fodder zooplankton in the
inshore waters. Their contributions changed little on
the continental slope in terms of abundance (94.0%),
but dropped to 60.7% in terms of biomass. In the off-
shore waters, proportion of copepods in fodder zoo-
plankton based on abundance remained almost
unchanged (93.5%), but appreciably decreased based
on biomass (34.8%) for the benefit of large-size chae-
toghaths present in samples. Abundance of copepods
declined above the continental slope and remained at
the same level in offshore waters. The biomass of
copepods was minimal on the continental slope and
increased in the inshore and offshore waters. Cold-
water species, such as С. euxinus and P. elongatus, were
dominant among copepods with the first being domi-
nant by biomass and the second by abundance across
the entire examined water area.

Species composition of zooplankton changed little
in offshore in June–July 2017. The warm-water cope-
pod Centropages ponticus had emerged, which was
URNAL OF ICHTHYOLOGY  Vol. 61  No. 2  2021

k Sea at the shores of Crimea in spring and summer 2017

April–May June–July

continental slope

(100–200 m)

offshore waters 

(>200 m)

offshore waters 

(>200 m)

1245.4 1285.5 839.5

1325.2 1375.3 879.2

53.98 68.88 42.60

88.87 197.98 96.90
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Table 4. Length composition of larval sprat Sprattus sprattus and the number of larvae with food in 1986 and 2017

Size groups: (I) full length (TL) ≤ 10 mm, (II) 10.1–16 mm, (III) 16.1–22 mm; *TL ≥ 4.3 mm.

Parameter

March–April 1986 April–May 2017 June–July 2017

Tkach et al., 1991 Own data

I II III I II III I II III

The number of larvae, ind 18 84 258 308 64 13 3 12 4

Proportion of larvae, % 5 23 72 80 16 4 16 63 21

Mean length (TL), mm 4.7 10.8 16.9 5.6 12.7 18.1 5.1 13.4 18.2

Larvae with food in gut:

—the number of individuals, ind 9 6 38 29* 36 6 1* 10 4

—proportion, % of individuals in the group 50 7 15 14 56 46 33 83 100
encountered singly and, similar to cyclopoid O. davi-
sae, accounted for fractions of a percentage of cope-
pod abundance. Similar to spring, a considerable por-
tion of fodder zooplankton included copepods with
95.5% of abundance and 44% of biomass. Cold-water
species, such as С. euxinus and P. elongatus, remained
dominant among copepods with the first species being
dominant based on biomass and the second by abun-
dance as it was in spring. Chaetoghaths (large speci-
mens predominantly) accounted for more than half of
the fodder zooplankton biomass (55.8%). Overall,
abundance and biomass of copepods and all the fodder
zooplankton in the offshore proved to be lower in
summer compared with spring. Low abundance of
small-size fraction of crustacean zooplankton in sum-
mer is noted. Thus, Calanoida nauplii accounted for
30.2% of copepod abundance in spring, whereas their
portion dropped to 19% in spring.

Sprat larvae dominated in ichthyoplankton sam-
ples in April–May 2017. Data that had been published
in regard to size–weight composition and peculiarities
of sprat diet on the shelf and deep-water part of the
Black Sea at Crimean Peninsula dates to March–April
1986 (Tkach et al., 1991). The larvae were allocated by
us to three size groups, analogous to the ones reported
in the aforementioned work to perform the compara-
tive analysis of the size composition and diet of larval
sprat in spring 2017 and 1986 (Table 4). In the size
groups, mean length of larvae proved to be greater in
April–May 2017 compared with spring 1986. Accord-
ing to Dekhnik (1973), sprat commonly finishes
spawning in March–April. In 1986, proportion of the
larvae of younger age group (3.5–10 mm) was only
5%. In April–May 2017, intense spawning of the sprat
continued, which was evidenced by a high proportion
(80%) of larvae with TL ≤ 10 mm in the total number
of the larvae.

In spring 2017, the main prey items of sprat larvae
included juvenile stages of copepods, primarily Cala-
noida, which were observed thoroughly digested in
larval sprat guts. The number of copepods in one gut
varied within a range of 1–21 individuals with their
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size being 0.15–0.35 mm. In addition, eggs of hydro-
bionts were encountered in food bolus in small quan-
tities (1–4 eggs per one gut). In size groups II and III,
proportion of larvae with food items was larger than in
1986 (Table 4). Low proportion of larvae with food
items in size group I in 2017 can be attributed to the
large number in samples of larvae with TL ≤ 4.3 mm,
which mouth opening had not been yet developed
according to data by Dekhnik (1973).

Species composition of diet items of larval sprats
was slightly different in 1986 and 2017. They fed on
copepods mostly, such as Oithona nana, P. elongatus,
Calanus helgolanticus (presently С. euxinus), and
P. parvus, at juvenile and adult stages, with the nauplii
of О. nana accounting for between 14.3 and 75% of the
number of all the consumed items in March–April
1986 (Tkach et al., 1991). Species from the family
Oithonidae were not detected in larval sprat guts in
2017, which is associated with disappearance from
plankton of the abundant year-round species О. nana
(Zagorodnyaya and Skryabin, 1995), while O. davisae
introduced in the 2000s (Zagorodnyaya, 2002)
became abundant during the warm season of the year
(Temnykh et al., 2012). During the spring survey,
O. davisae was detected on a few stations only; its
abundance was extremely low and averaged 0.33 and

1.70 ind/m3 in inshore and offshore waters, respec-
tively.

In June–July 2017 the larval fish diet was examined
in larvae (70 ind) of 12 species. Sprat larvae (19 ind) were
represented by a wide size range (TL 1.7–20 mm); their
mean length was comparable with the one of April–
May 2017, but greater than in spring 1986 (Table 4).
The larval sprat guts were noted to contain copepods
(Calanoida) at juvenile stages from 1 to 7 ind per one
gut. Among 18 larvae of Syngnathus schmidti captured
in the deep-water part of the sea (depth >200 m), two
individuals (TL 8.2 and 20 mm) did not have any food
in the guts; other larvae (TL 14.2–20 mm) had cope-
pods Calanoida 0.15–0.58 mm in size identified in
bolus; 1–10 ind per one gut. Six individuals of cope-
pods (Calanoida) of 0.2–0.4 mm were identified in
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the gut of S. schmidti TL 14.6 mm in size caught at
shallower depths. Diplodus annularis (five ind of TL
3.5–4.4 mm) caught on the shelf (<200 m) were found
to have copepods at juvenile stages 0.12–0.35 mm in
size and occasional eggs of hydrobionts. Along with
copepods (Calanoida), ten larvae of the family Gobii-
dae (TL 3.7–10 mm) were noted to have in the bolus
the cladocera and eggs of hydrobionts; no food items
were detected in six larvae of TL 2.6–5 mm. Larvae of
the remaining fish were represented by single individ-
uals, which qualitative composition of the gut contents
did not essentially differ from larvae of other species
dominant in the samples and was largely represented
by copepods at juvenile stages.

DISCUSSION

The first survey (April 22.04–May 6, 2017) corre-
sponded to the end of spawning of the temperate-
water and onset of the spawning season of warm-water
fish species; period of the active spawning of warm-
water fish species coincided with the second survey
(June 14–July 6, 2017). The analysis of series of
sequential satellite IR images (Morskoi portal, 2019)
revealed the dynamics of the surface water warming-
up at various stages of hydrological seasons and served
to explain the established peculiarities of species com-
position and spatial distribution of ichthyoplankton.

The SST variability ranged 8–12°С at the early
stage of the spring survey: values of SST were observed
to be the minimum (8–9°С) in the nearshore zone of
Crimea from Kerch Strait to Herakleian Peninsula and
maximum (11–12°С) on the water area of Kalamita
Bay. Warming-up of the upper water layers led to spa-
tial restructuring of the SST field by the completion of
the survey. Under the SST range of variability of 9–
15°С, the most warmed-up waters proved to be in
Kalamita Bay and in BCR waters in the western sector
with an abrupt cut-off southwesterly toward the sea
from the Tarkhankut Cape, while coldest waters were
recorded in the eastern sector.

During the spring ichthyoplankton survey, the
warm-water species were detected only in the most
warmed-up waters on the beam of Kalamita Bay. The
shelf and deep-water sea areas of the Crimean Penin-
sula between Herakleian Peninsula and Kerch Strait
displayed the water temperature favorable for spawn-
ing of the temperate-water fish. Eggs and larvae of
sprat were dominant in the samples. The maximum

abundance of sprat was 162.8 egg/m2 and 116 ind/m2

for larvae on the beam of the southern coast of
Crimea. Large proportion of larvae of the young age
group (80%) confirmed the successful mass spawning
of sprat.

State of the forage base in the studied area sup-
ported a survival of larval sprats, which was confirmed
by a small proportion of larvae with empty guts. Cope-
pods were dominant in inshore and offshore waters
JO
(>90% of the fodder zooplankton abundance).
Among them, the dominance belonged to cold-water
species, such as C. euxinus and P. elongatus, which
generally form the basis of the sprat diet. Proportion of
small-size fraction in the fodder zooplankton
exceeded 50%. The larval sprat guts predominantly
contained copepods at juvenile stages, primarily Cala-
noida, which nauplii accounted for 30% of the small-
size fraction of fodder zooplankton. In offshore
waters, a comparatively high biomass of big predatory
chaetoghaths did not have a significant effect on abun-
dance of crustacean zooplankton, inasmuch as chae-
toghaths are actively consumed by adult sprat. Accord-
ing to Chayanova (1958), proportion of chaetoghaths
in sprat guts approached 90%.

Period of the summer survey corresponded to a
transition from the spring to summer hydrological sea-
son and was accompanied by a sharp rise of SST and
formation of the summer-type thermal stratification
(Artamonov et al., 2019). Spatial–temporal changes in
the SST distribution pattern were conditioned by the
regional inertia in water column warming and effects
of the various quasi-permanent (ACE and MCG) and
non-stationary (CU and VD) dynamic structures. In
mid-July, the SST variability ranged 18−22°С with the
values being the maximum on the larger part of the
studied water area, including BRC, SevACE, and
CrACE and minimum in the narrow nearshore zone
of Crimea, stretching from Kerch Strait to Herakleian
Peninsula, as a consequential effect of “latent” CU.
The SST had increased to 19–26°С by early July.
Waters from the BRC system in eastern part of the
polygon proved to be the most warmed-up with the
SST rising to 23–24°С in the nearshore zone of
Crimea. Northern peripheries of the western and east-
ern cores of MCG were characterized by the minimum
SST values (19–20°С). During the survey period,
maximum thickness of CIL did not exceed 10–15 m,
while the minimum thickness was reduced to 1–5 m in
upwelling zones.

Spawning of warm-water fish species and their
early developmental stages are exclusively confined to
UQL, where the water temperature is favorable for
embryonic and postembryonic fish development. In
the ichthyoplankton, 24 fish species were identified in
the shelf and deep-water areas of the Black Sea off the
Crimean Peninsula. The species composition of the
ichthyoplankton corresponded to the onset of the
summer spawning season with the mean number of

eggs (11.9 egg/m2) and larvae (2 ind/m2) being com-
paratively low. Thus, in the second ten-day period of
June 2016 with the same species composition mean
number of eggs was twice and of larvae five times
higher (Ignat’ev et al., 2017). The deep-water areas of
the sea predominantly featured larvae of the temper-
ate-water (40%) and warm-water fish species from
demersal eggs (51%) largely caught in the northeastern
sector. Drift of the warm-water fish species larvae
(dwellers of the Black Sea nearshore water areas)
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toward the deep water study areas appear to have
occurred due to the active mushroom-shaped struc-
ture (VD), which formed during the first ten days of
June and was migrating along the continental slope
toward the open sea until the complete transformation
on the beam of Yalta during the third ten days of June.
Its migration was accompanied by compensation rise
of subsurface water in the nearshore zone between
Anapa and Kerch Strait and strengthening of coastal
upwelling along the southeastern shore of Crimea,
which led to a decrease in the numbers of eggs and lar-
vae of warm-water fish species, while sprat proceeded
with the successful spawning.

The number of larvae proved to be appreciably
lower during summer period than in spring, which
appears to be related to specifics of the sea thermal
regime due to the delayed summer hydrological sea-
son. June 2017 was cold for embryonic development of
warm-water fish. Cold-water species, such as С. euxi-
nus and P. elongatus, continued to dominate in fodder
zooplankton. Species of the cold-water complex are
known to take precedence during the spring period
and, in some instances, in the summer as well (Greze
and Fedorina, 1979), exactly which was observed by us
in June 2017. Apparently, the sprat was already finish-
ing spawning and was migrating to the nearshore sea
water areas for the summer fattening (Aleev, 1958),
inasmuch as its eggs and larvae occurred singly. In the
absence of predators and feeding competitors, propor-
tion of big chaetoghaths grew up to 55.8% in biomass
of fodder zooplankton biomass. When compared with
the spring season, abundance and biomass of crusta-
cean zooplankton in deep water areas decreased by a
factor of 1.5, while nauplii of copepods accounted for
as little as 19% of the Calanoida abundance. Reduc-
tion of small-size fraction in fodder zooplankton
appears to have had a negative effect on survival of the
larvae of nearshore fish species drifted off toward the
deep water areas.

CONCLUSIONS

The SST variability ranged 8–15°С in April–May
2017. The most warmed-up proved to be the waters of
Kalamita Bay and BRC in the western sector with the
submeridional boundary starting from the Cape
Tarkhankut. The colder waters were reported from the
nearshore zone of Crimea, from the Herakleian Pen-
insula to Kerch Strait. Active spawning of temperate-
water sprat was observed under low water temperature
along the Crimean Peninsula. The warm-water ich-
thyoplankton species, such as eggs of S. maeoticus and
larvae of Gobiidae spp. and S. schmidti, occurred only
in the western sector, where the sea surface tempera-
ture reached 15°С.

In June–early July 2017 the upper quasi-homoge-
nous layer did not exceed 10–15 m on average due to a
delayed summer hydrological season and was reduced
to 1–5 m in the nearshore zones exposed to “latent”
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upwelling. The mean number of eggs and larvae of the
warm-water fish species was considerably lower com-
pared with June 2016. Proportion of larvae of the tem-
perate-water fish species averaged 32% and reached
40% in the deep water areas. During the first ten days
of June 2017 abrupt strengthening of northeastern
wind led to the formation of active mushroom-shape
structure (VD) in the nearshore zone southerly of the
Taman Peninsula and drift of the nearshore fish spe-
cies larvae from demersal eggs away to the deep water
areas, where their proportion reached 51% in the total
larval fish abundance.

No significant differences have been established in
qualitative diet composition among various larval fish
species on the shelf and deep water sea area between
the spring and summer 2017 study periods. Copepods
at juvenile stages of Calanoida were dominant in larval
fish diet during both seasons. Adult copepods and the
ones at older stages were dominant in zooplankton.
Simultaneous presence in samples of a wide size range
of larvae of the temperate-water and warm-water fish
species; occurrence of larvae with different feeding
types; and, in addition, low proportion of larvae with
empty guts indirectly suggest conditions favorable for
their survival. This confirms the state of the forage
base, inasmuch as, notwithstanding a decline in quan-
titative values of fodder zooplankton in the deep water
sea areas, copepods with a relatively high share of nau-
plii were noted to be dominant in the plankton.
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