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Based on material, received in the 84" and 93™ cruises of the RV “Professor Vodyanitsky”, vertical
distribution of microplankton fraction of metazooplankton (MM) in the Black Sea in spring was an-
alyzed. A total of 27 stations were examined both in the coastal zone and in the deep sea. The 10-L
bottles of the CTD probes “Mark-III Neil Brown” and “Sea Bird 911” were used to collect 4—6 L of wa-
ter from 4—11 horizons of the water column. The samples obtained were concentrated by the reverse
filtration through the plankton net with the mesh size of 10 um. Quantitative and systematic analy-
sis of all samples was carried out totally in the Bogorov chamber using an MBS-9 stereo microscope.
The main factors determining nature of the distribution are MM species composition, physical structure
of the water column, and hydrodynamic processes affecting its stability/instability. Nauplii of Black Sea
Copepoda and veligers of Bivalvia were the most numerous systematic groups in “spring” MM. Mollusc
veligers determined abundance maxima in the lower layers of shallow water habitats, while copepods
prevailed over large depths and determined total abundance peaks in the upper and middle water layers.
Daily time series experiment showed that advective hydrodynamic processes can significantly affect
MM vertical distribution, changing physical structure of the water column. For some species, in most
cases, a correlation of their distribution with vertical profiles of temperature and salinity was revealed,
which rarely manifested at total MM abundance level. A comparison of two spring seasons (2016
and 2017) showed the relationship between vertical distribution of MM abundance and temperature
to be more pronounced in cases of low temperature. A change in the sign of correlation with tempera-
ture was detected during spring season for Oithona similis: an initially cold-loving species of Black Sea
copepods. This revealed in a more superficial distribution of the maxima abundance of this species
at lower seasonal temperatures, which could reflect a shift in temperature optimum for the species
population and play the role of an adaptive reaction in conditions of seasonal changes in sea thermal
characteristics.

Keywords: metazoan microzooplankton, abundance and species composition, vertical distribution,
correlation with temperature and salinity, Black Sea

The assessment of trends in vertical distribution of abundance, biomass, and species diversity of zoo-
plankton is important due to the role this group plays in matter and energy transfer from the surface
to the depth in marine ecosystems. This transfer mediates availability of food resources and structure
of trophic relationships over depth.

A pattern of vertical distribution of zooplankton as a complex organism with different biology is very
complicated and requires its interpretation in the study of individual components of plankton community.
As an ecological group, the zooplankton is rich by taxa, and its vertical distribution varies gradually.
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As far as the Black Sea is concerned, the issue of zooplankton vertical distribution has been studied
by a number of researches (Delalo et al., 1965 ; Petipa et al., 1963 ; Vinogradov et al., 1987). These
studies and some others, including the more recent ones, were focused on the distribution of so-called net
zooplankton, in which meso- and macrozooplankton fractions dominate, while the issue of distribution
of metazoan microzooplankton (hereinafter MM) has not been studied. MM fraction is represented
primarily by copepod naupliar stages; they used to be sampled by Niskin bottles (Seregin & Popova,
2016a ; Takahashi & Uchiyama, 2008 ; Ueda, 1987), by specialized plankton nets with a mesh size
of less than 60-70 pm (Uye & Sano, 1995), or by other devices (KrSini¢ & Grbec, 2012). In general,
crustaceans could contribute up to 90 % of total MM abundance. This group mediates the survival rate
of many commercial fish species in the region (Klimova & Vdodovich, 2011).

MM habitat of holo- and meroplanktonic organisms in the Black Sea is constrained by the upper
50-100-m layer. Vertical distribution varies for different zooplankton species, sizes, and ontogenetic
fractions (Kovalev, 1967 ; Shmeleva & Zaika, 1973 ; Takahashi & Uchiyama, 2008 ; Trudnowska et al.,
2015 ; Ueda, 1987). It is influenced by season and hydrographic conditions (Takahashi & Uchiyama,
2008 ; Trudnowska et al., 2015), including the presence of thermo-, halo-, and pycnoclines (Landaeta
etal., 2013 ; Lougee et al., 2002), wind mixing (Lagadeuc et al., 1997), and many other factors.

There are very few data on MM vertical distribution in the Black Sea. In Crimean waters in win-
ter, abundance peaks were located at 5—15 and 40—60 m, whereas the biomass was distributed without
clear peaks in the water column (Pavlovskaya, 1976). In summer, being the period of developed thermal
stratification of the water column, the subsurface maximum of MM abundance is formed in the thermo-
cline or beneath it (Seregin & Popova, 2010). MM vertical distribution spring pattern is yet to be defined.
So, the aim of the present study was to assess metazoan microzooplankton spring vertical pattern, as well
as to analyze environmental factors mediating this pattern.

MATERIAL AND METHODS

In total, 44 and 147 MM samples were collected in April 2016 and 2017, respectively, during two
cruises of the RV “Professor Vodyanitsky”. In 2016, 10 stations were located along Crimean Peninsula
shelf, 12 miles offshore. In 2017, the sampling area was extended up to the central part of the Black
Sea (Fig. 1, Table 1). Along with that, in order to reveal a diel variation of MM abundance, a daily time
series experiment was carried out in the southern region, on the station in front of the Laspi Bay.
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Fig. 1. Map of the stations of the 84t (left) and the 93" (right) cruises of the RV “Professor Vodyanitsky”
in the Black Sea and the Sea of Azov (2016 and 2017)
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Table 1. Station numbers, coordinates, depths, and ranges of temperature (T) and salinity (S) changes

on the sampling horizons (2016 and 2017)

Year Station” | North lat., east long. | Total depth, m Range of changes ™ Sampling horizons, m
T, °C S, %o
1 44°43.7",33°16.5' 97 11.5/103 | 18.21/18.17 0, 10, 20, 30
3 45°41.6', 32°46.1" 25.5 11.1/105 | 18.37/18.35 0,5,10, 18
4 45°32.3",32°26.5' 38 11.0/ 85 | 183871831 0,5,15,32
7 45°09.5, 33°08.5’ 24 11.5/10.0 | 18.36/18.25 0,8,15
ol 11 44°23.3", 33°40.9' 90 10.1/ 95 | 1825/1832 | 0, 10,20, 30, 40, 50
17 44°20.4’, 33°42.5' 93 10.9/103 | 182171821 0,5, 10, 20, 30
18 44°27 .4, 34°13.3' 86 11.0/10.4 | 18.18/1800 | 0,5, 15,25, 30
20 44°59.5", 35°34.5' 26 10.6/ 9.6 | 1825/18.17 0, 10,21
21 44°55', 35°34.9' 39 11.9/11.0 | 18.13/18.09 0, 10, 20, 30
26 44°51.7", 35°19.4° 51 12.1/ 9.0 | 181871824 | 0,10, 20, 30, 40
1 44°30.2", 33°16.3’ 112 10.1/ 82 | 182971834 | 0,5, 15,30, 50
3 43°59.47, 32°45.9' 1796 10.1/ 82 | 18.13/18.52 0, 15, 28, 50
5 43°21.2, 32°09.9’ 2030 9.7 /86 | 18.69/20.39 | 0,5, 10, 20, 30, 40, 50
7 43°23.4, 34°29.6' 2200 9.1 /88 | 185372099 | 0, 10,20, 30, 40, 50,
60, 70, 80, 90, 116
11 44°08.8", 36°47.3' 1600 10.5/ 8.6 | 18.12/19.59 | 0, 10, 15,25, 40, 60
13 44°55.8", 36°35.5' 43 9.4 / 88 | 18.24/18.24 0,5, 15, 40
2017 14 43°42.3", 32°05.1" 1894 9.4 /75 | 1857/1876 | 0,5, 10,20, 30, 45
15 44°02.07, 31°59.0/ 1515 9.6/ 83 | 1846/1849 | 0,5, 15,25, 45
16 44°20.5, 31°56.3' 1370 97780 | 183271836 | 0,8, 16,32, 48
18 44°57.17, 31°44.9' 62 95/70 | 1837/1839 | 0,8, 15, 36, 45
20 45°33.00, 31°37.3' 48 82 /6.1 | 18.43/18.43 0,7,15,36
30 44°24.2, 33°40.9' 70 9.0 /7.7 | 18.15/18.41 0,5, 12, 24, 40
31 44°26.6', 34°12.9' 86 9.2 /80 | 1826/1839 | 0,5, 14,30, 55
33 44°52.2",35°14.3' 44 87 /82 | 18.02/18.19 0, 12, 20, 40

Note: * station numbers in 2016 and 2017 do not coincide; ** values in the upper / lower sampling horizon.

The 10-L bottles of the CTD probes “Mark-III Neil Brown” and “Sea Bird 911” were used to sam-
ple 4-6 L of water, which was filtered by the reverse filtration through the plankton net with the mesh
size of 10 pum. Samples were preserved with 4 % buffered formaldehyde and kept in the freezer. Or-
ganisms were counted under the microscope MBS-9, with the magnification x32. The Bogorov chamber
and the ICES Zooplankton Methodology Manual (Harris et al., 2000) were used to count organisms. Ac-
cording to previous researches (Denda et al., 2017 ; Kovalev, 1980 ; Zaika et al., 1976), all individuals,
fitting the size range of 50 to 500 um, were treated as MM. Copepods were identified to species level,
including naupliar stages (Opredelitel’ fauny..., 1969 ; Sazhina, 1985).

All nauplii of the genus Acartia were identified as Acartia clausi Giesbrecht, 1889, since the related
species Acartia tonsa Dana, 1849, also inhabiting the Black Sea, is present in its coastal water plankton
in summer and autumn (Zaremba, 2017). This species sharply reduces its fecundity at temperatures

Mopckoii buonoruueckuii kypHan Marine Biological Journal 2020 vol. 5 no. 4



Some peculiarities in vertical distribution of metazoan microzooplankton... 97

below +20 °C (Peck et al., 2015), develops in shallow waters (Paffenhofer & Stearns, 1988 ; Tester
& Turner, 1991), predominantly in bays, where the water warms up to the bottom (Gubanova, 2000),
and experiences low temperatures as dormant delayed-hatching eggs (Marcus & Lutz, 1994).

To identify the relationship of MM vertical distribution with water physical parameters, the value
of the correlation coefficient was used (Urbakh, 1975). Temperature and salinity were used as the main
factors reflecting hydrological structure of the water column. Water temperature and salinity were mea-
sured every time when sampling by CTD probes was carried out. The correlation was calculated for total
number of MM, its groups (non-crustacean plankton, Copepoda, Bivalvia, etc.), and separate species
(Oikopleura dioica Fol, 1872, various copepod species). The Sigmaplot 12.5v software was used to es-
timate the Pearson correlation coefficients and their reliability, as well as to construct plots of verti-
cal distribution. The Golden Software Surfer 9v software was applied to map the water areas sampled
and the spatial distribution of temperature.

RESULTS AND DISCUSSION

In 2016, average temperature of the surface layer of the water areas studied was +11.19 °C,
and average salinity was 18.22 %o. Vertical distribution of temperature and salinity in western
shallow coastal regions (20-40 m) was relatively homogeneous in the upper 15-m mixed layer,
with a subsequent gradual decline beneath it (Fig. 2). In response to this thermohaline structure,
MM maximum was observed in the thermo- and halocline (stations 3 and 4) and contributed
by bivalve larvae, predominantly. However, at st. 7, MM maximum was located in the upper
mixed layer. This maximum was formed by A. clausi, while bivalve mollusc larvae were abundant
in the thermocline.

As far as general trends of vertical distribution are concerned, the dominance of crustaceans (con-
tributed up to 81 % to MM in the upper 5-m layer) was substituted by that of non-crustacean fraction,
with the predomination of bivalve larvae. On species level, A. clausi dominated in the upper mixed layer,
while Paracalanus parvus (Claus, 1863) and Oithona similis Claus, 1866 formed abundance maxima
in deep layers.

In the southeastern coastal region, MM abundance reached 37 000 ind..-m™. The thermocline
and halocline were not pronounced in shallow waters, so MM abundance declined from the surface
to the bottom (see Fig. 2, st. 26). Bivalve larvae were numerous near the bottom (st. 22), while copepods
dominated in the upper and middle layers, especially on “deep” stations.

The thermohaline characteristics of the southern coastal region were different compared to those
of western and eastern regions. At st. 1, 11, and 17, the low-saline lenses were traced at 7—12-m depth.
In response to these lenses, MM abundance declined, especially for Acartia and Paracalanus species
(Fig. 2, st. 11 and 17). Maximum MM abundance (15 000 ind.-m™), contributed by O. similis, P. parvus,
and Pseudocalanus elongatus (Brady, 1865), was observed at 30 and 50 m, while A. clausi was the most
abundant in the upper mixed layer.

In 2016, no correlations in the distribution of total MM abundance, temperature, and salinity were
found. However, the correlation between these parameters have persisted on species level. For in-
stance, negative correlation with temperature was noticed in vertical distribution of Oithona, Pseudo-
calanus, and bivalve larvae abundance at st. 1, 17, and 26, while positive correlation was recorded
for Acartia and Paracalanus abundance. At st. 11, abundance of Oikopleura dioica correlated positively
with temperature and negatively with salinity (Table 2).
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Fig. 2. Vertical distribution of water temperature (T), salinity (S), abundance of total metazoan microzoo-
plankton (N, Oithona similis (O. sim), Acartia clausi (A. cla), Paracalanus parvus (P. par), Pseudocalanus
elongatus (P. el), Bivalvia veligers (Biv) in the western (top row), southern and southwestern (middle row),
and southeastern (bottom row) coastal waters of Crimea in spring 2016
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Table 2. Correlation between metazoan microzooplankton abundance and temperature (T) and salinity (S)
in the water column in spring 2016 and 2017

Correlation between

Number total abundance and Significant correlations
Station of temperature salinity on species level:
horizon Ceorrs Significance Ceorrs Significance r—P
r level, P r level, P
2016
1 4 —0.66 0.342 -0.45 0.550 O. similis — T: =0.996 — 0.004**
3 4 —0.61 0.388 —0.60 0.405 P. parvus — S: 0.95 — 0.048*
4 4 -0.03 0.968 —0.08 0.917
7 3
11 6 -0.16 0.761 0.45 0.377 O. dioica — T: 0.86 — 0.028*
0. dioica — S: -0.92 — 0.010**
17 5 -0.74 0.156 0.69 0.193 O. similis — T: —0.96 — 0.01*
P. elongatus — T: —0.93 — 0.023*
Bivalvia — T: =0.997 — 0.0002*
18 5 0.02 0.979 -0.02 0.972
20 3 -0.09 0.940 -0.62 0.574
21 4 —0.04 0.946 0.17 0.782 Copepoda — T: 0.88 — 0.048*
Copepoda — S: 0.92 — 0.028*
P. parvus —T: 0.95 - 0.011*
A. clausi — S: 0.95 - 0.015*
26 5 0.86 0.061 -0.25 0.681 P. elongatus — T: —0.89 — 0.043*
2017
1 5 0.43 0.470 —0.77 0.129 A. clausi — T: 0.97 - 0.005*
P. elongatus — T: —0.92 — 0.026*
4 —0.41 0.59 0.55 0.451 P. elongatus — S: 0.99 — 0.042*
7 0.31 0.493 -0.86 0.014* Copepoda — S: —0.86 — 0.013*
P. parvus — S: —-0.98 — 0.016*
7 11 -0.12 0.78 —0.88 0.0041%** O. similis — T: 0.89 — 0.016*
P. elongatus — T: —0.85 — 0.008**
Copepoda — S: —0.88 — 0.004**
P. parvus — S: —0.93 — 0.02*
11 6 0.99 0.001** -0.90 0.039 Copepoda — T: 0.99 — 0.0009**
Copepoda — S: —0.89 — 0.045*
A. clausi — T: 0.99 — 0.0056**
A. clausi — S: —0.97 - 0.028*
O. similis — T: 0.93 — 0.021*
13 4 —0.78 0.217 0.75 0.252
14 6 —0.64 0.171 0.42 0.404 P. elongatus — T: —=0.98 — 3.3-10*#*
P. elongatus — S: 0.92 — 0.009%*
15 5 —0.58 0.305 0.44 0.458
16 5 0.51 0.376 —0.78 0.123
18 5 —0.57 0.313 0.03 0.961

Continue on the next page...
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Correlation between

Number total abundance and Significant correlations
Station of temperature salinity on species level:
horizon Ceorrs Significance Ceom Significance r—-P
r level, P r level, P
20 4 0.76 0.241 0.08 0.916 P. elongatus — T: =0.99 — 0.011%*
30 5 0.92 0.027* -0.90 0.037* Copepoda — T: 0.98 — 0.003*

Copepoda — S: —0.98 — 0.004*
O. similis — T: 0.90 — 0.037*
O. similis — S: =0.92 — 0.027*

P. elongatus — S: 0.89 — 0.041%*

31 5 -0.07 0.906 —0.03 0.957
33 4 0.90 0.097 —0.87 0.125 A. clausi —T: 0.96 — 0.045%*
A. clausi — S: —0.97 - 0.029*
P. elongatus — T: —0.96 — 0.040*
P. elongatus — S: 0.96 — 0.042%*

Note: correlations are significant at P < 0.05 (*) and P < 0.01 (*#).

April 2017 in the Black Sea was characterized by the lowest monthly average water temperature
over the last 10 years of meteorological observations (WeatherArchive official site, 2020). Our data
is consistent with this: surface temperature averaged +9.21 °C; temperature in various water areas was
1.5-3 degrees lower than in 2016 (Fig. 3). Salinity of the surface layer was slightly higher than in 2016
and averaged 18.34 %o.

North latitude

43 ' % . - N . 1
East longitude 32 33 34 35 36 37

Fig. 3. Temperature of the surface layer of Crimean Peninsula Black Sea waters in spring 2016 (left)
and 2017 (right)

Some examples of MM vertical distribution over three coastal regions are shown on Fig. 4. For in-
terannual comparison, only matching stations were selected. In the southern region (in front of Sevasto-
pol, st. 1), relatively invariant thermohaline structure of 110-m water column was observed over years.
The upper mixed layer was confined by 5-m isobath, with a smooth temperature decline underneath it.
Vertical distribution of MM abundance was similar to that in 2016. The subsurface total abundance
maximum was located at 20-30 m. However, some differences persisted on species level. For instance,
A. clausi abundance peak was observed on the surface in 2017, which was not the case a year earlier.
Bivalve larvae were numerous in 2016, but their abundance was very low in 2017.

Mopckoii buonoruueckuii kypHan Marine Biological Journal 2020 vol. 5 no. 4



Some peculiarities in vertical distribution of metazoan microzooplankton... 101

= 3
-3 3 Abundance, ind. m
Abundance, m Abundance, m 0 10002000 5000 10000 15000

0 3000 6000 9000 1200015000 18000 o 4000 8000 12000 16000

Abundance, m?
0 5000 10000 15000 20000
L 1 L 1 J

05 0 A .
g s H 3
- |‘ s : >
Ly ~ - 5 0 4 ' A
St. 30 £ =
E 2] 7om E-20 - oL2s
& o c 44m
g =i ws Su
N 30 - : N gem B o
g %: 5 &3 =2 L ¥
L]
T 40 LY >: T <= 5 <0 e 02
4 A e T - 14 7
) : lmu s -50 A 7 T
50 i . 7 i 1 i - : $i0%
* Temperature, °C* 1 H i | \ = : 4<ln
e W CIMPETAINNG =23 Teémperature, ¥C 60 Tempetature, °C Temperature, °C
70 75 80 85 %0 95 100 105 6.5 7.0 75 8.0 85 9.0 75 78 81 84 87 90 93 96 82 83 84 B85 8.6 87
1821 1824 1827 1830 1833 181 182 183 184 LT 179 18.0 181 182
Salinity, ppt Salinity, ppt Salinity, ppt Salinity, ppt

Fig. 4. Vertical distribution of water temperature (T), salinity (S), total abundance of metazoan micro-
zooplankton (1) and non-crustacean plankton (3), abundance of copepods O. similis (4), A. clausi (5),
P. elongatus (6), P. parvus (7), and Bivalvia veligers (8) in waters of the Sevastopol coastal zone (station 1),
the southern (st. 30 and 31) and southeastern (st. 33) coast of Crimea in spring 2017

In the southern region (in front of the Laspi Bay) in 2016, total MM abundance maximum
(16000 ind.-m™>) was located under the thermocline (Fig. 2, st. 11 and 17), whereas in 2017, the maxi-
mum (14 000 ind.-m™>) was observed in the surface (Fig. 4, st. 30) or in 20—30-m upper part of the water
column (Fig. 4, st. 31).

In the southeastern region (in front of Karadag), vertical distribution of MM abundance over two sam-
pling years was similar for both near-shore and deeper stations. On species level, a more shoaled position
of O. similis peaks was observed in 2017 compared to 2016.

In 2017, positive correlation between total MM abundance and temperature was observed at st. 11
and 30. Negative correlation between total MM abundance and salinity was registered at st. 5, 7,
11, and 30. If comparing all stations by species distribution, O. similis and A. clausi had positive
correlation with temperature but negative with salinity. P. parvus abundance correlated negatively
with salinity, whereas P. elongatus abundance correlated positively with salinity and negatively with
temperature (see Table 2). Interestingly, Oithona similis had negative correlation with temperature
in 2016, but positive one in 2017. Along with that, the subsurface abundance maximum of these
species shoaled over two years.

The daily time series experiment, carried out in the southern region (in front of the Laspi Bay), en-
abled a short-term interplay between MM abundance and thermohaline characteristics to be analyzed.
In the morning (8:00-12:00 a. m.), the upper mixed layer was poorly developed, so temperature de-
clined almost linearly over depth. MM abundance peak was located on the surface (Fig. 5). In the after-
noon, an upper mixed layer of 15-25 m was formed. MM abundance responded to that by descend-
ing to the lower boundary of the mixed layer and formed the subsurface maximum there (Fig. 5).
So, the monotonic declining trend of MM abundance has transformed into a nonlinear vertical
distribution with multiple maxima and minima.

It should be emphasized that temperature changes observed were not mediated by solar insulation
of the upper layer. These changes were associated with horizontal advection of waters, which was re-
flected in transformations of temperature and salinity temporal profiles in the upper horizons of the wa-
ter column (Fig. 6). These transformations indicated the penetration of cold and saline deep waters:
an indicative of coastal upwelling, mediated by regional winds (Repetin, 2012).
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Fig. 5. Vertical distribution of temperature, salinity, and total metazoan microzooplankton abundance
during the daily time series experiment at station 30 (Laspi Bay traverse, 30-31 March 2017)

During the time series experiment, the correlation between MM abundance and temperature was
positive (0.7-0.9; P < 0.05), while the correlation between MM abundance and salinity was negative.

On the one hand, this experiment confirmed the stability of the correlations between MM distribution
and physical characteristics of the water column in the temporal aspect. On the other hand, this exper-
iment revealed the importance of hydrodynamic factor, capable of modifying hydrological structure
of the water column in a short period of time.

Total MM abundance during two spring researches (2016 and 2017) was contributed mainly by cope-
pod naupliar stages and bivalve larvae. Gastropoda larvae, O. dioica, and Rotatoria and Polychaete lar-
vae were much less abundant. As known, temperature is one of the most critical abiotic factors, in-
fluencing biological functions of organisms at all levels (Hochachka & Somero, 2002). With regard
to this factor, Black Sea copepods were divided into three groups: the first one — preferring low temper-
ature, the second one — preferring high temperature, and the third one — being tolerant to a wide range
of temperature changes. High temperatures are preferred by Acartia tonsa, Oithona davisae, and Cen-
tropages ponticus Karavaev, 1894. The first two species were not observed in our samples, while the third
one contributed 1.5 % to total MM abundance in 2016, but was almost absent in samples a year later.
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Fig. 6. Daily dynamics of temperature, salinity, and total metazoan microzooplankton abundance
on sampling depths (surface, 5, 12, 24, and 40 m) on Laspi Bay traverse

Cold-loving species were represented by Oithona similis, Pseudocalanus elongatus, and Calanus euxinus

Hulsemann, 1991. Species with a wide range of thermal tolerance were represented by Acartia clausi
and Paracalanus parvus.

The cited diversity of thermal preferences explains low correlations between total MM abundance
and temperature over stations sampled, since temperature preferences of cold-loving and more ther-
mophilic species compensate each other. Another possible reason for the lack of correlations at some
stations is the small number of horizons studied. Thus, all cases of statistically significant correlation
between total abundance and temperature/salinity occurred at stations with a greater number of samples
taken (horizons studied) (st. 5, 7, 11, and 30 in 2017).

On species level, certain correlations with temperature were observed. For instance, cold-loving
P. elongatus has negatively correlated with temperature, while eurythermic A. clausi showed an oppo-
site trend. Due to this, Pseudocalanus formed its maximum in deeper layers, while Acartia abundance
maximum was observed on the surface.

Copepod fraction of MM showed different vertical patterns during summer and spring seasons.
For instance, O. similis was completely absent in the surface waters at summer and lived mainly un-
der the thermocline and in the bottom layers (Seregin & Popova, 2016b), whereas in mid-spring this
species peaks were associated both with the lower horizons at +9.5...+10.3 °C and with the upper
layers at +10.9...+11.0 °C (Seregin & Popova, 2019). Similar spring vs summer difference was ob-
served in P. elongatus distribution, which preferred cold temperatures as well (Seregin & Popova,
2016b). O. similis summer pattern corresponds to the cold-loving status of this species, distributed over
the World Ocean Arctic and temperate waters (Wend-Heckmann, 2013). For Black Sea waters, this
species is a North Atlantic immigrant. O. similis, along with C. euxinus and P. elongatus, forms a deep-
sea complex of cold-water copepods (Nikitin, 1926) and can be found year-round (Yildiz & Feyzioglu,
2014). Adult forms and copepodites prefer summer layers with temperature about +8 °C (Kovalev,
1967). At lower temperatures in early spring, we registered further changes in vertical distribution
of O. similis juvenile stages: an even more superficial distribution of this species abundance. As a re-
sult, there was a change in the sign of correlation with temperature from negative to positive, which
suggests a corresponding change in species status (temporary) from cold-loving to somewhat more ther-
mophilic. Such phenomena may reflect a shift in temperature optimum of a population (Verbitsky, 2012)
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and play the role of an adaptive reaction in conditions of seasonal changes in sea thermal character-
istics. The mechanism of such reaction can be a fine-scale behavioral selection of preferable water
characteristics by different zooplankton species and life stages (Trudnowska et al., 2015).

A. clausi was abundant in the upper mixed layer of the water column during both seasons. Despite
the status of eurythermic, this species manifested itself rather as a warmth-loving species at spring
temperatures. Therefore, correlation of Acartia with temperature was always positive. Along with
O. similis, which has changed its temperature status, A. clausi was the most abundant species in 2017.
So, these two species mediated a positive correlation of total MM with temperature.

Conclusion. Hydrological parameters of the environment (temperature and salinity) and species
composition in specific habitats were the main drivers of vertical distribution of metazoan microzoo-
plankton abundance. In addition, hydrodynamic processes (for instance, horizontal advection of waters)
can significantly affect hydrological structure of the water column and MM distribution pattern.

The correlation between MM species abundance, temperature, and salinity was elucidated for most
sampled stations during spring season. In particular, A. clausi abundance always correlated positively with
temperature and negatively with salinity. This species manifested itself rather as a warmth-loving one
at spring temperatures. A reversed correlation pattern was observed in P. elongatus abundance. On total
MM abundance level, correlations with temperature and salinity were weak and observed in early spring
in 2017; thus, the relationship between vertical distribution of MM abundance and temperature is more
pronounced in cases of low temperature.

A change in the sign of correlation with temperature during spring season was determined for O. sim-
ilis, an initially cold-loving species of Black Sea copepods. This manifested in a more superficial distri-
bution of maximum abundance of this species at lower seasonal temperatures, which could reflect a shift
in temperature optimum of species population and play the role of an adaptive reaction in conditions
of seasonal changes in sea thermal characteristics.

Highlights:

1. Correlations with temperature were weak on total abundance level and were only observed in early
spring period with lower temperatures.

2. On species level, correlation between abundance, temperature, and salinity was elucidated for most
cases.

3. Different species exhibited different correlation with temperature: both positive (for instance, Acar-
tia clausi) or negative (e. g., Pseudocalanus elongatus). Some cold-loving species (Oithona similis) ex-
hibited the change in the sign of correlation with temperature during a subsequent seasonal warming.
This work has been carried out within the framework of IBSS government research assignment “Functional,

metabolic, and toxicological aspects of hydrobionts and their populations existence in biotopes with different physical
and chemical regimes” (No. AAAA-A18-118021490093-4).
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HEKOTOPBIE OCOBEHHOCTH
BEPTHKAJIBHOI'O PACIIPEJEJIEHUSA META3OMHOI'O MUKPO30OIIJIAHKTOHA
B YiPHOM MOPE B BECEHHHI INEPHAO/I

C. A. Ceperun

denepanbHBIA UCCNENOBATENBCKUIA HEHTP «HCTUTYT OUOJIOTHH 105KHBIX MOpEH
nmenn A. O. KoBanesckoro PAH», CeBactonons, Poccuiickas ®enepanys
E-mail: serg-seryogin@yandex.ru

[To marepwmany, moaydeHHoMmy B 84-m u 93-M peiicax HUC «IIpodeccop Bomsauikmii», mpoaHau-
3MpPOBAaHO BEPTHKAJIBHOE paclpelesieHue MUKPOIUIAHKTOHHOM (Ppakluy MeTa3ooIulaHkToHa (MM)
B Uéprom mope B BeceHHu# nepuon. CymmapHO 00cienoBaHO 27 CTaHIMK Kak B MPUOPEKHOMN,
TaK ¥ B [TyOOKOBOJIHO# YacTsix MOpsi. [IpoObl Bobl st yuéTa uncieHHocTH MM 06bEéMoM 4—6 11 0TOU-
pasu 10-murpoBeivu 6aTomMerpamu 30H10B Mark-1I11 Neil Brown mnu Sea Bird 911 (CIIA) ¢ 4-11 ro-
PU3OHTOB BOJHOTO cTonOa. [lonydyeHHble POObl KOHIEHTPUPOBAIM TP TOMOIIM BOPOHOK 00paT-
HOM (PUIIBTPAIVY U TUTAHKTOHHOTO cUTa ¢ pasMepom mop 10 Mxm. KonmmvecTBeHHbIN 1 cucTemMaTnye-
CKMI aHaJIM3 BCeX MpoO MPOBOAWIIM TOTAIBHO B Kamepe Boroposa mpu moMory crepeoMuKpocKona
MBC-9. OcHOBHBIMU (haKTOpaMH, ONIPEAEIAIOIINMY XapaKTep paclpeaeIeHus, ABIIINCh BUIOBOU CO-
craB MM, ¢pusndeckas CTpyKTypa BOZHOTO CTOJI0A, a TaKkKe TUIPOJUMHAMUYECKHE ITPOLIECCHI, BO3/EH-
CTBYIOIIME Ha €ro CTaOUIbHOCTH/HEYCTOMUMBOCTD. Hanbonee MHOTOUMCIEHHBIMU CHCTEMATHUECKUMU
rpynIaMu B «BeceHHeM» MM Oblin Hayruychl yepHoMopckux Copepoda u Benrepsl Bivalvia. Be-
JIMTEPbl MOJUTIOCKOB OOYCJIABIMBAI MAKCUMYMBbI YMCJIEHHOCTH B HKHHX CJIOSIX MEJKOBOIHBIX Me-
CTOOOMTaHMIA; HaJl OOJBIIMMHE ITyOMHAMU B coctaBe MM npeBaivpoBaIy KOTIETIOAB!, ONpe/ieIsIBIIIe
KU OOLLEeH YMCIEHHOCTH B BEPXHUX M CPEJHUX CIOsAX BOAbl. CyTOUHBIN SKCIIEPUMEHT IO BbISBIIE-
HUIO TUHaMUKHU BEPTUKAJIBHOTO pacnpeneneHns MM mokasan cylniecTBEeHHOE BIMSHHUE Ha HEro aj-
BEKTUBHBIX TMIPOJIUHAMUYECKUX MPOLIECCOB, BO3AEHCTBYIOIIMX Ha (PU3NYECKYIO CTPYKTYPY BOJHOTO
cronba. s otaenbHbIX BUIOB MM B GOJIBIIMHCTBE CIIy4aeB BhISIBJIEHA KOPPEJISIMS UX pacipesele-
HUS C BEPTUKAJIBHBIMU MPO(IIAMU TEMIIEPATyphl M COJIEHOCTH, YTO PEAKO MPOSIBISIIOCh HA YPOBHE
o0ieit uncnenHoct MM. CpaBHeHue 1ByX BeceHHUX ce30HOB (2016 u 2017) mokasaio, 4To CBSI3b
BEpPTUKAJILHOTO pacrpenenenrss MM 1 TemriepaTypbl IpOsIBIISIaCh CHJIbHEe Ipu Oosiee HU3KMX €€
3HaYeHUsIX B Mope. [Ji1 NCXOJHO XOJIOJHOJIIOMBOTO BUa YePHOMOPCKUX Komenon, Oithona similis,
oOHapykeHa CMEHa 3HaKa KOPpeJsIiMK C TEMIIEPATypOoi BOJEI B MPOLIECCE CE30HHOTO €€ M3MEHEHHMS.
B pesysnbrate 3apeructpupoBaHo OoJiee MOBEPXHOCTHOE pacipeesieHre OCHOBHBIX MAaKCUMYMOB UKIC-
JIEHHOCTH B 00Jiee XOJIOAHBIX YCJIOBHSIX, YTO MOIJIO OTPaXaTh U3MEHEHUE TEMIIEPATYPHOTO OITUMY-
Ma BW/Ia U UTPaTh POJIb aJANTHBHOW PEAKI|H MOIMYJISIIUNA TIPU CE30HHBIX N3MEHEHHUSIX TepPMabHBIX
XapaKTEPUCTUK MOPAI.

KuroueBbie ciioBa: MeTa3oWHBI MUKPO30OIUIAHKTOH, OOWJIME M BUJIOBOI COCTaB, BEPTUKAILHOE
pacripenienieHue, KOppessIys ¢ TeMIIepaTypoil U CONEHOCThIo, YEpHOE MOpe
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