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The size of Artemia cysts is an important indicator of their value as a food resource; to some extent,
it allows to identify populations. The data on cysts of Artemia parthenogenetic populations (diameter,
chorion thickness, and presence of spots on a shell), sampled in hyperhaline lakes of Western Siberia
in different years, were analyzed, as well as the data on the morphometry of Artemia adults, reared
from cysts at the same salinity. Significant intra- and interpopulation variability in the indicators was
established. The absolute values of the cyst diameter were in the range of 210-330 um, the mean
values for the samples — 243.5-282.9 um, the mean values for populations — 257.8-279.6 um; the ab-
solute values of the decapsulated cyst diameter were in the range of 196-294 pm, the mean values
for the samples — 236.5-262.6 um, the mean values for populations — 239.9-253.2 um; the absolute
values of the cyst chorion thickness were in the range of 3.3—16.9 um, and the mean values for popula-
tions — 6.6—12.4 um. In the main commercial fishing lakes, which account for about 70 % of the total
catch of Artemia cysts in Russia, the cysts had similar mean population sizes: 262-268 um. The absence
of intrapopulation anchoring of the cyst diameter and chorion thickness values is concluded; so, they
cannot serve as reliable indicators, identifying Siberian populations. Statistically significant correla-
tion (r = —0.5) was established between salinity of a mother water body and Artemia embryo diameter.
Cyst spotting, not exceeding 5 % in almost all the samples, reached 24 % in cysts of Kuchukskoye
Lake. Analysis of morphometric indicators of Artemia adults, reared from cysts, showed as follows:
the mean body length (9.27-11.63 mm), abdomen width (0.53-0.69 mm), and distance between eyes
(1.36-1.52 mm) were closely correlated with salinity of a water body (r values were of —0.76; —0.62;
and —0.67, respectively). Cluster analysis of a set of morphometric indicators of Artemia adults showed
the unification of populations based on salinity.

Keywords: Artemia parthenogenetica, cyst diameter, morphometry of Artemia adults, chorion

thickness, salinity, population variability, Western Siberia

Out of seven Artemia species, living on the planet, three are found in Russia: in Crimean
water bodies — Arfemia salina (Linnaeus, 1758) and Artemia urmiana Gilinther, 1899; in Tuva
(Svatikovo Lake) — Artemia sinica Cai, 1989 (Litvinenko et al., 2009, 2016 ; Shadrin et al., 2012 ;
Shadrin & Anufriieva, 2012). In Russia, most populations belong to the group of those, unspecified
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to species level and reproducing parthenogenetically — Artemia parthenogenetica Bowen & Sterling, 1978.
The need to identify commercial samples of Artemia cysts was highlighted as early as 2004 (Xiaomei
et al., 2004). By that time, various Artemia species and geographical races began to enter the world
market, both from the American continent and Asia (Western Siberia, Kazakhstan, Turkmenistan,
and China). These cysts differed significantly in some characteristics from cysts of Artemia francis-
cana Kellog, 1906 from Great Salt Lake (USA), which are considered “standard” in aquaculture prac-
tice (Xiaomei et al., 2004). It concerned the peculiarities of diapause, chorion color, cyst and nauplius
size, content of highly unsaturated fatty acids, buoyancy, hatching ratio and rate, efc. Later, due to il-
legal, unreported, and unregulated fishing, it became necessary to identify parthenogenetic populations
in Russia. Numerous publications appeared (Egorkina et al., 2008 ; Litvinenko et al., 2018 ; Starovoitova
& Burmistrova, 2017 ; etc.), which focused either on significant interpopulation differences in cyst
diameter, allowing to identify populations, or on instability of this indicator in the same population
in different years. A common drawback of these works was a small number of studied populations
in different years.

In this regard, we were faced with the aim to study intra- and interpopulation variability of Artemia
cysts, using an extended data series, and, on the basis of the results obtained, consider possible ways
of identifying Artemia population by the cyst diameter, chorion thickness, chorion structure, and size
of Artemia adults, reared from cysts up to mature stage.

MATERIAL AND METHODS

The cysts of Artemia parthenogenetic populations from 13 hyperhaline lakes of Western Siberia
were studied. These lakes are as follows: Bolshoye Medvezhye (in the years of sampling, salinity
was of 168-293 g~L'1), Maloye Medvezhye (164-321), Gashkovo (132-164), Nevidim (112-175),
Sorochie (213-263), Aktoban (83-190), Siverga (74-86), Ulzhay (105-235), Ebeyty (135-344),
Bolshoye Yarovoye (147-155), Maloye Yarovoye (201), Kuchukskoye (240), and Kulundinskoye
(80 gL™") (Fig. 1). Cyst samples were collected in 2008—2019. The analysis was carried out
by cyst diameter (43 samples), chorion thickness (31 samples), and morphometry of Artemia adults
(7 samples).

Before measuring the diameter, cysts were placed in NaCl solution (10 g-L™"), with 1 % Lugol’s
iodine added, for 2 hours; then, they were filtered and placed in a Petri dish with 1 % Lugol’s iodine
and left in the dark for 12 hours. The next day, using an Altami SMO0870 stereoscope, the diameter
of hydrated cysts was measured (300 cysts from each sample).

To determine the chorion thickness, first, the diameter of hydrated cysts was measured; then, sodium
hypochlorite (5 % of active chlorine) was added to remove cyst shell; 10-15 minutes later, embryo
diameter was measured. The sample was of 100 cysts in each population. The chorion thickness (T.p)
was determined by the formula:

Th:(dc_de)/2’ (D

C

where d. is cyst diameter;
d. is embryo diameter.
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Fig. 1. Location of hyperhaline lakes (sources of Arfemia cysts studied): 1 — Sorochie; 2 — Gashkovo; 3 — Aktoban; 4 — Nevidim; 5 — Maloye
Medvezhye; 6 — Bolshoye Medvezhye; 7 — Siverga; 8 — Ebeyty; 9 — Ulzhay; 10 — Bolshoye Yarovoye; 11 — Maloye Yarovoye; 12 — Kulundinskoye;

and 13 — Kuchukskoye
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To breed Artemia nauplii, cysts were incubated in conical vessels under artificial light (1000 lux),
at the temperature of +23...+25 °C, aeration, and in a saline solution (sea salt — 20 g~L_1,
NaHCO; — 2 g.L™") for 24 hours. Cultivation of Artemia adults was carried out in glass 2-L flasks
at +23...+25 °C, aeration, and salinity of 100 g-L™" (in salt solution: sea salt — 55 g-L.”!, NaCl — 15 g-L"",
MgSO,4 — 11.9 gL', NaHCO; — 10 gL', CaCl, — 4.5 gL}, and KCI - 3.6 g-L™}). Artemia adults
were fed with rice flour and Scenedesmus sp. suspension. Nauplii stocking density was of 100 ind.-L™;
as Artemia grew, the density was reduced to 10-20 ind.-L7L.

Artemia adults, that reached maturity, were fixed with Lugol’s iodine and measured under an MBS-10
stereoscopic microscope with ocular micrometer. Out of each population, 10-30 Artemia adults
were measured. In total, nine indicators were analyzed: eight plastic (body length, tl; abdomen length,
al; abdomen width, aw; distance between eyes, de; eye diameter, ed; furka length, fl; length of the first
antenna, la; and head width, hw) and one meristic (number of setae on furka, sf).

Statistical data processing was carried out by generally accepted methods (Lakin, 1990). Intrapop-
ulation variability (cyst samples from one lake in different years and different dates of the same year)
and interpopulation variability (cyst samples from different lakes) were analyzed by the main statistical
indicators of quantitative variability: arithmetic mean (M), minimum (min) and maximum (max) values,
arithmetic mean error (m), coefficient of variation (CV, %), standard deviation (SD), and sample size (n).
Correlation coefficient (r) was calculated between salinity of a mother water body (source of cysts)
and morphometric indicators of Artemia cysts and adults. The significance of the differences between
the samples was assessed by the Student’s z-test (z,) at a significance level of p < 0.05 and p < 0.001.
Cluster analysis was performed by Statistica 13.3 software.

RESULTS

1. Morphometry of cysts.

Diameter. In the samples studied, the absolute values of the cyst diameter were in the range
of 210-330 pm, the mean values for the samples — 243.5-282.9 um, and the mean values for pop-
ulations — 257.8-279.6 um (Table 1, Fig. 2). The largest cyst diameter was registered in the pop-
ulations of Maloye Yarovoye [(279.6 = 0.8) um], Kuchukskoye [(278.9 + 0.8) um], and Akto-
ban [(275.9 £ 7.0) um] lakes. The cysts in the populations of Nevidim and Ulzhay lakes were some-
what smaller: (273.3 £ 1.4) and (272.9 * 2.1) um, respectively. The smallest cysts were recorded
in the populations of Gashkovo [(257.8 * 4.5) ym] and Maloye Medvezhye [(258.4 + 2.0) um] lakes.
Cysts from Bolshoye Yarovoye, Ebeyty, Bolshoye Medvezhye, and Kulundinskoye lakes had similar val-
ues: (261.6 £9.0), (265.2 £2.1), (265.8 £ 1.8), and (267.8 = 0.8) um, respectively. Consequently, cysts
of the main commercial fishing lakes with an annual mean catch of 783 tons in total (Bolshoye Med-
vezhye — 102 tons, Ebeyty — 133, Bolshoye Yarovoye — 308, and Kulundinskoye — 240), accounting
for about 70 % of the total catch in Russia, had similar sizes: 262-268 um.

Analysis of the cyst diameter variability (Table 1) in an individual sample (n = 300) showed that
the standard deviation of the indicator was in the range of 8.8—17.0 (mean SD; = 12.6), and the coefficient
of variation was 3-6 % (mean CV; =4.7 %).

Analysis of the cyst diameter variability (see Table 1) in an individual population (n = 3...7)
showed that the standard deviation of the indicator was in the range of 3.5-15.7 (mean SD, = 7.3),
and the coefficient of variation was 1.3-6.0 % (mean CV, =2.7 %).
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Table 1. Estimates of the cyst diameter variability in individual samples and lake populations (im, unless
otherwise stated)

Lak Year Variability in samples Intrapopulation variability
ake
. Of CV], CVZ’
population M, min | max | SD; m; M, min | max | SD, m,
sampling % %
2015 |253.45 221 281 10.1 4 0.58
2017 |264.45 234 303 11.7 4 0.68
Gashkovo 2577716 247 266 9.0 35 518
2018 ]265.95 242 287 8.8 3 0.51
2019 |247.19 210 314 12.0 5 0.69
2009 [274.6 243 301 12.0 4 0.69
2011 [273.3 241 318 14.0 5 0.81
. 2012 |275.23 247 303 10.8 4 0.63
Nevidim 27327 266 276 3.5 1.3 1.55
2014 [266.39 234 298 10.6 4 0.61
2015 (1)*]275.55 250 309 12.7 5 0.73
2015 (2)*|274.53 250 312 12.4 5 0.71
2017 |282.87 235 326 17.0 6 0.98
Aktoban 27592 234 235 9.8 36 9.83
2019 [268.97 234 330 14.0 5 0.81
2008 [270.87 226 313 13.8 5 0.8
2011 [261.84 228 298 11.6 4 0.67
2009 [269.66 219 297 14.8 5 0.85
Ebeyty 2013 |256.64 223 289 13.1 5 0.76 |265.16 257 271 5.6 2.1 2.28
2015 [262.69 212 309 15.2 6 0.87
2017 (1)*|271.43 240 306 12.6 5 0.73
2017 (2)*]262.99 219 300 13.1 5 0.76
2008 [268.83 226 298 12.7 5 0.73
2009 |264.47 228 298 13.8 5 0.79
2010 (261.48 219 300 12.9 5 0.75
Bolshoye
2011 |263.63 226 294 12.5 5 0.72 26584 260 272 4.8 1.8 1.95
Medvezhye
2012 [259.60 216 326 13.9 5 0.8
2014 (272.01 237 302 12.4 5 0.71
2017 |270.88 219 295 12.0 4 0.69
2009 [257.10 221 291 129 5 0.75
2011 |252.57 216 292 13.2 5 0.76
Maloye 2013 |253.55 212 296 12.3 5 0.71
Y 258.43 253 265 49 1.9 219
Medvezhye 2014 |261.49 227 286 11.4 4 0.66
2015 (260.87 217 289 12.0 5 0.69
2017 [265.11 215 288 11.4 4 0.66
2009 [274.96 226 306 12.8 5 0.74
2012 |270.98 227 314 12.0 4 0.69
Ulzhay 2013 [267.39 236 295 9.6 4 0.55 (272.88 267 280 4.8 1.7 2.39
2015 |271.12 233 304 12.1 4 0.70
2018 [279.95 239 315 13.6 5 0.78

Continue on the next page...
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Lak Year Variability in samples Intrapopulation variability
ake
. Of CV] 1) CVQ’
population M, min | max | SD; m; M, min | max | SD, m,
sampling % %
2014 |269.48 215 302 13.7 5 0.79
Bolshoye
2017 |243.52 212 289 10.7 4 0.62 26155 244 272 157 6.0 11.0
Yarovoye
2018 |271.66 231 309 13.7 5 0.79
Maloye
2017 |279.55 240 309 13.0 5 0.75 |279.55
Yarovoye

Kuchukskoye | 2017 |278.89 236 314 135 5 0.78 |278.89

Kulundinskoye| 2018 |267.76 219 297 13.7 5 0.79 |267.76

In total:

mean 266.02 227.44 301.95 12.58 4.7 0.73 |268.82 2535 267.1 7.3 2.7 4.54
minimum 243.52 210 281 8.8 3.0 0.51 |257.76 234 235 35 13 1.55
maximum 282.87 250 330 17.0 6.0 0.98 |279.55 267 280 157 6.0 11.0

Note: * — samples were taken in the same year with an interval of one month.

® mean = min = max mean for a population
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Fig. 2. Diameter of Artemia cysts from 11 lakes of Western Siberia

Comparative analysis of the data on interpopulation variability of the Siberian populations studied
(n = 11) (M; within 258-280 um; M; + m; = 268.82 + 2.47; SD; = 7.8; CV; = 2.9 %) with the data
of intrapopulation variability, infer alia variability of individual samples, showed that the variability
in the indicators is ranked as follows: SD; > SD; > SD, and CV,; > CV; > CV,.

The results of our study show that the variability in the mean values of the cyst diameter between

populations is somewhat higher than in an individual population in different years and much lower than
in an individual sample.
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The analysis of the significance of the differences between all the samples (43 cyst samples) showed
as follows: 78 % of the compared pairs have differences at a significance level p < 0.001, and 86 %
of the compared pairs — at a significance level p < 0.05.

The analysis of the significance of intrapopulation differences showed that cysts from Nevidim Lake
differ the least of all (only the sample of 2014 stood out). In other populations, the ratio of significantly
different samples of different years was, at a high significance level, within 62—100 % (on average 75 %),
which is close to the comparison estimates for the entire dataset.

Cluster analysis of the data similarity by the cyst diameter (Fig. 3) showed that the same populations
in different years could be included in different clusters. There were no differences on the territorial basis
either. The populations of Altai lakes, the most distant from other ones, were present in all the clusters,
except for D. Cysts from Nevidim (2015) and Ebeyty (2017) lakes, sampled with an interval of one month
(see Table 1), got into different clusters on the dendrogram.

Dendogram for 43 size
Full connection method
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Fig. 3. Dendrogram of cluster analysis by the diameter of Artemia cysts of the populations studied

From the photographs (Fig. 4), a conclusion can be drawn about a morphological non-
uniformity of cysts in size, both in different Artemia populations and in the same population

in different years.
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-

Bolshoye Medvezhye, 2012, (259.60 + 0.80) um Bolshoye Medvezhye, 2014, (272.01 £ 0.71) um

Fig. 4. Photos of cysts of the populations, studied in different years, with the greatest size variability
(oTpe3ok is segment; mmHa is length, pm)
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Cyst spotting. Cysts with dark spots (Fig. 5) were rare in most populations; their ratio generally did not
exceed 5 % and reached 24 % in Kuchukskoye Lake only (Fig. 6). This indicator can probably be used
as one of the identifying for Artemia population of Kuchukskoye Lake.

Kuchukskoye, 2017, (278.89 + 0.78) um, Maloye Yarovoye, 2017, (279.55 + 0.75) pm,
24 % of cysts with spots 4 % of cysts with spots

Fig. 5. Cysts with spots on a shell
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Fig. 6. Ratio of cysts with spots in Arfemia populations, studied in different years

Embryo (decapsulated cyst) diameter. The absolute values of the embryo diameter were in the range
of 196-294 um (Table 2). The largest embryos were registered in the populations of Ulzhay (253 um)
and Nevidim (249 um) lakes; medium-sized ones were recorded in Ebeyty, Bolshoye Medvezhye,
and Maloye Medvezhye (244-245 pum) lakes; and the smallest ones were found in Lake Gashkovo
(240 pm).

The analysis of the embryo diameter variability in an individual sample (n = 100) showed that
the standard deviation of the indicator was in the range of 9.3-19.1 (mean SD; = 13.3), and the coefficient
of variation was 3.9-7.9 % (mean CV; = 5.4 %).
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Table 2. Limit and mean values of the decapsulated cyst (embryo) diameters in the populations studied
and their variability

Variability in the decapsulated cyst diameter (um)
Lake Years of sampling in the sample, intrapopulation, mean interpopulation, mean
absolute values values by years values for populations
2 2012, 201
Ulzhay 00296150 2(’)170 3 196-294 245.1-262.6 253.2
2008, 2009, 2011,
Ebeyty 2013, 2015 210-280 238.7-251.0 243.9
Bolshoye 2008, 2009, 2010,
Medvezhye 2011, 2012, 2014 210-294 240.8-246.1 243.7
Mal 2009, 2011, 2013,
Ma(;’ye N 2014, 2015 (1)*, 210-280 237.0-250.0 245.2
cdvezhye 2015 (2)*, 2017
o 2009, 2011, 2012,
Nevidim 2014, 2015 210-280 244.4-255.6 249.0
Gashkovo 2015, 2017, 2018 196-266 236.5-242.3 239.9

Note: * — see explanation to Table 1.

The analysis of intrapopulation variability in the embryo diameter in an individual popula-
tion (n = 3...7) showed that the standard deviation of the indicator was in the range of 2.3-6.3
(mean SD, = 4.4), and the coeflicient of variation was 0.9-2.5 % (mean CV, = 1.8 %).

The analysis of interpopulation variability in the embryo diameter of the populations studied (n = 6)
showed that SD; =4.7and CV; =1.9 %.

Comparative analysis of the above data showed that the variability in the indicators is ranked
as follows: SD; > SD; > SD, and CV; > CV; > CV,.

According to the results of the study, the variability in the embryo sizes in individual samples
1s maximum, and the interpopulation variability in the mean values exceeds the intrapopulation one.

Statistically significant differences were recorded for 87 % of the compared pairs of the mean
values for populations; differences were insignificant for the pairs Ebeyty — Bolshoye Medvezhye
and Ebeyty — Maloye Medvezhye only (at p < 0.05).

Thus, to identify the populations, it is possible to use the embryo diameters, the interpopulation vari-
ability in which, as in the case with the cyst diameter, exceeds the intrapopulation one. It should be borne
in mind that the main commercial fishing lakes (Ebeyty, Bolshoye Medvezhye, and Maloye Medvezhye)
are characterized by the presence of embryos of similar sizes.

Cyst chorion thickness. In Artemia populations studied, the absolute values of the cyst chorion thick-
ness ranged from 3.3 um (Ulzhay Lake, 2017) to 16.9 um (Ebeyty Lake, 2009). When comparing
the mean chorion thickness for all the populations studied, the thinnest chorion was found in the popula-
tions from Gashkovo and Ulzhay lakes [(6.56 £ 0.29) and (7.01 + 1.22) um, respectively], and the thick-
est chorion — in the cysts of Lake Ebeyty [(12.43 £ 1.13) um]. Cysts from Bolshoye Medvezhye,
Maloye Medvezhye, and Nevidim lakes had medium thickness values [(8.08 = 0.74), (8.54 £ 0.75),
and (9.56 + 1.38) um, respectively] (Fig. 7).
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Fig. 7. Chorion thickness of Artemia populations studied

The intrapopulation range of the chorion thickness variability, expressed through the ratio of the max-
imum and minimum values in the lakes in different years, was insignificant in the population
of Gashkovo Lake (1.2), average in the populations of Nevidim, Maloye Medvezhye, and Bolshoye
Medvezhye lakes (1.8-2.0), and significant in the populations of Ulzhay and Ebeyty lakes (2.9-3.0).

Significant differences in the chorion thickness were established for 33 % of pairs:
for Gashkovo — Maloye Medvezhye lakes and for Ebeyty with all the lakes, except for Nevidim.

Thus, of the cysts studied, the most detached in terms of several indicators are the cysts of Gashkovo
Lake, as the smallest ones, with a thin chorion and small spotting, as well as the cysts of Kuchukskoye
Lake, with a pronounced spotting.

Effect of salinity. It is known that salinity strongly affects Artemia rearing and breeding in the natural
environment, and it was important to establish the degree of salinity effect of the mother water body brine
on morphometry of cyst. On Fig. 8, the graphs are given of the dependence of morphometric indicators
of cysts on salinity. Correlation analysis showed a weak negative correlation (r = —0.21) between salinity
and cyst diameter and a weak positive correlation (r = 0.25) between salinity and chorion thickness.

A statistically significant negative correlation (r = —0.5) was established between salinity and embryo
diameter at a significance level of p < 0.05.

2. Morphometry of Artemia adults.

Salinity of the environment is known to be the main morpho-forming factor for Artemia adults.
To eliminate its effect, we compared the indicators of Artemia adults, reared at the same salinity.
In Table 3 and Fig. 9, the data are given on the morphometry of Artemia adults of Siberian partheno-
genetic populations, reared at a salinity of 100 g-L™!. Correlation analysis of the morphometric indicators
and salinity of the mother water bodies showed as follows: body length of Artemia adults was in a sig-

nificant strong negative correlation with salinity; for abdomen width and distance between eyes, a mean
negative correlation with salinity was recorded.
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(source of cysts)

Table 3. Morphometric indicators of Arfemia adults of the populations studied
(mm, unless otherwise stated)
2u,
Lake, year tl al aw de ed sf, pcs fl la hw g~L‘1
. 946 | 538 | 0.53 137 | 024 | 731 030 | 091 0.64
Sorochie, 2009 | 4 09 | +0.07 | £0.01 | £0.02 | 001 | 028 | 002 | 002 | 001 | 213
. 928 | 524 | 054 136 | 024| 7.9 027| 09| 059
Sorochie, 2015 +0.12 | £0.07 | £0.01 | £0.02 | £001 | 051 | +0.01 | 002 | +001 | 263
Bolshoye 927 | 443 | 063 148 | 023 9.0 | 020 092 | 062]
Medvezhye, 2017 | £0.64 | £0.35 | £0.03 | +0.04 | £0.02 | £0.00 | £0.01 | £0.07 | £0.02
950 | 496 | 0.58 148 | 023 106 | 026| 08| 063
Ebeyty, 2017 +031 | £041 | £0.04 | £001 | £001 | +04 | +001 | £003 | +003 | 3
955 | 502 056 145 | 024 107 030 0091 0.64
Ulzhay, 2015 +026 | £0.14 | £0.03 | £0.03 | £0.01 | +045 | +0.01 | +0.02 | +0.03 | %
. 2012 1163 | 573 | 069 152|026 | 7.08| 024| 087 069
1verga, +0.17 | £0.13 | £0.02 | £0.02 | £0.01 | +0.4 | £0.03 | £0.03 | +0.01
. 2013 104 | 546 | 059 LAL| 025 | 533 025| 095| 057
1verga, +0.14 | £0.10 | £0.02 | £0.02 | £0.01 | £0.58 | £0.01 | £0.03 | +0.01
Correlation ~0.76% | 025 | —-0.62| 067 | -048 | 004 | 025| 040 | -0.22
with salinity, r

Note: * — statistically significant correlation. Abbreviations are explained in “Material and Methods” section.
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Fig. 9. Morphometric indicators of Artemia adults, reared from cysts of different populations

To assess the set of morphometric indicators, cluster analysis was carried out (Fig. 10). It showed
the presence of a separate cluster A, formed by the population of Siverga Lake (2012 and 2013, with
the lowest salinity of the natural water body: 74—-86 g-L™!), and cluster B, which in turn was divided
into subclusters B (Ulzhay Lake, 2015 and 2017, 125-135 g-L'l), B, (Sorochie Lake, 2009 and 2015,
213-263 g-L™!), and B; (Bolshoye Medvezhye, 2017, 168 g-L™).

Thus, Artemia adults, reared from cysts at the same salinity, carry information about the habitat
conditions, under which they were formed.

Dendogram for 7 changes
Single bond method
Euclidean distance

2.0
g 15|
c
B
R7
a
1.0
0.5
0.0 l
Siverga, 2013 Ulzhay, 2015 B. Medvezhye, 2017 Sorochie, 2009
Siverga, 2012 Ebeyty, 2017 Sorochie, 2015
Salinity: 74 86 125 135 168 263 213 gll

Fig. 10. Cluster analysis of morphometric data on Arfemia adults, reared from cysts of different
West Siberian populations
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DISCUSSION

According to several researchers (Vanhaecke & Sorgeloos, 1980), the size of cysts and embryos,
as well as chorion thickness, are the indicators, which determine the species and are basically unchanged
under new environmental conditions. Practice has shown that there are difficulties both in Artemia
species identification and in cyst population differentiation. As known (Amat, 1980 ; Asem et al.,
2007 ; Camargo et al., 2005 ; Eskandari & Saygi, 2019 ; Litvinenko et al., 2016 ; Pilla & Beardmore,
1994 ; etc.), Artemia tibetiana Abatzopoulos, Zhang & Sorgeloos, 1998 is morphologically isolated, with
the largest cyst size (up to 330 um). The smallest cysts (on average 220-250 um) are found in three
species: Artemia salina, Artemia persimilis Piccinelli & Prosdocimi, 1968, and Artemia franciscana
Kellog, 1906. The cysts of other species (A. urmiana and A. sinica) and parthenogenetic populations
are mostly in the range of 250-280 um. In the water bodies, studied by us, the cyst diameter varied
in the range of 210-330 um, with the mean value of 244-283 pm.

Considering Artemia bisexual species and parthenogenetic populations, living in Russia, there are dif-
ficulties in cyst differentiation by size due to the lack of clear divisions. According to literature
sources (Anufriieva, 2014 ; Klepikov, 2012 ; Litvinenko et al., 2018, 2009 ; Solovov & Studenikina,
1990 ; Starovoitova & Burmistrova, 2017 ; Litvinenko et al., 2016), the size range of the cyst diame-
ter absolute values fits into the gradation 220 to 290 pm, and mean for a population — 240 to 280 pm.
Larger sizes for A. parthenogenetica populations were recorded in Bolshoye Yashaltinskoye and Dzhama
water bodies (Kalmykiya): 225 to 370 um, on average (300 + 30) um (Ivanova et al., 2012). For bot-
tom sediments of Crimean water bodies (Anufriieva, 2014), two size groups of the cysts, belonging
to A. parthenogenetica, are given: 243 um for diploid races and 279 pum for polyploid ones. All this in-
dicates a genetic non-uniformity of parthenogenetic races. Analysis of the cyst diameter of 25 Artemia
parthenogenetic populations of Siberia (Litvinenko et al., 2018) showed as follows: more than 50 %
of the populations have close (on average 253-261 um) cyst sizes to that of the main commercial fishing
lakes and cannot be identified by this indicator (the differences are insignificant); 33 % of populations
have smaller cysts (240-245 um); and 14 % have larger cysts (265-278 pum). As shown in our study,
in the main commercial fishing lakes (Bolshoye Medvezhye, Ebeyty, Bolshoye Yarovoye, and Kulundin-
skoye), which account for about 70 % of the total catch of Artemia cysts in Russia, cysts have similar
mean population sizes: 262-268 pm.

Our study has revealed significant intrapopulation variability of cysts in different years. When com-
pared to previously published data, the difference turned out to be even greater than in our study.
Thus, according to (Starovoitova & Burmistrova, 2017), in Kulundinskoye Lake over the period
1998-2005, the mean annual cyst diameter was in the range of 233-245 um, in Bolshoye Yarovoye Lake
in 1997-2012 — 235-249 pm, and in Maloye Yarovoye Lake in 1998-2016 — 226-256 um, that
is on average 1.1 times (in some years, even 1.2 times) lower than recorded by us. Such a difference
might be related not only to the variability in the cyst size in the same population in different years,
but also to the choice of measurement technique. In our research, a more accurate microscopic tech-
nique was used, and a large sample (300 pcs) was studied. All this illustrates the difficulty of using
the cyst diameter as an identifying indicator.

Identity of cysts of Nevidim Lake, sampled with an interval of one month in 2015, and a significant
difference in the sizes of cyst of Ebeyty Lake, sampled in 2017, also raise doubts about the possibility
of identifying populations, even when having a cyst bank for each water body during all the periods
of commercial fishing.
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Cyst spotting, not exceeding 5 % in almost all the samples, reached 24 % in cysts of Kuchuk-
skoye Lake. This fact may be of great importance in identifying a population. This is also evidenced
by the data on structural differences in the surface of cysts of Kuchukskoye Lake, revealed by scanning
electron microscopy (Egorkina et al., 2008).

As known (Vanhaecke & Sorgeloos, 1980), the chorion thickness does not always depend on the cyst
diameter: there are populations with a small diameter and a thick chorion. Basically, the chorion
thickness is in the range of 4.7-11.2 ym (Vanhaecke & Sorgeloos, 1980), but there are popula-
tions with a smaller and greater mean thickness: 1.31-9.37 ym — in Urmia Lake (Asem et al.,
2007); 3.1-13.2 um — in lakes of Columbia (Camargo et al., 2005); 0.6—8.6 um — in water bodies
of Turkey (Eskandari & Saygi, 2019). The absolute (3.3—-16.9 um) and mean (6.56—12.43 wm) values,
obtained by us, expand the range of known values of the chorion thickness upward, which is likely
to be due to more severe living conditions of Siberian populations. Comparison of our data with those
published earlier (Litvinenko et al., 2000) has shown that the thickness of the cyst shell in several
lakes can vary significantly. Thus, the intrapopulation variability in the chorion thickness in Ebeyty
Lake had a range of fluctuations from 3.9 um in 2007 (Litvinenko et al., 2009) to 12.4 um in 2009;
in Ulzhay Lake — from 11.4 um in 1999 (Litvinenko et al., 2000) to 3.3 wm in 2017. In other pop-
ulations, fluctuations were not so significant: in Bolshoye Medvezhye and Maloye Medvezhye lakes
in 1999 — 9.3 um, in 2007 — 7.6 um, and in 2008-2015 — in the range of 5.1-10.3 um (on average
8.3 um); in Nevidim Lake in 1999 — 11.6 um, in 2007 — 8.6 um, and in 2009-2015 — 7.0-13.5 pym
(on average 9.6 um). The data obtained show a weak fixation of this morphometric indicator for the pop-
ulation, probably resulting from the effect of a set of natural factors, inter alia salinity, on a shell thickness.
Thus, for Artemia populations of lakes of North Kazakhstan Region, where the mean chorion thickness
ranged 4.0 to 8.4 um, with a cyst diameter of 279-307 um, it was established as follows: with an in-
crease in salinity, the chorion thickness decreases (Volf, 2010). In our study, a weak positive correlation
between these indicators was revealed.

Morphometric polymorphism of Artemia adults under the effect of environmental factors, primar-
ily salinity, was noted at the turn of the XIX-XX centuries (Gajewskaya, 1916 ; Schmankewitsch,
1875). As shown in numerous studies (Boiko et al., 2016 ; Voronov, 1979 ; Ronzhina, 2009 ; Solovov
& Studenikina, 1990 ; Boyko et al., 2012 ; Litvinenko & Boiko, 2008 ; Litvinenko et al., 2016 ; etc.),
the sizes of mature Artemia adults differ within the same species and, to a large extent, depend on salinity
of natural water bodies. An analysis of the morphometry of Artemia adults from different water bodies
of Asia, Europe, Africa, and America, reared under laboratory conditions at the same salinity (Litvinenko
& Boiko, 2008), has shown as follows: the formation of the phenotype of bisexual and parthenogenetic
populations depends on the genotype as well, as evidenced by the established differentiation between
American and all other populations of the Old World. In our experiments with Artemia adults, reared
at the same salinity, a clear division into clusters by populations could be explained by the influence both
of the genotype and salinity of a mother water body, in which the cysts were formed.

The dendrogram of similarity (Fig. 11), based on literature data on the morphometry of Artemia
adults of the first generation (Razova, 2019), showed as follows: the American population allocated into
a separate cluster, and the B; subcluster (Bolshoye Medvezhye Lake, 2017) (see Fig. 10) was joined
by the populations of Bolshoye Yarovoye (2016) and Bolshoye Medvezhye (2016) lakes with a similar
salinity of natural brine of 150-160 g-L™!. Since the sizes of Artemia adults of subsequent generations
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tended to decrease (Razova, 2019), it can be assumed that Artemia phenotype, which carries information
about the environment, in which cysts were formed, is manifested in the first generation and partially
in the second.
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Fig. 11. Dendrogram of morphometric indicators of reared Artemia adults (% — referenced literature data)

Conclusions:

1. Artemia cysts of Siberian populations are characterized by significant intra- and interpopulation
variability in the diameter of the cysts and embryos and the chorion thickness.

2. Morphometric indicators of cysts, sampled from a water body at different dates of the same year,
demonstrate seasonal variability.

3. In the main commercial fishing lakes, which account for about 70 % of the total catch of Artemia
cysts in Russia, cysts have similar mean population sizes (262-268 um).

4. Negative significant medium-strength correlation is established between salinity of a mother water
body and the embryo diameter.

5. Significant interannual variability in the indicators of Artemia cysts in the same population shows that
morphological characteristics of cysts cannot serve as reliable indicators, identifying a population.

6. Cyst spotting, possibly resulting from sample preparation, may further be used in differentiation
of several Artemia populations.

7. Morphometric parameters of Arfemia adults of the first generation, reared from cysts at the same
salinity, carry information about salinity of a mother water body, which should be taken into account
when identifying a population.
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BHYTPHU- 1 MEZKITIONIVJIAIIMOHHA A NBMEHYNBOCTD
IICT ¥ B3POCJIBIX CTAIU APTEMUU (BRANCHIOPODA: ANOSTRACA)
B CUBUPCKUX NIONVJIAINAX (MOP®POMETPUA)

JI. 1. JIntBunenxo'?, K. B. Kynanos!,
JI. ®. Pazosal, A. III. Taguaayainnal,
A.T.Tepacumos!, E. B. Bpaxuukos!

' Tiomenckuit puman PIBHY «Bcepoccuiickuii HaydHO-HCCIeI0BaTeNLCKMIA HHCTUTYT PHIOHOTO X034HCTBa
u okeaHorpadum» («I'ocpbiOIieHTp»), Tiomenb, Poccuiickas Peneparust
T'ocynapcTBeHHbI arpapHblii yauBepenteT CesepHoro 3aypanbs, TiomMeHs, Poccuiickas ®exepamys
E-mail: opb@gosrc.ru

Pasmepnl LUCT apTeMuu SIBJSIOTCS BaKHBIM MOKAa3aTeleM LEHHOCTH MX Kak KOPMOBOIO pecypca
U B HEKOTOPOH CTENEeHH MO3BOJISIOT WASHTU(UIIMPOBATh MOMYJIAuU. B cTaThe mpoaHaIu3upoBaHbI
MoKa3aTe I MUCT apTeMUr MapTEeHOTeHeTUIECKUX TOMYJIAIUi (quaMeTp, TOJIIWHA XOPUOHA, HAJH-
Juie MITeH Ha 000JI0UKe), OTOOPAHHBIX B THITEPraIMHHBIX 03€pax 3anaaHoii CuObupy B pa3HbIe TOIH,
1 MOp(pOMETpIYECKIEe TOKA3aTeNN PAYKOB, BRIPAIIEHHBIX U3 IIMCT TIPY OJMHAKOBOM COJIEHOCTU. YCTa-
HOBJICHA 3HAYUTEJIbHASL BHYTPU- U MEXKIIOMYJISILIMOHHAS U3MEHYMBOCTh PACCMOTPEHHBIX ITOKa3aTese.
AOCOJIOTHBIE 3HAYEHUS raMeTpa IUCT Haxoauiuch B npenenax 210-330 MkM, cpefHue 3HAYESHUS
o npodam — 243,5-282.9 MKM, cpefHre 1O oy sausam — 257,8—-279,6 Mkm; aOCOTIOTHBIE 3HAYE-
HUS AMaMeTpa JeKarcCyIMpOBaHHBIX LIMCT — B npenenax 196-294 Mxwm, cpeHue 3HaYeHus 10 Mpo-
O6am — 236,5-262,6 MKM, cpeHue 10 momysanusam — 239,9-253,2 Mkm; aOCOJIIOTHbIE 3HAUYCHHSI
TOJIIMHBI XOpUOHA UCT — 3,3—-16,9 MKM, cpeqHMe 3HAYEHUS IO MOmyIamsaM — 6,6—12,4 MKwm.
B 0CHOBHBIX IPOMBICJIOBBIX 03€paXx, Ha KOTOpPbIE NIPUXOAUTCS OKOJIO 70 % OT BCEro BbIOBA LIUCT ap-
Temun B Poccru, MCTH Menu OJIM3KUe CpeqHENONy ISIIMOHHbIe pa3Mephl (262-268 mkMm). [laHo 3a-
KJIIOYeHHe 00 OTCYTCTBUU BHYTPUIIOMNYJISAIIMOHHON 3aKPETUIEHHOCTU TaKUX MPU3HAKOB, KaK JUaMETpP
LUCT ¥ TOJIIMHA XOPHUOHA, TO €CTh OHU HE MOTYT CIIYKUTb HAIEKHBIMU MOKA3ATESIMU, UACHTU(DUIIN-
PYIOIIMMU CUOMPCKUE TIOMYJIALUK. YCTAHOBJIEHA CTATUCTUYECKH 3HaUUMast CBs3b (r = —0,5) Mexay
COJIEHOCTBIO MATEePHHCKOTO BOIOEMA U JUAMETPOM SMOPHOHOB apTeMuH. [IATHUCTOCTh IIUCT, HE TIpe-
BBIIIAOIIAs 5 % MOYTH BO BCeX UX Ipodax, y muct o3epa Kydykckoe cocraBuia 24 %. AHanus Mop-
(pomeTpHuuecKuX MOKa3aTesNell paukoB, BBIPAILIEHHBIX U3 LIUCT, MIOKA3aJl, YTO CPEIHSS AJMHA PAYKOB
(9,27-11,63 mm), mupuHa adnomena (0,53-0,69 Mmm) u paccrosiHue Mexay rasamu (1,36—1,52 mm)
TECHO KOPPEJIHPOBAIM C COJIEHOCTHI0O MATEPUHCKOTO BoAoéMa (3HaueHus r coctaBuwd —0,76; —0,62;
—0,67 cootBeTcTBEHHO). KitactepHblii aHaJIN3 COBOKYITHOCTH MOP(HOMETPUUYECKUX IPU3HAKOB PAYKOB
yKa3blBaeT Ha 0ObEeJMHEHUE TIOMYJISAIMI MO PU3HAKY COJIEHOCTH.

KiroueBrle cioBa: Artemia parthenogenetica, JuaMeTp IMCT, MOP(POMETPUSA PayKoOB, TOJIIMHA
XOPUOHA, COJIEHOCTb, MOMYJIAIMOHHASI U3BMEHUYMBOCTD, 3amnaHass Cubupb
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