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Abstract

:

The construction and use of navigation and irrigation canals are among the common human alterations in landscapes and ecosystems. The North Crimean Canal (NCC) is the longest in Europe; its main branch is 403 km, and the total of all its branches exceeds 10,000 km. It is a main driver of the significant environmental changes in an all-arid part of Crimea. No zooplankton studies in the canal have been carried out up to this time at all. In 2022, zooplankton was studied in different sites from May to October. Total zooplankton abundance fluctuated between 170 and 19,560 ind. m−3, and wet biomass between 0.75 and 1057 mg m−3. In total, 11 Rotifera species, 11 Cladocera species, and 15 Copepoda species, including 2 Harpacticoida, 5 Calanoida, and 8 Cyclopoida, were found in plankton. The most common Rotifera species were Brachionus calyciflorus, Euchlanis dilatate, and Keratella cochlearis. Among Cladocera, Chydorus sphaericus, Bosmina longirostris, and Coronatella rectangular have the highest frequency of occurrence. In Copepoda, these were Acanthocyclops vernalis, Eurytemora affinis, and Nitocra typica. Among the 37 species found in NCC, 10 were not previously noted in the water bodies of Crimea. Among rotifers, they were Ploesoma hudsoni, Polyarthra dolichoptera, Pompholyx complanata, Synchaeta grandis, and Synchaeta stylata. Bosminopsis zernowi, Rhynchotalona rostrata, and Scapholeberis mucronata were not noted before among Cladocera. Eurytemora lacustris and Cyclops smirnovi were first found in Crimea among Copepoda. New technogenic aquatic ecosystems such as NCC are the “gateway” for the invasion of alien species into the new regions.
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1. Introduction


The first technogenic and natural-technogenic water bodies on the planet probably began to appear no later than about 8000–9000 years ago, as irrigation systems. According to archaeological evidence, the irrigation canals in the areas with a lack of rainfall to support crops were about 6000 BCE in Mesopotamia [1,2,3]. The Indus Valley Civilization constructed irrigation canals and water-storage systems as artificial reservoirs at Girnar during 3000 BCE [4,5]. The Egyptian pharaoh Amenemhet IV (about 1800 BCE) built a canal to the natural lake in the Faiyum Oasis (now Lake Qarun) from the Nile to store water for use during dry seasons [6,7]. Currently, this canal works and expands [8]. In the Andes Mountain valley (Peru), remains of irrigation canals were found with radiocarbon-dated from the fourth millennium BCE, and some traces under one canal may be dating from the fifth millennium BCE [9]. Since that time, the demand for irrigated land has increased rapidly, as well as the total length of irrigation canals [10]. Currently, worldwide irrigation water withdrawals were estimated at 2881 km3 year−1 [11].



Navigable canals (artificial waterways) connect rivers, lakes, and seas, and are designed, as a rule, for all kinds of water transport from small boats to huge bulk carriers. Early canals were connected with natural rivers, and one of the first such canals was the Grand Canal of China, which was constructed starting in the fifth century BCE during the Sui Dynasty [3,12]. For thousands of years, humans constructed more and more artificial waterways, and currently, there are more than 63,000 km of navigation canals worldwide [13].



Currently, the construction and use of navigation and irrigation canals are among the common human alterations in landscapes and ecosystems [14,15,16]. To date, a huge amount of evidence has accumulated that, solving social and economic problems, the construction of any canals changes the structure of landscape connectivity and has multiple, mostly negative, impacts on the environment [13,17,18,19]. Every built irrigation canal can lead to changes in hydrology, pollution, soil degradation, biological and ecological alterations, human health, and social–economic values [20,21,22]. All effects are more pronounced in arid and semi-arid areas with irrigation canal systems [21,23,24]. In these cases, the environmental impact can derive due to the water supply as well as the operation of irrigation practices influencing the environment in a variety of ways [13,17,19]. Irrigation generates a large volume of drainage water, usually discharging from agricultural fields into some depressions creating artificial lakes, and also leading to significant landscape alterations [8]. Nutrient discharge is a major issue associated with irrigated agricultural lands around the world, including with the Salton Sea [25,26]. The Salton Sea (USA) is the largest such natural-technogenic lake (area 930–1000 km2) in the world [27]. In Egypt, the Canal Bahr Yousef was constructed in early Pharaonic times to transport fresh water from the Nile to the desert areas [28]. Its branches provide water for agricultural use in the Fayoum oasis. Drainage waters from irrigated lands are discharged, gradually forming several artificial lakes [8]. These man-made lakes significantly change the system of landscape connections in total but are valuable for biodiversity conservation creating new habitats for many species with a high increase in local biodiversity, especially of birds [8].



Every canal system is recognized worldwide as a corridor for invasive species distribution [29,30,31,32,33]. As an example, 443 multicellular alien species were introduced into the Mediterranean Sea through the Suez Canal in total [34]. Constructed canals, and shipping through them, contributed to the introduction of most nonindigenous species in the lake systems such as the Laurentian Great Lakes and the Caspian Sea [35]. By increasing the likelihood of non-native species entering the region, channels also gain a foothold in the region by creating new habitats as an additional opportunity. Therefore, in arid areas, due to the appearance of new types of habitats (wetlands), canal construction can increase species richness—not only aquatic but also birds and mammals [8,36].



Irrigated agricultural lands provide about 40% of the total food produced worldwide [11,37], and therefore, the growth of irrigated lands and canals providing water to them will continue in arid and semi-arid zones, as well as their impact on the environment. Aquatic ecosystems of irrigation canal systems are complicated playing an important role in landscapes and support of total local biodiversity [32,38,39]. They also provide a lot of social and economic services not only for agriculture development [13,40]. All these must be taken into account when developing strategies and plans for a multipurpose irrigation canal system use. Integrated management of the canals involves multiple goals across many agencies and stakeholders, often with different or conflicting objectives [13]. Development of such strategies and plans must be based on adequate scientific background which also contains knowledge of the peculiarities of unique technogenic ecosystems of the canals. Unfortunately, at present, there is a shortage of such knowledge that does not allow making generalizations about these ecosystems, their structure, functioning, and dynamics. There are only scattered ecological and biological data on a small number of irrigation channels [35,39,41,42,43]. Zooplankton plays a key role in different aquatic ecosystems, but few articles were devoted to its study in canals [44,45,46,47,48,49,50]. Therefore, for a better understanding of the characteristics of technogenic ecosystems of irrigation canals, it is necessary to accumulate and comprehend new data for various specific water bodies.



The North Crimean Canal (NCC) is the longest in Europe (Figure 1); the length of its main branch is 403 km, the total of all its branches exceeds 10,000 km, and its construction (1963–1976) has become a main driver of significant environmental changes in an all arid parts of Crimea [51,52,53,54,55].



Despite the huge size of the NCC and its significant impact on the environment, no systematic studies of the canal ecosystem have been carried out up to this time, although separate scattered studies have been done. Studies of zoobenthos [56,57] and fish [36] were occasionally carried out. There are no known studies of zooplankton from this canal system. The conducted studies showed a rather high species richness of fish in NCC 19 [36] and mollusks [54], among which most species are new to Crimea. The NCC construction led to the desalination of most hypersaline lakes and the Sivash Bay, and as a result, to the formation of giant beds of the common reed Phragmites australis (Cav.) Trin. ex Steud. [52,54], which made it possible for the muskrat Ondatra zibethicus (Linnaeus, 1766) and the common raccoon dog Nyctereutes procyonoides (Gray, 1834) to independently settle through NCC in Crimea, and moreover, spread widely in it [58].



For political reasons, in April 2014, the flow of water into the canal was blocked [52], and at the end of February 2022, it was renewed. During the period when the Dnieper water did not enter the canal for a considerable length, the canal dried up (Figure 2), in some sections of the canal, the water remained but its level decreased significantly (Figure 2).



In March 2022, the canal was filled with water (Figure 3); the study of zooplankton was started and continued until October of this year.



The objectives of the article are: 1. to give an overview of the first data on zooplankton of NCC, analyzing them; 2. to test the hypotheses that (a) the structure and seasonal dynamics of zooplankton are similar to those noted in the Dnieper reservoirs, and (b) in the canal, there are zooplankton species, which are new for Crimea.




2. Materials and Methods


2.1. Site Description


The North Crimean Canal (Figure 1, Figure 2 and Figure 3) was built in 1961–1971 to solve the problem of an acute shortage of fresh water in the Crimea (the largest peninsula in the Black Sea, area of 27,000 km2) and the development of irrigated agriculture [52,59]. The main water intake of NCC is located at the Kakhovka Reservoir on the Dnieper River, where water flows by gravity through the main lock for a distance of 208 km. Water runs for 402.6 km in the main canal branch in a generally southeasterly direction. At this distance, there are several water pumping stations, which in total raise water by more than 80 m. Between these stations, water flows by gravity. The width of the canal at its beginning is 150 m; the depth is 7 m. The average annual flow is 380 m3 s−1. The maximum technologically possible flow is up to 500 m3 s−1 (30% of the Dnieper’s flow in its lower reaches, equal to 1670 m3 s−1). The construction of the first stage of the NCC began in 1961; water reached the town of Krasnoperekopsk in 1963, and in 1971, it came to the Kerch Peninsula. Independent main canals of irrigation systems branch off from the main channel of NCC, and 7 reservoirs were also built in Crimea. Before 2014, Crimea satisfied about 85% of its water needs precisely at the expense of NCC, which is the longest irrigation system in Europe. The length of NCC from Novaya Kakhovka to Kerch is 405 km, and the total length of the main canal and all its branches exceeds 10,000 km. In 1986, the area of land irrigated with water from NCC was 3000 km2 and the area of land provided by water was 6000 km2. In the canal—almost all the time—there were high concentrations of phytoplankton (Figure 4), with episodic outbreaks of cyanobacterial blooms.



The NCC activity resulted in the formation and widening of beds of Ph. Australis, which provided a new attraction for Crimea bird species [52,53]. In the canal, good conditions for macrophytes formed, and they began to develop intensively, reaching a length of more than 4–5 m and creating dense thickets (Figure 4). Among the most widespread and abundant aquatic plants, three or four species of Potamogeton, as well as Myriophyllum, Elodea, and others were noted. Part of the plants break off and drifts in the flow of water downstream. This poses a threat to pumping stations, so there are devices in front of them that catch drifting plants and throw them ashore, several tons per day in summer (Figure 5). Various animals are removed together with the plants, including the swimming with them of, for example, mollusks Anodonta, Dreissena, Lymnaea, Unio (Figure 5).




2.2. Sampling and Processing


The collection of zooplankton in the main branch of the canal was carried out at several places from March to October. The distribution of sampling points and dates of sampling are presented (Figure 1 and Table 1). Every time near shores, the water samples of 100–150 L were taken from upper 0.5–0.7 m by filtering through a Judy plankton net (55-µm diameter mesh size), with two duplications. Zooplankton samples were fixed with 4% formalin. In parallel, measurements of salinity, temperature, pH, and Eh (redox potential) were carried out by Kellong WZ212 and an electronic thermometer PHH-830, respectively. Using a Bogorov chamber, samples were analyzed under a stereomicroscope Olympus SZ61TR (Olympus, Tokyo, Japan). Identification of species was carried out under a light microscope Olympus BX53F using different keys [60,61,62,63,64,65]. The size of the animals was determined using an eyepiece micrometer, and their mass was calculated using the corresponding formulas “wet mass – size” [66]. Biomass was calculated as the sum of individuals, taking into account their individual mass.




2.3. Data Processing


Data processing was conducted by standard statistical methods [67]. The standard deviation (SD), coefficients of variability (CV), correlation (R), and determination (R2), as well as the parameters of regression equations, were calculated in MS Excel. The confidence level of correlation coefficients (p) was evaluated by comparing them with critical values [68].



There is a strong relation between the found species richness and the number of analyzed samples [69,70,71]. Power or logarithmic functions are most used to approximate such a relationship between sampling effort (the number of samples) and the observed species richness. To generate a variety of ordering among available samples for calculation of “the number of species found − sample analyzed” curves, random permutations of data were done online (http://www.ebcalculator.co.uk/statistics/rpermute3.htm (accessed on 20 May 2023) Average values of expected species richness were calculated from all made permutations.





3. Results


In total, 11 Rotifera species, 11 Cladocera species, and 15 Copepoda species, including 2 Harpacticoida, 5 Calanoida, and 8 Cyclopoida, were found in plankton (Table 2).



Ostracoda and Gammaridae (juveniles) were found once in March, and veligers of Dreissena (Mollusca) were found once in April. In one sample, there were a maximum of 4 species of Rotifera, 6 Cladocera, and 10 Copepoda; the maximum total species richness in 1 sample was 19 in April, and then it decreased, changing from 5 to 10 species per sample (Table 2). The maximum number of Rotifera species was recorded in March and June; Cladocera and Copepoda in April (Table 2). The most common Rotifera species were Brachionus calyciflorus, Euchlanis dilatate, and Keratella cochlearis (all 30% of total abundance). Among Cladocera, Chydorus sphaericus (70%), Bosmina longirostris (60%), and Coronatella rectangular (40%) have the highest frequency of occurrence. In Copepoda, these were Acanthocyclops vernalis (80%), Eurytemora affinis (50%), and Nitocra typica (50%).



The number of Rotifera species did not correlate with that of Cladocera and Copepoda. There was a significant positive relationship between the number of species in the sample of Cladocera and Copepoda (R = 0.688, p = 0.01):


Y = 0.95 + 0.45X,



(1)




where X is the number of Cladocera species, and Y is the number of Copepoda species.



The total abundance of zooplankton varied from 170 (May) to 91,470 ind. m−3 (April) (Table 3).



In mid-March, the total abundance of zooplankton was low with the dominance of Rotifera (79% of the total abundance). From mid-March to the end of April, there was a rapid increase in the total abundance of zooplankton, mainly due to Cladocera (55–80% of the total abundance). Abundance increased in May and was relatively high until October. In total, Rotifera dominated in 2 samples (March and June), Cladocera in 4 samples (April, May, and June), and Copepoda in 4 samples (May, June, August, and October) (Table 4). The largest abundance among Rotifera was noted in Brachionus angularis (1840 ind. m−3), among Cladocera in Chydorus sphaericus (72,000 ind. m−3), and Copepoda in Eurytemora lacustris (1920 ind. m−3) and Eucyclops serrulatus (2240 ind. m−3).




4. Discussion


It is obvious that the found species does not include all available species in the canal. The question arises: to what degree, then, was the species’ richness explored in the canal? Based upon data from this study, the species accumulation curves for Rotifera, Cladocera, and Copepoda were calculated for real ordering of sample taking. For Rotifera, such an equation is (R = 0.988, p = 0.001):


NR = 4.21 K0.484,



(2)




for Cladocera (R = 0.855, p = 0.005):


NCl = 2.08 K0.858,



(3)




for Copepoda (R = 0.862, p = 0.005):


NCo = 2.14 K0.861,



(4)




where NR, NCl, and NCo are the number of species for Rotifera, Cladocera, and Copepoda, respectively, and K is the number of analyzed samples.



These functions correspond to 1 of the many possible orderings of 10 samples. The expected species richness for 300 samples, averaging different orderings of the samples, were: for Rotifera—54 species (SD = 28.5), Cladocera—72 species (SD = 95.8), and Copepoda—85 species (SD = 83.6). Based on the hypothesis that the structure of zooplankton in the canal is similar to that in the reservoirs on the Dnieper River as in other such cases [72], we compared these values and the list of species (Table 2) with what is known about the reservoirs. To do a comparison, we used available zooplankton data from the reservoirs of the Dnieper [73,74,75,76,77,78,79,80,81] and small rivers flowing into it [82,83,84]. The comparison showed that the total species richness of Rotifera, Cladocera, and Copepoda in plankton is very close to the calculated expected values in the canal. For example, as a result of processing 162 samples of zooplankton from the Kakhovka Reservoir, 57 species of Rotifera, 47 species of Cladocera, and 43 species of Copepoda were identified [74]. The expected species richness was calculated by all our equations with a different ordering. The averaged expected species richness for 162 samples were: Rotifera—49 species (SD = 25.5), Cladocera—62 species (SD = 66.8), and Copepoda—64 species (SD = 63.4). No significant differences exist with observed values [74]. All species found in NCC, except Cyclops smirnovi, were previously found in the Dnieper reservoirs and/or in the rivers flowing into the Dnieper. As shown in the works cited above, there is very high spatiotemporal variability in the species structure of zooplankton in the Dnieper reservoirs. The same can be noted for the NCC, but there is still not enough data to discuss this.



The list of species found in the canal (Table 2) was compared with those previously noted in Crimea [85,86,87,88]. Among the 37 species found in NCC, 10 were not previously noted in the water bodies of Crimea. Among rotifers, these include 5 species of Ploesoma hudsoni, Polyarthra dolichoptera, Pompholyx complanata, Synchaeta grandis, and Synchaeta stylata. However, it should be noted that after the work [85], serious studies of this group in the inland waters of the peninsula were not carried out. Bosminopsis zernowi, Rhynchotalona rostrata, and Scapholeberis mucronata were not noted before among Cladocera. A good revision of Bosminopsis deitersi species group was recently made, and it is shown that a widely distributed cryptic species in the Old World is Bosminopsis zernowi Linko, 1901 [89]. At the same time, only one old occurrence of the species in Russia and Europe as a whole was indicated [89,90]. This does not correspond to the fact that earlier B. zernowi was found in the rivers of the upper reaches of the Dnieper [82], the Dnieper reservoirs (Yakovenko, own unpublished data), and now, the species has been found in the NCC. It can be fairly and confidently asserted that the species came to the peninsula because of the canal.



In the present study, Eurytemora lacustris and Cyclops smirnovi were first found in Crimea. E. lacustris showed the highest abundance among the copepods in NCC. Earlier, cladocerans Daphnia cucullate, Leptodora kindtii, copepods Mesocyclops leuckarti, Heterocope appendiculata and E. velox most likely entered Crimea through the canal and became widespread [85,86,87,88]. The estuarine calanoid copepod E. velox also invaded the man-made inland water bodies in Britain [91]. Cyclops smirnovi is a rare valid species [92], which until then was found as an abundant species only in a high mountain lake in Altai (Western Siberia) in the first half of the 20th century [61]. Most likely, it was brought to the new region by migratory birds; earlier, such a path was noted for several Asian cyclopoid copepods, which recently settled in Crimea [70].



It should be noted that, in Crimea, all introduced Asian species of cyclopoids were found in new or catastrophically changed water bodies [70]. In Lugansk (Donbas region) it was noted exactly the same [93]. Several authors, after analyzing numerous data, concluded that new technogenic aquatic ecosystems or significantly altered natural ones are the “gateway” for the invasion of alien species into the new regions [70,91,94,95,96]. NCC is an example of this. A deeper study of this landscape function is necessary for the organization of an integrated multi-purpose sustainable management of NCC.



The NCC has a significant impact on the entire natural environment of Crimea [36,52,53], and its socioeconomic significance is not limited to the value of irrigated agriculture. The canal is a popular place for fishing and recreation of residents, the huge biomass of harvested macrophytes (Figure 5) can be used profitably for the production of fertilizers and feed for farm animals. It is possible to rationally combine all its functions and services only with the transition to integrated sustainable management. This requires, among other things, a comprehensive study of the canal ecosystem, zooplankton being its important component. Only the first step has been taken in this direction.




5. Conclusions


In 2022, zooplankton was present in the canal during all observation periods. Its species composition, abundance and biomass varied widely. Total zooplankton abundance fluctuated between 170 and 19,560 ind. m−3, and wet biomass between 0.75 and 1057 mg m−3. In total, 11 Rotifera species, 11 Cladocera species, and 15 Copepoda species, including 2 Harpacticoida, 5 Calanoida, and 8 Cyclopoida, were found in plankton. Among the 37 species found in NCC, 10 were not previously noted in the water bodies of the Crimean Peninsula.
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Figure 1. The scheme of the North Crimean Canal and sampling sites (1–8), whose coordinates and other information are given in Table 1. 
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Figure 2. The North Crimean Canal in October 2014 (a,b)—the sites without water; (c,d)—the sites with the dropped water level. 
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Figure 3. The North Crimean Canal in 2022 (a,b)—the 1st sampling site, 15 March 2022; (c)—the 5th sampling site, 30 May 2022; (d)—the 6th sampling site, 21 June 2022. 
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[image: Water 15 02327 g003]







[image: Water 15 02327 g004 550] 





Figure 4. The North Crimean Canal (a)—high concentrations of phytoplankton; (b–d)—thickets of macrophytes. 
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Figure 5. The North Crimean Canal (a,b)—harvesting macrophytes in front of a pumping station; (c,d)—mollusks in harvesting macrophytes. 
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Table 1. Coordinates and general characteristics of sampling sites in the North Crimean Canal.






Table 1. Coordinates and general characteristics of sampling sites in the North Crimean Canal.





	
Station Number

	
Date

	
Coordinates

	
T, °C

	
S, g L−1

	
pH

	
Eh, mV






	
1

	
15 March 2022

	
46°07′12.617″ N,

33°41′25.697″ E

	
8.5

	
0.3

	
7.7

	
171




	
27 April 2022

	
46°07′12.617″ N,

33°41′25.697″ E

	
14.5

	
0.3

	
7.1

	
210




	
2

	
12 August 2022

	
45°57′26.003″ N,

33°49′18.280″ E

	
29.6

	
0.4

	
8.6

	
-




	
3

	
6 October 2022

	
45°48′32.020″ N,

33°48′35.522″ E

	
19.2

	
0.2

	
6.8

	
235




	
4

	
27 April 2022

	
45°42′38.801″ N,

34°26′21.799″ E

	
16.9

	
0.3

	
7.0

	
154




	
5

	
30 May 2022

	
45°22′58.501″ N,

35°56′46.498″ E

	
25.0

	
0.3

	
6.9

	
–




	
23 June 2022

	
45°22′58.501″ N,

35°56′46.498″ E

	
20.5

	
0.3

	
7.3

	
138




	
6

	
30 May 2022

	
45°22′58.489″ N,

35°56′46.497″ E

	
24.0

	
0.3

	
7.1

	
140




	
7

	
21 June 2022

	
45°17′13.399″ N,

34°56′46.497″ E

	
29.5

	
0.3

	
7.3

	
145




	
8

	
21 June 2022

	
45°17′13.399″ N,

34°56′46.495″ E

	
30.0

	
0.3

	
7.7

	
151








Note: T—temperature; S—salinity.
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Table 2. Species composition of zooplankton in the North Crimean Canal in 2022.
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Taxon

	
Frequency of Occurrence, %

	
The Period of Presence

	
Abundance, Ind. m−3




	
Min

	
Max






	
Rotifera

	
80

	
March–June

	

	




	
Brachionus angularis Gosse, 1851

	
20

	
June

	
60

	
1840




	
Brachionus calyciflorus Pallas, 1766

	
30

	
March, May

	
7

	
160




	
Euchlanis dilatata Ehrenberg, 1832

	
30

	
April, June

	
10

	
320




	
Filinia longiseta (Ehrenberg, 1834)

	
10

	
May

	
10

	
–




	
Keratella cochlearis (Gosse, 1851)

	
30

	
April, June

	
20

	
240




	
Keratella quadrata (Müller, 1786)

	
10

	
April

	
240

	
–




	
Ploesoma hudsoni (Imhof, 1891)

	
10

	
June

	
40

	
–




	
Polyarthra dolichoptera Idelson, 1925

	
20

	
April

	
160

	
240




	
Pompholyx complanata Gosse, 1851

	
20

	
March, June

	
84

	
560




	
Synchaeta grandis Zacharias, 1893

	
10

	
March

	
14

	
–




	
Synchaeta stylata Wierzejski, 1893

	
20

	
March, June

	
56

	
–




	
Arthropoda

	
100

	
March–October

	

	




	
Cladocera

	
80

	
March–October

	

	




	
Bosmina longirostris (O.F.Müller, 1776)

	
60

	
April–June

	
10

	
2440




	
Bosminopsis zernowi Linko, 1901

	
10

	
May

	
10

	
–




	
Ceriodaphnia pulchella Sars, 1862

	
10

	
April

	
120

	
–




	
Chydorus sphaericus (O.F.Müller, 1776)

	
70

	
March–June

	
20

	
72,000




	
Coronatella rectangula (Sars, 1862)

	
40

	
April, June

	
10

	
160




	
Daphnia cucullata Sars, 1862

	
10

	
April

	
240

	
–




	
Leptodora kindtii (Focke, 1844)

	
10

	
June

	
10

	
–




	
Moina macrocopa (Straus, 1820)

	
10

	
April

	
160

	
–




	
Rhynchotalona rostrata (Koch, 1841)

	
20

	
April, June

	
20

	
160




	
Scapholeberis mucronata (O.F.Müller, 1776)

	
30

	
April–June

	
10

	
240




	
Simocephalus vetulus (O.F.Müller, 1776)

	
10

	
April

	
680

	
–




	
Copepoda

	
100

	
March–October

	
Adults only




	
Calanoida

	
60

	
March–October

	

	




	
Eurytemora affinis (Poppe, 1880)

	
50

	
March, June, October

	
20

	
1280




	
Eurytemora lacustris (Poppe, 1887)

	
20

	
April

	
1760

	
1920




	
Eurytemora velox (Lilljeborg, 1853)

	
10

	
August

	
72

	
–




	
Heterocope appendiculata Sars G.O., 1863

	
10

	
April

	
320

	
–




	
Heterocope caspia Sars G.O., 1897

	
10

	
April

	
240

	
–




	
Cyclopoida

	
90

	
April–June, October

	

	




	
Acanthocyclops vernalis (Fischer, 1853)

	
80

	
April–October

	
10

	
840




	
Cyclops furcifer Claus, 1857

	
10

	
April

	
60

	
–




	
Cyclops strenuus Sars G.O., 1903

	
10

	
April

	
120

	
–




	
Cyclops smirnovi Rylov, 1948

	
10

	
April

	
60

	
–




	
Diacycops bisetosus (Rehberg, 1880)

	
10

	
April

	
120

	
–




	
Eucyclops serrulatus (Fischer, 1851)

	
30

	
April, June

	
10

	
2240




	
Mesocyclops leuckarti (Claus, 1857)

	
20

	
August, October

	
36

	
64




	
Thermocyclops oithonoides (Sars G.O., 1863)

	
10

	
April

	
240

	
–




	
Harpacticoida

	
60

	
March–August

	

	




	
Halectinosoma abrau (Krichagin, 1877)

	
10

	
August

	
2488

	
–




	
Nitocra typica Boeck, 1865

	
50

	
April, May, June

	
10

	
160




	
Nitocra sp.

	
10

	
March

	
14

	
–




	
Ostracoda

	
10

	
March

	
7

	
–




	
Gammaridae (juvenils)

	
10

	
March

	
42

	
–




	
Mollusca

	
10

	
April

	

	




	
Dreissena (veligers)

	
10

	
April

	
320

	
–
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Table 3. General characteristics of zooplankton in the North Crimean Canal during 2022.
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Station Number

	
Date

	
Rotifera

	
Cladocera

	
Copepoda

	
Total Zooplankton




	
Number of Species

	
N, Ind. m−3

	
B, mg m−3

	
Number of Species

	
N, Ind. m−3

	
B, mg m−3

	
Number of Species

	
N, Ind. m−3

	
B, mg m−3

	
Number of Species

	
N, Ind. m−3

	
B, mg m−3






	
1

	
15 March 2022

	
4

	
161

	
0.20

	
1

	
28

	
0.35

	
1

	
14

	
0.20

	
6

	
203

	
0.75




	

	
27 April 2022

	
3

	
640

	
1.44

	
6

	
10,600

	
184.45

	
6

	
8320

	
356.66

	
15

	
19,560

	
542.55




	
2

	
12 August 2022

	
0

	
0

	
0

	
1

	
36

	
1.93

	
4

	
3066

	
26.78

	
5

	
3102

	
28.71




	
3

	
6 October 2022

	
0

	
0

	
0

	
3

	
288

	
4.06

	
3

	
4288

	
56.19

	
6

	
3102

	
60.25




	
4

	
27 April 2022

	
3

	
720

	
0.36

	
6

	
72,990

	
686.13

	
10

	
17,760

	
370.42

	
19

	
91,470

	
1056.91




	
5

	
30 May 2022

	
1

	
20

	
0.05

	
2

	
220

	
1.39

	
2

	
60

	
1.37

	
5

	
300

	
2.81




	

	
23 June 2022

	
1

	
10

	
0.02

	
4

	
50

	
0.56

	
3

	
110

	
1.27

	
7

	
170

	
1.85




	
6

	
30 May 2022

	
2

	
30

	
0.06

	
4

	
70

	
0.45

	
2

	
80

	
1.54

	
8

	
180

	
2.05




	
7

	
21 June 2022

	
4

	
2960

	
2.26

	
4

	
1900

	
8.16

	
2

	
160

	
3.29

	
10

	
5020

	
13.71




	
8

	
21 June 2022

	
3

	
120

	
0.14

	
1

	
2440

	
7.61

	
2

	
170

	
2.19

	
6

	
2730

	
9.94








Note: N—abundance; B—biomass.
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Table 4. Contribution of Rotifera, Cladocera, and Copepoda to the total abundance of zooplankton.






Table 4. Contribution of Rotifera, Cladocera, and Copepoda to the total abundance of zooplankton.





	
Station Number

	
Date

	
Rotifera, %

	
Cladocera, %

	
Copepoda, %






	
1

	
15 March 2022

	
79

	
14

	
7




	
27 April 2022

	
3

	
54

	
43




	
2

	
12 August 2022

	
0

	
1

	
99




	
3

	
6 October 2022

	
0

	
6

	
94




	
4

	
27 April 2022

	
1

	
80

	
19




	
5

	
30 May 2022

	
7

	
73

	
20




	
23 June 2022

	
6

	
29

	
65




	
6

	
30 May 2022

	
17

	
39

	
44




	
7

	
21 June 2022

	
59

	
38

	
3




	
8

	
21 June 2022

	
4

	
89

	
6

















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png





nav.xhtml


  water-15-02327


  
    		
      water-15-02327
    


  




  





media/file2.png
- Crimea

30 km ‘ Black Sea






media/file5.jpg





media/file3.jpg





media/file1.jpg
‘<\G U,
Crimea % r@/
/7

D\~

Black Sea






media/file7.jpg





media/file10.png





media/file9.jpg





media/file0.png





media/file8.png





media/file6.png





