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Abstract

:

The energy balance approach helps to understand the limits within which the ‘predator–prey’ relationship can form, but cannot explain the formation of trophic links in natural multispecies systems. A time balance approach to the study of feeding has been developed to complement it. In the hypersaline Lake Moynaki (Crimea) which has a simple food web, there is one omnivorous species, Gammarus aequicauda, and two abundant prey, planktonic Moina salina and benthic Baeotendipes noctivagus. The size of M. salina ranges from 1.0 to 1.2 mm, and the size of B. noctivagus larvae from 9.0 to 10.0 mm. In experiments, elements of time balance were evaluated during feeding of G. aequicauda in the presence of both prey species, i.e., the duration of time spent searching before capture, handling prey, and resting between attempts to eat a chironomid larva. In all experiments, G. aequicauda consumed both kinds of prey. The maximum predation rate of G. aequicauda on the smaller sized M. salina was limited by searching and handling time, but on the larger B. noctivagus it was limited by digestion time. Feeding solely on chironomid larvae may well satisfy the energy needs of G. aequicauda. However, the food ration of G. aequicauda may be 50% higher if it feeds in the presence of both prey species than if feeding only on chironomid larvae. The presence of chironomid larvae more than halved the consumption of M. salina, compared to when cladocerans were the only prey.
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1. Introduction


Trophic relationships are an important factor determining the functioning of ecosystems [1,2,3]. Ivlev (1955) clearly established complexity of the interactions affecting prey selectivity and diet size [4]. Even though several diverse studies have been devoted to the formation and dynamics of trophic relationships in aquatic ecosystems [5,6,7,8], their main patterns are not completely understood. The energy-balance approach helps to describe the limits within which the ‘predator–prey’ relationship can form [5,9,10], but because averages are used, understanding of the mechanisms for the formation of trophic links in natural multispecies systems has remained poorly understood. To date, several works have shown that the use of several types of prey by a predator can stabilize the system of trophic relationships, while allowing the predator to receive a larger diet [11,12,13,14,15]. V.S. Ivlev pointed out that, to analyze feeding, it is important to take into account time as one of the resources that determine the size of the diet [8,16,17], as well as the ratio of energy spent on searching for and consuming prey by a predator with the energy obtained by consuming this prey [16]. At present, the importance of these factors is recognized and their roles are being studied experimentally [18,19,20,21,22].



Starting with the work of [8,16,17,23], a time balance approach to the study of feeding has been developed [18,20,22,24,25,26,27,28]. The essence of this approach is that it takes a certain amount of time to search, capture, eat and digest one prey, which can be described by a simple equation [22,29]:


C = W/T = W/(T1 + T2 + T3),



(1)




where C is the rate of energy intake of a prey item, W is the mass of one prey, T is the total time (T) spent on various stages of the search and consumption of prey, T1 is the average duration of the search for the prey before it is captured, and T2 is handling time spent on attacking, processing, and eating the prey, T3 is the time spent on digesting the prey.



Each component of the time balance depends on the characteristics of the predator and prey [8,19,30,31]. For example, if the prey is much smaller than the predator, the time spent on eating it will be very small, and this can often be neglected in such cases. If a predator’s gut can accommodate many items of prey, then the duration of digestion can be neglected in the equation. Predator consumption rate can be classified into two types [18,32]: handling-limited predation and digestion-limited predation. One predator, as in our case, can demonstrate the first type for smallsize prey, and the second type for large-size prey [21,29].



Ecosystems are typically characterized by the presence of a large number of species and the complexity of trophic relationships in them, which can be complex to investigate. Using the method of stable isotopes allows the establishment and quantification of the available trophic links [33,34,35,36], but not the mechanisms that cause their formation and existence. Hypersaline water bodies are characterized by low species diversity and the relative simplicity of trophic networks [6,37]. Therefore, to interpret the formation of trophic relationships in hypersaline water bodies, studies should be carried out on the inhabitants of these water bodies rather than in ecosystems with higher biodiversity.



In Lake Moynaki (Figure 1), one of many similar hypersaline lakes in Crimea, omnivorous Gammarus aequicauda (Martynov, 1931) is practically the only facultative predator in the lake; the main basis of its diet is two prey species, one of planktonic cladocerans Moina salina (Daday, 1888) and the other of benthic chironomid larvae Baeotendipes noctivagus (Kieffer, 1911) [21,29].



Our previous studies have shown that G. aequicauda consumes both planktonic and benthic animals, suppressing the development of the prey populations to varying degrees [21,22]. In previous studies, the feeding of G. aequicauda in the presence of only one species of prey (M. salina [21] or B. noctivagus [29]) was monitored separately, and the balance of time for each case was determined. However, in nature, a predator generally exists together with several types of prey. Consequently, additional data are needed to understand the natural patterns. Previous experiments on the feeding of G. aequicauda with two types of prey at once (brine shrimp and chironomid larvae) established that the order of eating different prey also affected the diet size [38].



The objectives of our study were to: 1. measure the difference in the time budget when G. aequicauda feeds in the presence of two prey species (M. salina and B noctivagus), which are significantly different in size and ecology, 2. compare the obtained characteristics with those when feeding on one type of prey, 3. test the hypotheses that (a) feeding on two types of prey at the same time, greatly differing in size, can significantly increase the total diet of the predator, (b) the presence of a larger prey reduces the pressure of the predator on a smaller prey species.




2. Materials and Methods


All animals for experiments were caught in the small hypersaline lake Moynaki (45°10′37″ N, 33°18′50″ E) (Figure 1), which is described in several articles [21,22,29,39]. The animal diversity is not great in the lake, with only 7–8 invertebrate species [39,40]. The cladocera M. salina and the amphipod G. aequicauda are the most abundant species in the lake plankton, while the larvae of the chironomid B. noctivagus dominate in the benthos. In the lake, abundance of these species ranged in summertime of 2018–2020, for G. aequicauda, from 300 to 65,000 ind./m3, for B. noctivagus, from 120 to 3700 ind./m2, and for M. salina, from 3500 to 420,000 ind./m3 [21,29,39,40].



All experiments were conducted during July–September 2021 in the laboratory. Up to 3–4 h passed between the capture of animals in the lake and their placement in experimental vessels. Prior to the start of the experiments, the G. aequicauda were kept in vessels without food for a day (24 h). The initial numbers of prey in the experiments were 50 M. salina and 1 B. noctivagus, combined with 1 G. aequicauda. The experiments were carried out in vessels with a diameter of 8 cm and a volume of 500 mL under aeration conditions with a compressor. The compressor was not connected immediately, but only after G. aequicauda started eating a chironomid larva, to reduce disturbance to G. aequicauda as much as possible. Half of the vessels were completely without sediments and half had a 0.8–1.0 cm layer of sediments (silty sand from the lake). For each experimental trial, there were 30 replicates, which were conducted in different days. The salinity in the vessels did not differ from that in the lake and ranged from 53 to 59 g/L, and the water temperature was between 23 and 26 °C in all experiments. The experiments started in the morning, from 7 am to 10 am, to provide the maximum natural light period for the experiments, which lasted not less 8 h. The size of M. salina ranged from 1 to 1.2 mm, and their wet mass was from 0.075 to 0.13 mg, averaging 0.1 mg; the size of a B. noctivagus larva was from 9 to 10 mm, and their average wet weight was 4.3 mg, and the size of G. aequicauda ranged from 9 to 10 mm, with a wet mass averaging 23.7 mg.



The duration of time spent searching until capture, to eat (handling time), and the rest between different attempts to eat larva were evaluated with a stopwatch [29]. The M. salina individuals remaining immediately after the capture of the B noctivagus chironomid by a G. aequicauda, but before it started eating the chironomid larva, were transferred with some water into another container, taking care to minimally disturb the G. aequicauda. This was simple, as M. salina were always concentrated on the surface or in the subsurface layer. It was observed that G. aequicauda were not distracted from eating the chironomid larva. M. salina were then counted in a Bogorov chamber [21,40] and carefully transferred back to the 0.5 L container, where the G. aequicauda was eating the chironomid larva. After the complete consumption of the chironomid larva, M. salina were again removed and counted. Subsequently, M. salina were also counted after 4 and 8 h.



Average values, as well as standard deviations (SD), coefficients of variation (CV), correlation (R), and determination (R2) coefficients, were calculated in the MS Excel 2007 program. Before the evaluation of the significance of average value differences by Student’s t-test, normality tests [41] were applied. For correlation coefficients, the confidence level (p) was determined [42].




3. Results


3.1. General Ethological Observations


There was spatial separation between the prey: M. salina was concentrated mainly near the surface, with a smaller portion in the middle layer whereas chironomid larvae were always in the near-bottom water layer. G. aequicauda used almost all the space in the vessel. Therefore, the strategy of G. aequicauda could be different, aimed at searching for and capturing chironomid larvae, i.e., being at the bottom most of the time, or searching for and consuming M. salina with an ascent to the upper layers of the water. Different individuals of G. aequicauda showed slightly different swimming behavior. Some of them moved mainly in the near-bottom layer of water, while others spent more time in the middle and upper layers. However, not a single individual of G. aequicauda spent all of its time at the bottom or in the upper water column. In the process of feeding, the first prey of G. aequicauda could be either a chironomid larva or M. salina.




3.2. Search and Capture of a Chironomid Larva


In the vessels without bottom sediments, the values of the time to the capture of the chironomid larva by G. aequicauda fell clearly into two clusters. In one group, the value varied from 0.2 to 5.0 min (average 1.9 min, CV = 0.77), and in the other, the this varied from 10.5 to 38 min (average 17.5 min, CV = 0.50) (Table A1). The ranges of change in these two clusters did not intersect, and differences were statistically significant (p = 0.01). Seventy-two percent of G. aequicauda were in the first group. In vessels with sediments, G. aequicauda were also divided into two groups according to the time before capture. Thirty-five percent of all subjects were in the fast group (average 1.2 min, CV = 1.05), and 65% were in the other group (average 12.5 min, CV = 0.37). Differences are statistically significant (p = 0.01). When chironomid larvae were in vessels with sediments, if they were not captured by G. aequicauda in the first 4–5 min, they managed to build a protective cover around themselves. Differences for both groups’ values in vessels with and without sediments did not statistically differ significantly, and nor did for average group values.




3.3. Eating a Chironomid Larva


Eating an entire larva (handling time) could be carried out either in one go or in several approaches with interruptions. Both in vessels with sediments and vessels without, about 48% of Gammarus ate a whole larva at one approach with a mean consumption time of 49 min in vessels without sediments and 59 min (CV = 0.14) in vessels with them (CV = 0.24) (Table A1). The differences were not statistically significant. Approximately 52% of G. aequicauda ate the larva in 1–6 visits (mean = 2) in all variants of the experiments (Table A1). The total duration of eating minus the time for breaks averaged 60 min in vessels with and without sediments (CV = 0.29). In the process of eating the larvae, G. aequicauda took breaks; the total duration of breaks in vessels without sediments averaged 63 min (CV = 0.66), i.e., significantly (p = 0.001) 70% more than in vessels without sediments (average 38 min, CV = 0.70).




3.4. Moina salina Consumption by Gammarus aequicauda


Before capturing a chironomid larva, G. aequicauda ate a number of M. salina in 52% of cases in vessels without sediments and in 76% of cases in vessels with sediments (Table A1), and the differences were statistically significant (p = 0.05). Before the capture of a larva, G. aequicauda ate on average 2.3 ind. of M. salina in vessels without sediments and 4.1 ind. in a vessel with them, but differences were not statistically significant. Thus, the rate of eating M. salina by G. aequicauda may be regarded as the same in both variants of the experiment, on average 0.4 ind./min (Table A1). G. aequicauda, which had eaten a chironomid larva in one run, began to consume M. salina at an average rate of 0.28 ind./min in vessels without sediments, and at a significantly (p = 0.05) lower speed of 0.11 ind./min in vessels with sediments (differences were significant, p = 0.05). G. aequicauda that took breaks in eating a chironomid larva consumed M. salina during these breaks. In vessels without sediments, during rest periods, G. aequicauda ate an average of 8.3 ind. of M. salina in total, and in vessels with sediments, 2.9 ind. of M. salina. The M. salina consumption rate was practically the same in both cases, at 0.13 ind./min. Thus, during the first 4 h of the experiment, an average of 23 ind. of M. salina were eaten in vessels with and without sediments (Table A1). Between hours four and eight of the experiment, G. aequicauda ate M. salina at a similar rate in both variants of the experiment, 0.06 and 0.05 ind./min, respectively, in vessels without sediments and with them. We note that the maximum consumption rate of M. salina by G. aequicauda decreased from morning (beginning of the experiment) to the end of the day (end of the experiment) from 0.4 to 0.05–0.06 ind./min (Table A1). Using the data for the period before the capture of chironomid larvae, we assessed the dependence of the rate of eating M. salina by G. aequicauda on the average concentration of M. salina contained in vessels with and without sediments; the relationship was significantly positive (R = 0.42, p = 0.05). However, as the coefficient of determination (0.17), showed, less than 20% of the variability in the rate of M. salina consumption by G. aequicauda can be explained by differences in the average concentration of M. salina.





4. Discussion


The data do not contradict the previously found results of G. aequicauda feeding on M. salina [21] and B. noctivagus larvae [29] separately. However, in the situation of two prey types at the same time, the quantitative characteristics of feeding behavior changed. For example, when the prey was only chironomid larvae, the time interval before the capture of the prey was shorter than in this study. In particular, in vessels without bottom sediments, it was less than a minute [29], while in the new experiments it was almost five minutes on average. This could be attributed to distribution of attention between the two prey types. The duration of consumption of the chironomid larvae by G. aequicauda in all cases of this study was similar to the previous study [29]. It should be noted that the duration of eating of a particular type of prey varied little, and was mainly determined by the capabilities of the predator and the characteristics of the prey [18,19,20,21,22,27]. In general, the authors conclude that the presence of M. salina has relatively little effect on the feeding behavior of G. aequicauda when consuming chironomid larvae, as previously shown for another prey type, planktonic brine shrimp [22]. Only the duration of the search before capture significantly changed and increased. For M. salina, the situation was different. When G. aequicauda were not distracted by chironomid larvae, they ate an average of 48 M. salina in 4 h (Table A1). In experiments, where there were both M. salina and chironomid larvae, G. aequicauda ate an average of only 22 individuals of M. salina during this time. The presence of chironomid larvae more than halved the consumption of M. salina. This was also noted previously in the case of G. aequicauda feeding on both brine shrimp and B. noctivagus [38]. It is possible to draw the general conclusion from these two results that, when a predator feeds on two prey types, a smaller prey can benefit, i.e., population suppression by a predator at a slower rate.



G. aequicauda changed feeding behavior when there were two types of prey (Table A1), in comparison with having only M. salina [21]. There were interruptions in the capture of M. salina, which were associated with eating a chironomid larva. The rate of M. salina consumption by G. aequicauda, as shown earlier [21], varied widely, increasing with an increase in the concentration of M. salina, from 0.04 to 9.8 ind./hour. The lowest rate was observed at M. salina concentrations of about 20–50 ind./L. The results obtained in this current study were on average higher, and the short-term M. salina consumption rates ranged from 3 to 24 ind./hour. The authors cannot unequivocally explain the differences between the new and previous results. Most likely, these can be explained by the following methodological differences between the previous [21] and current experiments, and some other unaccounted for factors. The results obtained earlier probably characterize average daily consumption rates, while the maximum values in the new experiments refer to the morning hours. Our new results may suggest the presence of a diurnal rhythm in the feeding of G. aequicauda, with a maximum rate of prey consumption in the morning. The results of the new experiments showed that when calculating the rates of M. salina consumption by G. aequicauda, the rates obtained for intervals of 4 and 8 h were lower than for certain shorter periods (Table A1). Taking all this into account, it can be assumed that the average daily rates of M. salina consumption by G. aequicauda can be 3–5 times less than the average morning rates. Diurnal behavioral and feeding rhythms are present in various types of crustaceans, including this species [43,44,45]. Other reasons for the differences in values are also possible, which may somehow be related to the state of G. aequicauda, its high food excitation in the presence of chironomid larvae, and some other unaccounted-for environmental factors. Temperature and salinity in our experiment had lower variability, so it was unlikely that these were the reasons. In our experiments, there was only a slight dependence of the M. salina consumption rate on their concentration. Most likely, this was also associated with the higher food excitation of G. aequicauda at a relatively low M. salina concentration. At low food concentrations, animals often reduce the intensity of feeding, because energy expenditure on searching for and consuming one piece of prey can be greater than the amount of energy received when eating it [16,17,20,21]. The presence of chironomid larvae removes this restriction when feeding on small M. salina. Other hypotheses also can be put forward to explain this. However, only one thing can be stated: The processes of trophic relationships are very complex, and we are only beginning to get closer to understanding their complexity and the relationship between causes and effects.



If the gut volume of a predator and the volume of prey are close, we cannot neglect T3, the time necessary to digest prey. Given Equation (1), it becomes clear why, after eating one chironomid larva, G. aequicauda does not attempt to capture the next larva until 20–120 min have passed [22,29]. For the second larva there is simply no room in the gut. M. salina are about 40 times smaller in mass, and G. aequicauda can consume these almost continuously, without a break for digestion. So T3 can be excluded from Equation (1). The rate of M. salina consumption by G. aequicauda would be inversely proportional to (T1 + T2) and, if T1 ≥ T2, directly proportional to the prey concentration [21]. The rate of B. noctivagus larvae consumption by G. aequicauda is constant in a wide range of B. noctivagus concentrations due to T3 limiting consumption rate [29]. Based on this, the ratio of the components of the time balance during nutrition is determined largely by prey size, which must be taken into account when modeling trophic relationships.



The next question to be discussed is: does the presence of two alternative prey give the predator any energetic benefit over a single prey source? Using already published [29] and new data (Table A1), it can be concluded that the presence of M. salina only slightly affected the total chironomid larvae consumption by G. aequicauda. If only chironomid larvae are present, the diet of G. aequicauda for a long period would consist of only chironomid larvae and would be equal, as may be calculated by Equation (1). In the presence of two prey kinds, G. aequicauda would also consume M. salina in proportion to their number, additionally to chironomids. For example (Table A1), G. aequicauda consumed an average of 22 individuals of M. salina in 4 h. Taking into account the difference in body weight of the chironomid larva and M. salina, this gives at least a 50% (in mass) increase in the diet of the G. aequicauda during this time. In the case that the concentration of chironomid larvae would be significantly lower than that in the experiment, then the role of M. salina in the total diet of G. aequicauda may be even greater. All of this leads to an understanding of the ecological role of the predator’s use of alternative prey that differs greatly in size. At given concentrations of two prey, the consumption of a larger prey may be energetically more profitable because it allows, on average, the consumption of a large amount of biomass per unit of time. However, with other combinations of prey for G. aequicauda (Artemia and chironomid larvae), it appeared that the consumption of smaller prey turned out to be more profitable for the predator, but in that case the prey differed in mass much less than in the experiment presented here [22].



G. aequicauda feeding on Artemia and chironomid larvae is digestion-limited predation [22], but feeding on M. salina it is handling-limited predation [21]. Based on this, we assume the following general rule: to obtain some benefit from consuming two alternative prey, a predator needs to have one prey species for digestion-limited predation and another prey species for handling-limited predation. The dependence of the consumption of biomass/energy by the predator on the size of the prey is not linear; it has a more complex form. However, size is also not the only characteristic of the prey that affects the rate of its consumption by the predator [8].



Feeding on chironomid larvae, when there are enough of them, may well satisfy the energy needs of G. aequicauda [29]. Specialization in feeding only on them would probably be beneficial for G. aequicauda in a constant environment. However, in reality, chironomid larvae pupate and then fly out of the lake en masse and, after that, there are practically no large enough larvae in the lake for a certain period of time. If G. aequicauda had targeted and eaten only chironomid larvae, they would starve after the pupation event. In hypersaline water bodies such as Lake Moynaki, there are often periods of near-bottom oxygen deficiency or even anoxic events, and benthic animals, including chironomid larvae, may die en masse. In this situation, G. aequicauda would have to switch to planktonic prey, such as M. salina. G. aequicauda can successfully exist in lakes by feeding only on small planktonic animals [21]. It should be noted that hypersaline waters, like other extreme habitats, are characterized by steep animal population fluctuations [5,40,46,47]. Predators in hypersaline waters, therefore, can sustainably exist only with a wide range of prey of different sizes. G. aequicauda is one of the most halotolerant amphipod species [21]. In general, Gammarus spp. are omnivorous and, in the absence of a preferable resource, they also can feed on microbial biomass and plant leaves [31,40,48,49]. The size spectrum of its prey is very wide, from small harpacticoids (<0.5 mm) to Artemia and chironomid larvae (>10 mm) [21,29]. This is one of the features that allow the species to successfully exist in a rapidly changing environment, from brackish to hypersaline water bodies [21,50]. The predators use alternative prey, plants or detritus to compensate for the sharp fluctuation of single prey species populations; this annual stabilization pattern is common in highly fluctuating environments [51,52].



A wide range of G. aequicauda prey also contributes to the stabilization of food webs and the ecosystem as a whole. Small species, like M. salina, if they are the only prey, can quickly be reduced by G. aequicauda in water bodies [21,22,39]. The presence of large prey can also significantly reduce the pressure of the predator on them, as shown in this study and earlier [38]. Thus, if the predator feeds on different types of prey, it reduces the likelihood of excessive prey predation and loss of smaller prey from the community [38]. General ecosystem resilience also follows this [46,53,54].



The results of these new experiments with and without bottom sediment have shown that sediment can alter the characteristics of feeding behavior of G. aequicauda to some extent (Table A1). For example, the probabilities of a chironomid larva and a cladoceran being the first prey were the same in vessels without soil. In vessels with soil, the probability of Moina becoming the first prey was significantly higher than that of a chironomid larva. A similar phenomenon was noted by the authors earlier, during other experiments with G. aequicauda [29,38]. In the presence of bottom sediments, a chironomid larva, for example, may make the tube around its body, or deeper, bury into the sediment, using that as a defense mechanism [29,38,55]. An increase in habitat complexity (sediments, vegetation, etc.) supports stability of coexistence of prey and predator species; it may modify feeding behavior and decrease predator success [38,39,55,56,57]. However, we do not have enough data here to accurately discuss this.
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Table A1. Elements of Gammarus aequicauda feeding behavior in the presence of two types of prey, a cladoceran Moina salina and a chironomid larva Baeotendipes noctivagus (there were 30 replicates of each treatment).






Table A1. Elements of Gammarus aequicauda feeding behavior in the presence of two types of prey, a cladoceran Moina salina and a chironomid larva Baeotendipes noctivagus (there were 30 replicates of each treatment).





	
Feeding Behavior Parameters of G. aequicauda

	
Without Bottom Sediments

	
With Bottom Sediments




	
Average

	
Range

	
CV

	
Average

	
Range

	
CV






	
Feeding on Chironomid Larva




	
Time to capture chironomid larvae, min

	
4.9

	
0.2–17.5

	
1.177

	
8.7

	
0.2–15.3

	
0.766




	
% of eating the entire larva (handling time) in one time

	
48.3

	
–

	
–

	
47.8

	
–

	
-




	
Handling time to completely consume one prey, min

	
49.2

	
29.5–74.0

	
0.240

	
58.8

	
44.1–70.1

	
0.140




	
The number of approaches spent on the complete consumption of one chironomid larva

	
2.3

	
1.0–6.0

	
0.675

	
2.0

	
1.0–5.0

	
0.571




	
The duration of the time of complete eating in several visits, min

	
59.6

	
34.5–112.8

	
0.379

	
60.3

	
52.8–76.3

	
0.139




	
The total duration of rest during the period of eating, min

	
63.3

	
7.7–168.7

	
0.657

	
38.1

	
2.7–80.8

	
0.700




	
Feeding on Moina salina




	
% cases when Moina was captured before catching a chironomid larva

	
52.0

	
–

	
–

	
76.0

	
–

	
–




	
The number of Moina eaten before the capture of a chironomid larva, ind.

	
2.3

	
0–8.0

	
1.105

	
4.1

	
0–10.0

	
0.738




	
The rate of Moina consumption before capturing a chironomid larva, ind./min

	
0.4

	
0–1.6

	
0.765

	
0.4

	
0–0.9

	
0.679




	
Time spent searching for and handling one Moina, min

	
2.5

	
0.63

	
0.780

	
2.5

	
1.1

	
0.683




	
The number of Moina consumed after fully eating a chironomid larva before the 4th hour of an experiment, ind.

	
13.5

	
9.0–20.0

	
0.271

	
19.5

	
13.0–24.0

	
0.175




	
The rate of Moina consumption in the period after larva eating up to 4 experiment hours, ind./min

	
0.3

	
0.13–0.41

	
0.348

	
0.11

	
0.07–0.14

	
0.191




	
The number of Moina consumed during breaks when eating a chironomid larva, ind.

	
8.3

	
4.0–16.0

	
0.382

	
2.9

	
0–8.0

	
1.116




	
The rate of Moina consumption during these breaks, ind./min.

	
0.13

	
0.04–0.35

	
0.593

	
0.08 (0.14 *)

	
0.01–0.4 *

	
1.152 *




	
Average time spent searching for and handling one Moina, during these breaks, min

	
7.7

	
2.9–25.0

	
0.601

	
12.5 (7.1 *)

	
100 (2.5 *)

	
1.202




	
The number of Moina eaten in the first 4 h of an experiment, ind.

	
19.7

	
9.0–32.0

	
0.347

	
25.3

	
13.0–33.0

	
0.213




	
The Moina consumption rate by G. aequicauda in the first 4 h of the experiment, ind./min

	
0.08

	
0.04–0.13

	
0.361

	
0.11

	
0.05–0.14

	
0.252




	
Time spent searching for and handling one Moina in the first 4 h of an experiment, min

	
12.5

	
7.7–25.0

	
0.360

	
9.1

	
7.1–20.0

	
0.254




	
The number of Moina eaten between 4 and 8 h of an experiment, ind.

	
15.2

	
10.0–27.0

	
0.267

	
12.4

	
8.0–19.0

	
0.225




	
The Moina consumption rate between 4 and 8 h of experiment, ind./min

	
0.06

	
0.04–0.11

	
0.267

	
0.05

	
0.03–0.08

	
0.226




	
Time spent searching for and handling one Moina between 4 and 8 h of an experiment, min

	
16.7

	
9.1–25.0

	
0.268

	
20.0

	
12.5–33.3

	
0.231




	
The total number of Moina eaten in 8 h, ind.

	
34.9

	
23.0–44.0

	
0.160

	
37.7

	
23.0–45.0

	
0.128




	
Average Moina consumption rate in the whole experiment, ind./min

	
0.07

	
0.05–0.09

	
0.167

	
0.08

	
0.05–0.1

	
0.131








*—excluding that experiment where Gammarus did not consume Moina at that time.
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Figure 1. Map of the hypersaline Lake Moynaki (A)—the Crimean scale, (B)—the local scale). 
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