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Abstract

:

The climbing perch Anabas testudineus is widespread in the inland waters of Vietnam and according to its ecology could have contact with floating plastic waste. Fragments of expanded polystyrene (EPS) are detected in the fresh waters of Vietnam in Khanh Hoa, Lam Dong, and Phu Yen provinces. Our study focused on estimating the probability of ingestion of EPS pellets (size 2.5–3.5 mm) by adult climbing perch. In the experiments, 3 types of treatment pellets were offered to fish: 24 feed pellets (Fps), 24 expanded polystyrene pellets (Pps), and 12 feed and 12 expanded polystyrene pellets (FPps). Fish grasping time of the first pellet was independent in all treatment types. The grasping time of the 12th pellet was insignificant in Fps (63 s) and Pps (75 s). Climbing perch grasped and ingested the 24th Fp significantly (p = 0.02) earlier (143 s), than they grasped the 24th Pp (817 s). Fish with FPp treatment grasped feed along with EPS pellets, but grasping the 12th Fp was significantly (p = 0.02) earlier (49 s) than the 12th Pp (193 s). By the end of the tests, the fish had ingested all feed pellets. We discovered that climbing perch grasped Pps and kept them in the oral cavity, but rejected them in 100% of the cases. This result provided evidence that climbing perch have an effective defense mechanism for avoiding ingestion of expanded polystyrene pellets with a size of 2.5–3.5 mm.
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1. Introduction


In recent years, an increasing number of studies on environmental pollution from various types of plastic waste and its impact on living organisms have been conducted. Plastic contamination was found in soil, air and fresh and seawater [1]. According to FAO data in the Asian region, Vietnam ranked fourth in the amount of plastic waste at sea, after China, Indonesia and the Philippines [2]. A Vietnamese person uses no less than 30 kg of plastic products per year [3]. For example, in 2018, plastic contamination in the Saigon River totaled 0.35–7.27 kg per person [4]. Rivers provide some of the most important repositories of plastic waste in marine ecosystems [5,6]. Plastic contamination often spreads from rivers and estuary systems to the East Sea and the Pacific Ocean. Most studies monitoring plastic contamination and assessing its impact on hydrobionts are conducted in seawater rather than fresh water.



Floating plastic fragments are similar in size and color to prey, such as fish, fish eggs and larvae, that contribute to its ingestion by various species of marine organisms [7,8]. Organisms on the first trophic levels ingest small plastic fragments that result in plastic transfer up the food chain [9]. Both juvenile and adult fish grasp and ingest large amounts of microplastics (<5 mm) [10,11,12,13,14,15] leading to changes in their behavior, mechanical damage to organs and tissues, transport of plastic fragments to the liver, changes in lipid metabolism, intestinal blockage and histopathological alterations in the intestine [16]. Therefore, ingestion of plastic is considered one of the main threats to marine organisms [11].



One of the common types of plastic contamination is expanded polystyrene (EPS). EPS products are widely used on land and at sea. European data for 2016/2017 suggested that waste generation of foamed polystyrene (expanded and extruded) from construction and packaging was about 530,000 tons. EPS contains a high proportion of air (>95%); therefore it easily spreads over long distances [17]. In nature, polystyrene products become microplastics through fragmentation due to mechanical damage or ultraviolet radiation [11,17,18]. EPS commonly fragments into separate 2–5 mm spheres, which subsequently degrade to a smaller size. Polystyrene fragments accumulate in microalgae [19], invertebrates [20,21], fish [22,23,24], birds [25,26] and marine mammals [27].



One of the common fish in Southeast Asia is climbing perch Anabas testudineus. In Vietnam, this species lives in standing and slow-flowing water bodies, including ponds and channels of the rice paddy systems. Many rice paddies are located within urban areas in Vietnam, which helps explain their heavy plastic pollution. Adult climbing perch are omnivores and partially consume food from the water surface [28,29]. Expanded polystyrene due to its positive buoyancy has a high probability of being ingested by fish. The climbing perch has high plasticity and adaptability that allows it to survive under conditions in which many other fishes could not live [30]. To date, no researchers have estimated the probability of climbing perch consuming microplastics.



The aim of this work was to assess the feeding behavior of climbing perch in the presence of expanded polystyrene pellets and the risk of EPS ingestion.




2. Materials and Methods


2.1. Study Area


The study was conducted in January–March 2022. Before the study, we estimated the probability of hydrobionts, in particular climbing perch, coming into contact with EPS in nature. Visual monitoring of plastic contamination of water bodies was carried out in Central Vietnam. Large-sized plastic waste (>1 cm, macroplastics) was estimated. Detected plastic was identified and divided into 6 types based on the classification of Kershow et al. [31]. The presence of expanded polystyrene (EPS), extruded polystyrene (XPS), polypropylene (PP), low-density polyethylene (LDPE), polyethylene terephthalate (PET) and multilayer polymer films (other) was estimated in water bodies. The plastic presence was determined in the random chosen littoral zone of the water bodies, which includes areas within 1 m of the shore and within 0.5 m of the shore. The presence of macroplastics was assessed in Khan Hoa, Phu Yen and Lam Dong provinces (Figure 1): in total five rivers, three reservoirs, and one irrigation channel were evaluated.




2.2. Fish Maintenance


The study was performed on adult climbing perch with fork length 98 ± 2.4 (80–137) mm and weight 16 ± 1.4 (8.8–42.7) g. Fish were caught using traditional artificial shelter-traps in the Am Chua irrigation channel. The channel is located in Nha Trang city and nearby agricultural areas (12°17′26″ N, 109°06′04″ E). The channel flows out of the Am Chua reservoir and connects with the Cai River. It is 2 km long, 6 to 12 m wide and 1 m deep. Many smaller channels diverge from the Am Chua channel and supply water to adjacent rice paddies. During our study, the water transparency in the channel did not exceed 20–30 cm, and total dissolved solids were 300 ppm (Xiaomi Mi TDS pen). The caught fish were transferred to the laboratory in 20 L tanks. The tanks were filled with 10 L of water from the channel.



In the laboratory, fish were acclimated to new water conditions. New water was gradually added into the transportation tanks over two hours. The hydrochemistry of the water in the laboratory was normal for fish maintenance (Sera Aqua-test box); total dissolved solids were 200 ppm. Three 80 L tanks were used for experimental fish maintenance. A total of 40 fish were kept in each tank with water temperature of 25–26 °C. The volume of water was permanent: 50 L per tank. Such volume of water was necessary to provide access to atmospheric air for the climbing perch, which combine gill respiration with atmospheric air breathing in a labyrinthine accessory breathing organ [32,33]. All tanks were covered with translucent white film to ensure the visual isolation of the fish. Illumination in the tanks was natural (through the laboratory windows), and it varied during the 24 h from 0.1 Lx to 100 Lx (lux meter Lutron LX-1102). We implemented water purification in each tank using automatic filters (Eheim Classic 150). It allowed carrying out a manual cleaning of the tanks one time per day, and filters were cleaned every five days. Each tank was covered with a white plastic lid. The lid had rectangular holes to accommodate automatic feeders (Eheim Auto Feeder). The feeding started twenty-four hours after the fish were transferred to the laboratory. We fed the climbing perch twice a day, at 7:00 a.m. and at 5:00 p.m. Dry feed pellets Humpy Head (“Yi Hu Fish Farm Trading”, Singapore) were used. The feeding ration was ~2% of the average fish weight. The feed pellets had positive buoyancy and stayed on the water surface more than 30 min. When the feed pellets entered the water, their size increased to 3.5 mm in the first 10 min. Fish began to ingest the feed pellets during the first three days after their transfer into the laboratory. Fish mortality was observed only in the first week after transfer and did not exceed 5%.




2.3. Experimental Design


For the feeding behavior experiment, three types of treatment pellets were prepared: (a) 24 feed pellets (Fps), (b) 24 expanded polystyrene pellets (Pps), and (c) a mix of 12 feed pellets and 12 expanded polystyrene pellets (FPps). This meant that each experimental group of fish was provided 24 pellets. Feed pellets had a cylindrical shape (diameter 2–3 mm, length 3–3.5 mm) and brown color. Expanded polystyrene pellets (“Nhu Phuong Investment and Manufacturing Co.”, Ho Chi Minh, Vietnam) had a spherical shape (diameter 2.5–3.5 mm) and white color. All used EPS pellets were stored in a container with feed pellets for one week before the experiment. We did so to achieve a flavored organoleptic imitation of plastic, i.e., for increasing the similarity with an edible object (feed pellets). In nature, some biological objects grow on the plastic surface [11]. That could increase the possibility of attracting fish to the plastic [34].



To estimate the possibility of the climbing perch consuming the expanded polystyrene pellets, we used three experimental tanks. Their size was similar to the maintenance tanks. Each tank was filled with 30 L of water at a depth of 15 cm. The experimental tanks were also covered with translucent white film. White plastic lids with a hole (4 × 4 cm2) in the middle for video cameras SjCam A10 were installed on the top of the tanks.



The experiment began two weeks after acclimatizing the climbing perch to the laboratory conditions. Before the trial, all fish were not fed for one day. Tests were held from 7:30 a.m. to 12:30 p.m. Illumination in the tanks was similar and changed from 40 to 80 Lx during the test period. Six fish were randomly placed in each experimental tank. After that, the cameras were installed to the lid holes, and video recording started (720 p, 30 frames/s). Twenty minutes after the trial began, each group of fish was given one of the three types of treatment pellets (Fp, Pp, FPp). The pellets were introduced to the tank from Petri dishes through the lid holes. Cameras were carefully picked up to provide the space to drop the pellets, and then returned to the lid holes. The duration of pellet introduction in each tank was no longer than three seconds. The assessment was finished twenty minutes later: video recording was stopped and assessed fish were transferred to the recovery tank. The number of each type of remaining pellets in the tanks was counted, and the presence of mechanical damage of the pellets was fixed. The tanks were alternated according to pellet treatment. For every pellet treatment, we used 36 fish in 6 trials. Every fish was used in the test only once, i.e., a total of 108 fish were used. In the laboratory, fish had their first contact with EPS.



The feeding behavior of climbing perch during the experiment was evaluated on the video recordings. Twelve hours of trial videos were analyzed. We analyzed fish behavior in the tanks, fixed the time of the first pellet grasping and the time required for grasping the 12th pellet and the 24th pellet. Repetitive grasping of the same pellet was counted as a new action. Statistical data analysis was determined by the Mann–Whitney test for small samples.



All experimental procedures with fish were carried out according to the guidelines and following the laws and ethics of the Socialist Republic of Vietnam and approved by the ethics committee of the Institute of Ecology and Evolution of the Russian Academy of Sciences.





3. Results


3.1. Qualitative Evaluation of Plastic Contaminations in Water Bodies of Central Vietnam


Macroplastics found in water bodies were identified under visual estimation according to external characteristics because the fragments usually did not have identification codes. Most often, we discovered samples of LDPE (household bags) and PP (plastic bags 20–50 L) (Table 1). Less commonly (4 studied areas or probability of finding 0.67), we found fragments of EPS (insulated containers) and multilayer polymer films (packaging for food and household goods). Fragments of nylon fishing nets were found in two areas. Plastic cups and bottles (PET) were predominant along the shores of the Dankia Reservoir and the Am Chua Reservoir. Fragments of transport containers (disposable lunch boxes) made of extruded polystyrene (XPS) were found in two studied areas.




3.2. Climbing Perch Reaction to the Feed and Polystyrene Pellets


After transferring to the experimental tanks, climbing perch swam actively throughout the entire available volume of water. Sometimes, fish jumped out of the water but not more than 10 jumps during the 40 min of the trial. During the test, fish often demonstrated aggressive behavior when one or two fish attacked and pursued another for 2–10 s. We did not find changes in fish aggression before and after dropping pellets.



Fish reacted to dropping different pellets (Fp, Pp, FPp) in the tank, rising up to the water surface to grasp them. When the fish swam to the feed pellets, they mostly grasped and ingested feed pellets. Fish swam close to EPS pellets and after touching them, they either grasped them or swam away. Occasionally, the fish grasped several pellets (2–4) of feed or EPS at once. Usually, such behavior was observed during the first minute of the trial. After grasping a few feed pellets, the fish for one minute could retain them in their oral cavity, later rejecting the pellets and repeatedly grasping them again before finally ingesting them. The number of times the fish repeatedly grasped feed pellets did not exceed three times. Fish that were given FPps could grasp one or two EPS pellets with the feed pellets at a time. At the same time, fish always rejected the EPS pellets, either immediately or after one minute as shown in the animation (Video S1). Fish could repeatedly test the same pellets of EPS. An EPS pellet that was refused by one fish could be quickly grasped (less than 5 s) by another fish. Fish attempted to bite EPS pellets during grasping and retention. Therefore, some of the EPS pellets (7.3% in Pp trials and 7.7% with FPp trials) were deformed or divided into 2–3 fragments by the end of the trial (Figure 2). All (100%) EPS pellets were refused by fish during the trial, in contrast to the feed pellets. During the trial, fragments of EPS pellets were not grasped. In the Pp trial, fish grasped EPS pellets more actively within the first 5 min after pellets were dropped into the water, on average 16 ± 3.3 (3–23) pcs. In the next 5 min, the number of grasped EPS pellets decreased to 3 ± 1.3 (0–8) pcs.



Fish could grasp different types of pellets either immediately or up to 2.5 min after dropping. The time of grasping the first pellet did not depend (p > 0.05) on the type of pellets. The first grasping of Fps usually (>80% of trials) occurred within 5 s after pellets were dropped into the water. For the same period, grasping Pps occurred in only 50% of the trials. The grasping time of the 12th and 24th feed or EPS pellets significantly varied in each trial (Table 2). When FPps were introduced, the fish grasped feed pellets faster than EPS pellets. Therefore, in experiments with FPps, fish on average spent 3 times more time (p = 0.020) until grasping the 12th EPS pellet compared to the 12th feed pellet. A similar result was observed in trials with FPps compared to trials with Fps: fish spent more time until grasping the 12th EPS pellet (p = 0.031). In trials with Pps (introduced only EPS pellets) climbing perch on average spent 5.7 times more time (p = 0.020) until grasping the 24th EPS pellet than fish in trials with only feed pellets.





4. Discussion


4.1. The Presence of Macroplastics in Water Bodies of Central Vietnam


All studied water bodies of Central Vietnam had contamination from different types of macroplastics. Low-density polyethylene and polypropylene were one of the most common plastics found in the largest number of water bodies. Less often (four of six studied areas), fragments of expanded polystyrene were found. In the Saigon River, polystyrene products made up 9–22% of all plastic waste [4]. However, the fraction of expanded polystyrene out of total polystyrene contaminations was not specified by the authors. The presence of polystyrene in freshwater bodies of Vietnam assumes the risk of EPS consumption by hydrobionts.




4.2. The Risks of the EPS Ingestion by Fish


The potential ingestion of plastic could influence fish health through nonspecific chemical effects [16]. Nonspecific chemical effects include release of additives (ethylene, styrene, plasticizers, dyes) during the disintegration of plastic [35] and by organic substances that accumulate on its surface [36]. Unlike other types of plastics, white EPS usually does not contain plasticizers, but it possibly includes antioxidant tris (4-nonylphenyl)-phosphite which has a potent estrogen mimic function [35] and disrupts reproductive functions in fish. For example, 10 μm of polystyrene microplastics inhibited steroidogenesis in female marine medaka Oryzias melastigma, delaying ovarian maturation and reducing fertility [37]. In addition, EPS could contain nanosilver particles (AgNPs) due to its antibacterial function [38]. AgNPs are toxic to invertebrates and fish [39,40,41]. Being on the surface of the water, foam polystyrene accumulates other organic substances [17]. All described points may affect the physiological state of fish in the case of EPS ingestion.




4.3. Estimation of EPS Grasping by Climbing Perch


In our experiments, we provided expanded polystyrene pellets to climbing perch, which were similar to artificial feed pellets in size and positive buoyancy. It is possible that the similarity to organoleptic properties was because EPS and feed pellets were stored in a container together. It means that the chance of EPS pellets being consumed by climbing perch was deliberately enhanced. Probably, the similarity to the organoleptic properties of the EPS pellets with the feed reduced after dropping them in water, due to the small feed fragments on the plastic surface washing out. However, due to low density and the ability to adsorb water, the surface structure of the polystyrene pellet [17,42] promotes the accumulation of foreign additives, including organic substances. The EPS and feed pellets differed noticeably in color. Differences in color and shape of feed or EPS pellets did not affect the timing of the first pellet grasping. Similar primary reactions to different types of pellets could be related to the fact that fish were hungry (for twenty-four hours) and observed food competition. This is consistent with the fact that after the pellets were dropped, the tested fish often threw and occasionally grasped several pellets at once. Another variant of feeding behavior was noticed when the feed or EPS pellets were grasped: fish swam close to the pellets and then either moved away or grasped a pellet. Fish could use chemoreception to assess the taste attractivity of pellets. Climbing perch are known to express their ability for local olfactory search [33]. However, the second variant of feeding behavior with pellet pre-testing often resulted in EPS pellets being grasped also. We suspect that this could be related to the presence of the small feed fragments on the surface of polystyrene pellets, so fish perceived plastic as a food object. It is known that the small size of microplastics is one of the reasons for its consumption by fish and other organisms. Hydrobionts are not able to detect microplastics and ingest them together with food objects [14]. In our experiments, the opposite was true: the climbing perch saw EPS pellets and grasped them.



The priority of pellet grasping by climbing perches gradually changed during the trial. Thus, when the mix of pellets was offered, the fish grasped the 12th feed pellet earlier than the 12th EPS pellet. Fish spent noticeably less time to grasp the 24th feed pellet than the 24th EPS pellet. The faster grasping of feed pellets compared to EPS pellets could relate to their better visibility (contrast brown color) and that experimental fish were trained to consume feed pellets. The time until the 12th pellet grasping was not different in the trials with only feed or EPS pellets. This indicates that the color of the pellets is not very important to climbing perch feeding behavior.




4.4. Estimation of EPS Ingestion by Climbing Perch


Our experiment showed that climbing perch grasped and retained EPS pellets or their large fragments but did not ingest them and in 100% of the cases rejected them. Fish rejected EPS pellets even when grasping them simultaneously with feed pellets. The duration of the EPS pellet retention in the mouth varied from a few seconds to one minute. Probably during this period, fish performed intraoral testing on the quality of the object using their taste system and/or tactile receptors. The combination of taste properties of food with its mechanical characteristics (hardness, plasticity and strength of the object, its viscosity and fluidity, surface roughness, etc.) could be a determining factor for fish to consume or reject a grasped object [43,44]. There is no doubt that EPS and feed pellets noticeably differ in a number of mechanical characteristics, including shape recovery after deformation that could result in a rejection of EPS pellet ingestion. When EPS pellets came into contact with water, their mechanical resistance did not decrease, unlike feed pellets that swell in the water. The increase of feed mechanical resistance results in decreasing consumption by carp Cyprinus carpio, whose reactions are mostly controlled by tactile receptors rather than a taste system [44]. Differences in mechanical resistance between EPS and feed pellets did not prevent climbing perch from biting the EPS pellets. That indicates a predisposition of this species to consume solid food. Initial biting of food prior to ingestion or rejection was also observed in other fish species. For example, brown trout Salmo trutta caspius [45] or barramundi Lates calcarifer [46] bit artificial pellets that had the weakest aversive taste. We assume the biting the EPS pellets was the final testing phase evaluation of taste attractivity by climbing perch. This behavior of climbing perch provides a reliable and accurate identification of food quality before ingestion, as well as reduces the probability of consuming inadequate food. This defense mechanism of climbing perch may significantly reduce the consumption of plastic [34]. The ability of fish to avoid plastic consumption could be related to their ecology and food selectivity [47,48]. Intraspecific individual preferences of fish to plastic consumption are also discussed in [49]. A lot of microplastics in water could contribute to increasing ingestion by fish [14]. The present study shows that the climbing perch is capable of successfully avoiding EPS consumption despite its consumption of diverse foods [28]. It is unlikely that climbing perch would consume larger sizes of EPS (2.5–3.5 mm). Only accidental ingestion of EPS with a size less than 2.5 mm poses a risk to this species. The literature review revealed [50] that fish mostly ingested microplastics less than one mm. Coral fish Acanthochromis polyacanthus frequently grasped plastic less than 0.3 mm because they do not detect a foreign object and consume it with food [14]. We admit that while evaluating EPS pellets taste (biting and fragmentation) climbing perch could ingest small fragments of plastic. Nanoparticles of polystyrene (24 nm and 27 nm) that enter the bodies of zebrafish Danio rerio in the food chain (algae–daphnia–fish) affected food consumption and group behavior and decreased fish activity [23]. Response to plastics accumulation registered on behavioral, morphological and metabolic levels. The experimental maintenance of zebrafish in water with polystyrene particles with a size of 20 μm and 70 nm resulted in accumulation of plastics in the gills and intestines and impairment of lipid and energy metabolism in the liver [22]. Later, the accumulation and negative impact of polystyrene with a size of 5–12 µm was found in perch Perca fluviatilis [24] and medaka [37].





5. Conclusions


We estimated the expanded polystyrene distribution (probability of finding 0.67) in freshwater bodies in Central Vietnam. Our experiment revealed an effective defense mechanism of climbing perch to avoid the ingestion of expanded polystyrene pellets with size 2.5–3.5 mm. This mechanism was realized through the taste system and tactile reception of fish. The avoidance of plastic consumption by climbing perch facilitates its survival in water bodies contaminated with plastic waste. We hypothesize that some organic substances and additives from EPS could remain in the oral cavity of the climbing perch after the rejection of EPS granules. Such biologically active substances could create a potential risk for the physiological state of climbing perch.



There is no doubt that we need to monitor the amount and type of plastics that enter both freshwater and seawater environments. It is also required that we investigate the problem of plastic contamination in terms of plastic avoidance mechanisms in different hydrobionts. Further studies on this topic will facilitate the protection and conservation of the organisms that do not have an effective defense mechanism against ingestion of microplastics.
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Figure 1. Geographical position of macroplastics sampling (red dots) (QGIS 3.26.2). 
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Figure 2. EPS pellet before grasping (a) and after grasping (b) by Anabas testudineus. Scale bar 2 mm. 
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Table 1. Qualitative evaluation of macroplastics contaminations in water bodies of Central Vietnam.
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Studied Areas

	
Waterbodies

	
Province

	
Sampling Coordinates

	
Type of Macroplastics






	
1.

	
Cai River (lower reaches)

	
Khanh Hoa

	
12°16′22″ N 109°09′25″ E

	
LDPE, PP, EPS, XPS




	
2.

	
Am Chua Reservoir

	
12°18′35″ N 109°05′46″ E

	
LDPE, EPS, PET, Other




	
Am Chua Irrigation channel

	
12°17′26″ N 109°06′04″ E

	
LDPE, PP, EPS, PET, Other




	
3.

	
Da Rang River (middle reaches)

	
Phu Yen

	
13°00′52″ N 109°11′36″ E

	
PP, Other




	
Da Rang River (estuary)

	
13°03′54″ N 109°18′41″ E

	
LDPE, PP, EPS, XPS




	
4.

	
Krong No River (upper reaches)

	
Lam Dong

	
12°15′10″ N 108°26′23″ E

	
LDPE, PP, Nylon, Other




	
Krong No River (lower reaches)

	
12°10′55″ N 108°08′12″ E

	
LDPE, PP, Other




	
5.

	
Da Nhim Reservoir

	
11°40′38″ N 108°19′41″ E

	
LDPE, Other




	
Da Nhim River (middle reaches)

	
11°46′16″ N 108°31′00″ E

	
LDPE, PP, Other




	
6.

	
Dankia Reservoir

	
11°59′31″ N 108°22′17″ E

	
LDPE, PP, EPS, PET




	
Ankroet River (connected with Dankia Reservoir)

	
12°00′12″ N 108°21′01″ E

	
LDPE, PP, Nylon








Notes: EPS—expanded polystyrene; XPS—extruded polystyrene; PP—polypropylene; LDPE—low-density polyethylene; PET—polyethylene terephthalate; Other—multilayer polymer films.
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Table 2. The time of grasping feed and EPS pellets by Anabas testudineus during 20 min.
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Type of Introducing Pellets

	
Feed Pellets

	
EPS Pellets

	
24th Grasping




	
1st Grasping

	
12th Grasping

	
1st Grasping

	
12th Grasping






	
Feed

	
12 ± 9.0

0–56

	
63 ± 43.5

7–280

	
–

	
–

	
143 ± 63.8 (5)

32–366




	
Expanded polystyrene

	
–

	
–

	
35 ± 22.7

2–146

	
75 ± 4.3

62–86

	
817 ± 129.0 (4)

613–1196




	
Feed and Expanded polystyrene

	
2 ± 0.6

0–4

	
49 ± 17.1

12–130

	
14 ± 7.2

1–42

	
193 ± 62.4

53–439

	
–








Notes: Above the line M ± m (mean and standard error); below the line min–max; numbers (4, 5) indicate amount of the trials used in the calculation, if it was <6. In some trials, the amount of grasping of feed or EPS pellets was not always more than 24 times during the 20 min.
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