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Chapter 1

General Introduction

1.1 Introduction

Eurasian perch (Perca fluviatilis L.) is traditional complementary fish of European aquaculture sector. For long years, this species was cultured in pond polyculture mainly with common carp (Cyprinus carpio). According to FAO (2007), the total production was 21 492t for wild-captured perch and 315t for farmed perch. However, market for perch in Europe, including Switzerland as the biggest importer is undersupplied. Estimated market for perch is about 6 000 t in Switzerland, 2 000t in Germany 1 500t in France and 500t in Austria (Watson, 2008). Approximately 22t of marketable perch are annually produced in fish ponds in Czech Republic and another 20t is obtained by fishing (FAO, 2007). In Switzerland (biggest importer of perch), the small-sized 15g fillets with skin are required in French-speaking cantons, medium-sized 40g in German-speaking cantons. Larger fillets 100-150g are required in France (Lorraine). In Switzerland is perch fillets or if you like “Egli” traditional part of local cuisine (Watson, 2008).

From reason mentioned above, aquaculture of percid fishes (perch, pikeperch) has gained significant interest in the freshwater aquaculture of Europe during the last ten years. Some new farms were constructed on recirculation basis in different European countries (Kestemont and Fontaine, 2008). At the present, the most developed system of perch intensive culture is in Ireland. There are two hatcheries (PDS Irish Waters Perch Ltd. and Key Water Fisheries) specialized on production of fingerlings (total production of 1.3 million per anum) and two ongrowing farms (Clune Fisheries – 100t and Emlagh Fisheries – 20t). In addition, another farm named Ballybay (50t) is under construction (Toner, 2008). Other European farms are placed in France (Lucas Perches), Switzerland (Percitech) and Denmark (Bornholms Hatchery). It is evident, that culture of perch have great potential, particularly in European countries. 

Presented Ph.D thesis concentrate results from relative wide range of experiments aimed on using of anaesthesia, artificial reproduction, spermatology, using of all-female populations, metabolic rate of reared pech. All these topics were solved in relation to intensive culture of perch.

1.2 Anaesthesia in perch

The use of anti-stress agents is a common practice in modern aquaculture. Such substances are used to induce anaesthesia during handling and sorting, tagging, artificial reproduction procedures or surgery, thus reducing stress-induced problems such as decreases in feeding and immune functions (Ross and Ross, 1999). In addition, using of anaesthetics for mild sedation during transport of fish is possible (Davis and Griffin, 2004). The anaesthetics most commonly used in aquaculture are MS-222 (Sandoz), clove oil and 2-phenoxyethanol (Svoboda and Kolarova, 1999), with anaesthesia being usually induced by immersing the fish in an anaesthetic solution. Propiscin containing etomidate is commonly used to anaesthesia of fish in Poland (Kazuń and Siwicki 2001). ). Hamackova et al. (2001) provide data on optimal doses of 2-phenoxyethanol, clove oil and Propiscin for perch. However, haematological and biochemical profiles of blood provided important information about the internal environment of fish (Masopust 2000). The safe concentration of Propiscin, 2-phenoxyethanol and clove oil reported Hamackova et al. (2001) were used to evaluate haematological and biochemical profiles (particularly stress-related parameters) of blood in perch during common anaesthesia procedure. To date, only data on toxicity and onset of phases anaesthesia were published (Hamackova et al., 2001) for perch. However, no data on blood biochemical profiles in perch anaesthetized with MS 222, clove oil, 2-phenoxyethanol or Propiscin are available in the literature. Therefore, data on biochemical parameters in plasma of perch anaesthetized by MS-222, 2-phenoxyethanol, clove oil and Propiscin are given in Chapter 3.
1.3
Artificial reproduction of perch

Currently, significant progress has been made in the development of the artificial spawning of perch, particulary on induced ovulation (Kucharczyk et al., 1998; Kucharczyk et al., 1996; Dabrowski et al., 1994; Kouril et al., 1997, Kouril et al., 2002) and off-season spawning (Fontaine et al., 2006; Migaud et al., 2002; Migaud et al., 2004b). A complete protocol for achieved out-season spawning is now available (Fontaine et al., 2006; Migaud et al., 2002; Migaud et al., 2004b).
Gamete management is a key factor to achieve high fertilization success in fish farms (Billard et al., 1995). However, mortality of broodstocks (Wang et al., 20003) and lack of diets formulated for rearing of broodstocks belong to main bottleneck in recent artificial reproduction of perch. Therefore, quality of eggs in intensively cultured perch is generally poor. One possibility is using fish from fishpond conditions to producing high-quality eggs. However, this way not allowed biotechnolgy treatment nedded for improve of growth such as positive selection or culture of monosex population. Therefore, some studies started to solve this problem (Kestemont et al., 2008), but results are unsatisfied. Thus, additional research on this field of perch culture is needed.
On the other hand, no impact of intensive culture (artificial feeding) on spermatozoa characteristics was found. However, key factors in reproduction of fish included the proper evaluation of semen quality. This is necessary to optimize the efficiency of fertilization success. Alavi et al. (2007) provided data on basic characteristics of sperm and factors (and their specification) which affected spermatozoa motility in perch. Policar et al. (2008) reviewed that optimal sperm motility is achieved using imobilizing solution (NaCl 200 mM, NaHCO3 2.38 mM, osmolality 380 mOsmol Kg-1, ratio 1:50) and activating solution (2.5 mM Ca2+, 50 mM K+, sucrose, osmolality 100 mOsmol Kg-1). In addition significant progress on field of perch spermatology including cryopreservation (Linhart et al., 2008; Rodina et al., 2008) was made in recent years. 
1.3.1
Synchronization of ovulation using GnRHa 

Synchronization of ovulation is one method to control the reproductive cycle in perch. Most common technique (administration of carp pituitary) used for cyprinids was applied by Kucharczyk et al., (1996) for perch. Administration FSH + LH was reported by Kucharczyk et al. (1998) and has positive effect on synchronization of ovulation and spermiation in perch. Likewise, induction of ovulation by gonadotropin-releasing hormone analog (GnRHa) is also common technique for controlling reproduction of commercial fish (Dabrowski et al., 1994; Kouril et al., 1997). GnRHa can induce the secretion of the fish’s own gonadotropin from the pituitary gland, thereby overcoming the endocrine failure observed in broodstocks which are stressed or not able to spawning. Using of GnRHa without dopaminergic inhibitor was tested by Kouril et al. (1997). Comparison of artificial reproduction using GnRHa with and without dopaminergic inhibitor is presented in Chapter 2.

1.3.2
Energetics of perch sperm and possibility of repeated fertilization

At present state, the mechanism of activation sperm motility is known. Perch spermatozoa as well as those of other freshwater fishes are activated for a short period right after their transfer into hypotonic environment (Lanhsteiner et al., 1995; Alavi et al., 2007). However, bioenergetic metabolic pathways of spermatozoa movement have been insufficiently studied and are unclear. Thus, there is the need for additional studies in this field (Ingermann et al., 2008). Chapter 4 presented results of study the dynamics of ATP content and sperm movement parameters in conditions of gradual reduction of osmotic pressure of the activating solution.

1.3.3 Monthly variations in the semen characterization of Perca fluviatilis L.

Manipulation of sperm for artificial fertilization is one of the most important procedures to optimize artificial reproduction. In this regard, knowledge of the osmolality of seminal plasma, sperm density, volume and motility are important to determine the composition of sperm-activating or immobilizing solutions, as well as the optimum sperm:egg ratio in artificial fertilization. Likewise, knowledge on variations of these parmeters are needed for broodstock fish management. It has been already shown that these characteristic of sperm can be significantly influenced during spawning period (Piironen, 1985). Moreover, determination these parameters can be used to assess the sperm quality and that may influence the rate of fertilization (Rurangwa et al., 2004). Therefore, knowledge on these changes are needed for successful reproduction of this specie and allowed anothers implications. Detailed information on monthly variations of seminal plasma osmolality, sperm density, volume and motility in perch is given in the Chapter 5.
1.4
Possibility for increasing growth of perch 

Relative slow growth rate and high weight heterogeneity belong to main limiting factors in the comercialization of perch. Due to slow growth, the intensive culture systems achieved low productivity at level 350-400 g m-3 d-1 at relatively high stocking biomass about 60-80 kg m-3 (Rougeot and Mélard, 2008). Possibility of increasing growth included selection 

of strain (Mandiki, et al, 2004) domestication, hybridization (with Yellow perch Perca flvescens), triploidisation and production of all-female stocks (Rougeot and Mélard, 2008).
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Females of perch grow faster and reach much larger size than males. In perch (homogametic specie, XX sex determination) monosex female stocks can be produced in three ways: (1) the direct treatment of juveniles with syntetic or natural estrogen; (2) gynogenesis; or (3) the indirect use of hormones, in which juvniles are treated with androgens to masculize genetic females (neomales) and the sperm from those neomales are then used to fertilize normal eggs (Rougeot et al., 2002). Generally, the third method is preferred, because it has potential of 100% reversed offspring and fish destined for human consumption are not exposed to androgens (Rougeot and Mélard, 2008). Best results of masculinization is obtained in followed conditions: hormone 17α-methyltestosterone, initial mean body weight 70 mg, inital age 36 days post hatch, dose 5-10 mg kg-1 food, duration 30 days (Rougeot et al., 2002). Chapter 7 provided data on growth and technological variables of monosex stock by comparison with bisexula ones.
1.5
Metabolic rates of perch cultured in recirculated aquaculture systems (RAS) 

In recirculating systems, good water quality must be maintained for maximum fish growth and for optimum effectiveness of bacteria in the biofilter. Critical environmental parameters include the concentrations of dissolved oxygen, ammonia-nitrogen, nitrite-nitrogen, and carbon dioxide in the water of the culture system (Craig, 2000). Oxygen consumption is often used as a measure of metabolic costs and it has been shown that energy expenditure is dependent upon both environmental conditions and upon the size of fish and frequency of ingestion (Zakęś and Demska-Zakęś, 2002; Zakęś et al., 2003). The principal waste product of the metabolism of proteins in teleosts is ammonia. In perch the majority of the nitrogenous waste is also excreted as ammonia (Zakęś et al., 2003). Knowledge of the ammonia output is vital for the maintainance of a satisfactory farming environment for the fish and for the monitoring of the effluent loadings into the natural environment. Oxygen consumption and ammonia excretion is influenced by several factors including temperature, food type and fish size (Zakęś and Demska-Zakęś, 2002; Zakęś et al., 2003, Peres and Oliva-Teles, 2001). The aim of Chapter 8 was to determine the rates of oxygen consumption and ammonia production by perch reared in a recirculation system.
IN THIS THESIS
The overall aim of present thesis was to improve intensive production of perch

The specific objectives were to:

· investigate the feasibility of using clove oil, 2-phenoxyethanol, or Propiscin as an alternative to tricaine methane sulphonate (MS 222) as a fish anaesthetic.
· investigate two hormonal preparations containing GnRHa with metoclopramide (Dagin) and without (Supergestran) for successful induction of ovulation in perch.

· investigate possibility repetitive activation of motility perch sperm. 

· investigate the monthly variations of sperm parameters 
· evaluate the profitability of culture in monosex all-female stock compared to production characteristics of bisexual stock in perch under intensive conditions.

· determine the relationship between body weight and oxygen consumption and ammonia excretion and the diurnal fluctuation of in these variables in perch
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Comparison of the effects of four anaesthetics on biochemical blood profiles of perch
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Comparison of the effects of four anaesthetics on biochemical blood profiles of perch
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Abstract

This study investigated the feasibility of using clove oil, 2-phenoxyethanol, or Propiscin as an alternative to tricaine methane sulphonate (MS 222) as a fish anaesthetic, particularly in regard to reducing fish stress. The biochemical blood profiles of perch Perca fluviatilis L. anaesthetized with either MS 222 (100 mg L-1), clove oil (33 mg L-1), 2-phenoxyethanol (0.40 ml L-1) or Propiscin (1.0 ml L-1), and a non-anesthetized control group were compared. Biochemical profiles were determined from blood samples collected prior to treatment in controls. For each anaesthetic tested, fish were divided into two groups, one sampled immediately after 10 min anaesthesia and a second, sampled 24 h after 10 min anaesthesia. The values determined in the present study suggested that internal organs and tissues of perch were slightly altered by MS 222, clove oil, and 2-phenoxyethanol anaesthesia, but not by Propiscin anaesthesia. 

Keywords: anaesthesia, tricaine methane sulphate, clove oil, 2-phenoxyethanol, Propiscin, Perca fluviatilis L.

1.
Introduction

The use of anti-stress agents is a common practice in modern aquaculture. Such substances are used to induce anaesthesia during handling and sorting, tagging, artificial reproduction procedures, and surgery, thus reducing stress-induced problems such as reductions in feeding and immune function (Ross and Ross 1999; Wagner et al., 2002; Pirhonen and Schreck 2003; Acerate et al., 2004; Roubach et al., 2005). Chemicals used in aquaculture are subject to strict control, particularly in regard to safety and efficacy (Taylor and Roberts 1999). The anaesthetics most commonly used in aquaculture are MS 222, benzocaine, quinaldine sulphate, methomidate, clove oil, and 2-phenoxyethanol (Velíšek et al., 2005a; Velíšek et al., 2005b; Velíšek et al., 2006; Velíšek et al., 2007). 

Currently, only the anaesthetic tricaine methane sulphonate (MS 222) is licensed for use on food fish in the US and the United Kingdom. However, many compounds (2-phenoxyethanol, clove oil, and Propiscin) have been evaluated experimentally, some of which are being used in non-food fish and in research (Woody et al., 2002; Small 2003; Coyle et al., 2004). The use of these products remains illegal on food fish under EEC Regulation 2377/90, as no maximum residue levels (MRL) have been established.

Tricaine methane sulphonate is an isomer of benzocaine with an additional sulphonate radical, making it more soluble but also more acidic in solution (Bourne 1984; Brown 1993; Cho and Heath 2000; Bystriansky et al., 2006; Congleton 2006). It is the most commonly used anaesthetic for fish (Marking and Meyer 1985). The recommended concentration for anaesthesia in perch is 100 mg L-1 water (Girard et al., 1998).

Clove oil is a dark-brown liquid, a distillate of flowers, stalks, and leaves of the clove tree Eugenia aromatica (Sato and Burhanuddin 1995). According to Isaacs (1983), and Keene et al. (1998), clove oil is distilled from stems, leaves and flower buds of Eugenia caryophyllata, and its active ingredient, eugenol (4-allyl-2-methoxyphenol), makes up 85% of the oil by weight. Eugenol is used as an anaesthetic in human medicine and dentistry and is approved for use as a topical anaesthetic for use on humans by the US Federal Drug Administration (FDA) (Nagababu and Lakshmaiah 1992; Sato and Burhanuddin 1995). Although not approved specifically for use as a fish anaesthetic in the US, clove oil has been affirmed Generally Recognized as Safe (GRAS) and can be added directly to human food (FDA 2002). The recommended concentration for anaesthesia of perch is 33 mg L-1 water (Hamáčková et al., 2001).

Ethylene glycol monophenyl ether (2-phenoxyethanol) is used in the Czech Republic for short-term immobilization of fish before artificial spawning and whenever fish are handled out of water (Velíšek and Svobodová 2004a; Velíšek and Svobodová 2004b, Velíšek et al. 2007). The recommended concentration for use during artificial propagation of perch is 0.40 ml L-1 water (Hamáčková et al. 2001).

Propiscin was developed at the Inland Fisheries Institute in Poland and is commonly used for immobilization of fish in that country (Hajek and Kłyszejko 2004). The active ingredient is Etomidate [Etomidate (+)-Ethyl 1-(a-methylbenzyl) imidazole-5-carboxylate], which is commonly used to anaesthetize fish (Limsuwan et al., 1983; Plumb et al., 1983; Vermeer and Falls 1988; Kazuń and Siwicki 2001). Propiscin has proved very successful, and can induce a short period of general anaesthesia which lasts about 30 min (Szkudlarek and Zakęś 1996; Hamáčková et al. 2001). The recommended concentration for anaesthesia of perch is 1.0 ml L-1 water (Hamáčková et al. 2001).

The characteristic struggling of fish during capture and handling affects physiology and behaviour, and, consequently, it is often necessary to immobilize fish prior to handling. Manipulation can elicit either acute or chronic stress responses, depending on the duration and the intensity of the stressor. Stress-related changes in blood chemistry occur within seconds or minutes of fish being disturbed (Mazeaud and Mazeaud 1981; Gingerich and Drottar 1989; Acerate et al. 2004). These include changes in plasma hormones, energy metabolism, and electrolyte balance. Many fish species respond to stress with elevation of circulating catecholamines and corticosteroids (Gingerich and Drottar 1989; Barton and Iwama 1991; Wendelaar Bonga 1997). These primary effects provoke secondary responses related to energy requirements, including increased blood glucose (Carmichael et al., 1984; Urbinati et al., 2004). 

While anaesthesia of fish can prevent biochemical and physiological disturbances due to stress, the drugs can induce undesirable affects, which are also reflected in biochemistry. The analysis of blood indices has also proved to be useful in the assessment and monitoring of the condition of aquatic organisms.The primary aim of this study was to compare the affects of MS 222, clove oil, 2-phenoxyethanol, and Propiscin (relative to non-anaesthetized controls) on the biochemical blood profile of perch (Perca fluviatilis L.) immediately following 10 min. anaesthesia and 24 h after 10 min anaesthesia.

2.
Materials and Methods

2.1.
Anaesthetics

MS 222 was purchased from Sigma-Aldrich Chemicals Ltd. The preparation clove oil (eugenol concentration 76%) is marketed by the Kulich Company (Jan Kulich, Hradec Kralove/Ricany, Czech Republic). The preparation 2-phenoxyethanol is marketed by the MERCK - Schucherd, 85 662 Hohenbrunn, Germany. Propiscin was supplied by the Division of Fish Pathology and Immunology at Zabieniec (Inland Fisheries Institute in Olsztyn, Poland).
2.2. Experimental procedure

For assessment of the biochemical profile of plasma, 90 perch (47.20 ± 8.50 g body weight and 136.20 ± 7.50 mm total body length) were used. During a 10-day acclimatization period food of the appropriate size was offered at a rate appropriate to maintain growth. All fish were starved for 24 h before the experiments. Water temperature was maintained at 20.0-20.2 °C throughout the experimental period, and fish were maintained at 12:12 light: dark times. Nine groups of 10 fish each were compared in this study: 

1. Control (no anaesthetic, blood sampled prior to the treatment of anaesthetised groups); 

2. Four groups with blood sampled immediately after 10 min anaesthesia and designated hereafter as: MS 222 (0h) (100 mg L-1), clove oil (0h) (33 mg L-1), 2-phenoxyethanol (0h) (0.40 ml L-1), or Propiscin (0h) (1.0 ml L-1);

3. Four groups with blood sampled 24 h after 10 min anaesthesia and designated hereafter as: MS 222 (24h), clove oil (24h), 2-phenoxyethanol (24h), and Propiscin (24h). 

Blood was withdrawn from caudal vessels using syringe 18G ( 1 ½,” with heparin as an anticoagulant (Heparin inj., Leciva, Czech Republic) at a concentration of 5000 I.U. heparin sodium salt in 1 ml. (Svobodová et al., 1991). Blood was centrifuged in a cooled centrifuge (4°C, 837 x g). The plasma was stored at -80 °C until analysis. 

2.3. Biochemical blood profile

Biochemical indices of plasma included glucose (GLU), total protein (TP), albumins (ALB), total globulins (GLOB), ammonia (NH3), triacylglycerols (TAG), aspartate aminotransferase (AST), alanin aminotransferase (ALT), gama-glutamyl-transpherase (GGT), lactate dehydrogenase (LDH), creatine kinase (CK), alkaline phosphatase (ALP), calcium (Ca2+), magnesium (Mg), and inorganic phosphate (PHOS). For the biochemical analysis of blood plasma, the VETTEST 8008 analyzer (IDEXX Laboratories Inc. USA) manufactured by Medisoft was used. The apparatus employs dry chemical technology and a colorimetric reaction. Sample analysis was carried out on selective testing discs (Multi-layer film slides, Kodak) with laser reading of the bar codes. 
Quality Assurance and Quality Control (QA/QC) measures were consistently applied within the experiment. The measurements were carried out according to validated standard operation procedures.

2.4. Statistic analysis

Statistical analysis was carried out using Statistica software 8.0 for Windows (StatSoft, Czech Republic). Data were first tested for normality (Kolmogorov–Smirnov test) and homoscedasticity of variance (Bartlett’s test). If those conditions were satisfied, two-way analysis of variance (ANOVA) was employed to determine if there were any significant differences in measured variables among control and experimental groups. When a difference was detected (P < 0.05), Tukey’s multiple comparison test was applied to identify which treatments were significantly different. If the conditions for ANOVA were not satisfied, the non-parametric Kruskal–Wallis test was used (Zar 1996).

3. Results

The biochemical profile of control and anaesthetized perch are given in Table 1.

The level of glucose was significantly (P<0.01) increased in MS 222 (0h), clove oil (0h), and 2-phenoxyethanol (0h) compared with controls (Fig. 1). The values showed no differences from controls in groups MS 222 (24h), clove oil (24h), and 2-phenoxyethanol (24h). No differences from controls in GLU levels were observed with in Propiscin (0h) or Propiscin (24h). 
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Figure 1. Effects of MS 222, clove oil, 2-phenoxyethanol and Propiscin anaesthesia on plasma glucose concentration in perch. All values are mean ± SD, n = 10. Different superscript letters indicate significant differences (P < 0.01) between groups. See text for description of experimental procedure.

Fish in MS 222 (0h) showed significantly higher (P<0.01) concentration of ammonia compared with the control group and with all other treatments. The concentration of NH3 was similar to control levels in MS 222 (24h). Clove oil (0h), 2-phenoxyethanol (0h), and Propiscin (0h) showed no difference from controls in levels of NH3.

Activity of LDH was not different from controls in MS 222 (0h), 2-phenoxyethanol (0h) and Propiscin (0h). Clove oil (24h) showed significantly lower activity of LDH (P<0.01) compared with the control group and all other treatments.
The activity of CK was not significantly different from controls in MS 222 (0h), clove oil (0h), or Propiscin (0h). It was significantly increased (P<0.01) in 2-phenoxyethanol (24h) compared with the control group and all other treatments.

Table 1. Effects of MS222, clove oil, 2-phenoxyethanol and Propiscin anaesthesia on biochemical indices of blood plasma in perch.
	Indices
	Control 
	MS222 

(0 h)
	Clove oil

(0 h)
	2-phenoxyethanol

(0 h)
	Propiscin

(0 h)

	TP (g L-1)
	37.86 ± 10.0a
	41.71± 3.77a
	41.57 ± 3.74a
	44.71 ± 8.50a
	44.43 ± 3.66a

	ALB (g L-1)
	0.86 ± 0.60a
	2.43 ± 1.76a
	3.0 ± 1.31a
	2.57 ± 1.76a
	2.86 ± 1.73a

	GLOB (g L-1)
	37.0 ± 9.73a
	39.29 ± 2.25a
	38.29 ± 2.60a
	39.29 ± 4.65a
	41.57 ± 2.32a

	NH3 ((mol L-1)
	240.4 ±60.9a
	557.1 ± 159.9b
	299.9 ± 96.9a
	319.9 ± 83.9a
	300.3 ± 58.5a

	TAG (mmol L-1)
	3.17 ± 1.12a
	3.40 ± 0.76a
	2.94 ± 1.19a
	3.09 ± 0.69a
	2.68 ± 0.65a

	AST ((kat L-1)
	2.69 ± 0.90a
	1.44 ± 0.44a
	1.67 ± 0.18a
	2.40 ± 0.94a
	1.52 ± 1.12a

	ALT ((kat L-1)
	0.68 ± 0.33a
	0.52 ± 0.18a
	0.60 ± 0.33a
	0.83 ± 0.54a
	0.55 ± 0.10a

	GGT ((kat L-1)
	0.10 ± 0.05a
	0.11 ± 0.03a
	0.12 ± 0.02a
	0.10 ± 0.03a
	0.11 ± 0.03a

	LDH ((kat L-1)
	18.47 ± 2.66a
	18.77 ± 1.10a
	17.23 ± 3.64a
	18.62 ± 0.83a
	18.08 ± 0.75a

	CK ((kat L-1)
	15.03 ± 1.10a
	15.76 ± 0.81a
	15.21 ± 0.95a
	16.16 ± 0.84a
	16.38 ± 0.52a

	Ca2+ (mmol L-1)
	2.68 ± 0.36a
	2.74 ± 0.21a
	2.60 ± 0.18a
	2.60 ± 0.15a
	2.83 ± 0.17a

	Mg (mmol L-1)
	1.02 ± 0.21a
	0.97 ± 0.10a
	0.95 ± 0.03a
	1.05 ± 0.12a
	0.99 ± 0.14a

	PHOS (mmol L-1)
	3.58 ± 0.64a
	3.66 ± 0.50a
	3.19 ± 0.50a
	5.87 ± 0.58b
	3.62 ± 0.38a


	Indices
	MS222

(24h)
	Clove oil

(24h)
	2-phenoxyethanol

(24h)
	Propiscin

(24h)

	TP (g L-1)
	41.43 ± 4.24a
	43.0 ± 3.02a
	44.57 ± 4.84a
	44.0 ± 1.31a

	ALB (g L-1)
	2.57 ± 1.50a
	2.14 ± 1.12a
	3.29 ± 2.25a
	2.14 ± 0.64a

	GLOB (g L-1)
	38.86 ± 2.47a
	40.17 ± 3.06a
	41.29 ± 3.28a
	41.71 ± 1.16a

	NH3 ((mol L-1)
	220.9 ± 109.2a
	201.0 ± 82.1a
	209.3 ± 69.5a
	240.9 ± 46.1a

	TAG (mmol L-1)
	3.07 ± 0.97a
	2.57 ± 1.17a
	2.90 ± 0.67a
	3.12 ± 0.70a

	AST ((kat L-1)
	1.70 ± 1.13a
	1.15 ± 0.56a
	1.45 ± 0.71a
	1.10 ± 0.49a

	ALT ((kat L-1)
	0.43 ± 0.14a
	0.42 ± 0.10a
	0.53 ± 0.14a
	0.47± 0.06a

	GGT ((kat L-1)
	0.11 ± 0.04a
	0.10 ± 0.02a
	0.12± 0.03a
	0.11± 0.02a

	LDH ((kat L-1)
	16.49 ± 2.49a
	11.66 ± 2.09b
	17.25 ± 2.55a
	17.65 ± 0.76a

	CK ((kat L-1)
	16.23 ± 0.64a
	16.75 ± 0.47a
	21.53 ± 1.03b
	17.08 ± 0.89a

	Ca2+ (mmol L-1)
	2.69 ± 0.07a
	2.60 ± 0.25a
	2.71 ± 0.17a
	2.66 ± 0.03a

	Mg (mmol L-1)
	0.94 ± 0.06a
	0.86 ± 0.06a
	0.93 ± 0.10a
	0.94 ± 0.07a

	PHOS (mmol L-1)
	3.16 ± 0.51a
	3.12 ± 019a
	3.23 ± 0.27a
	3.07± 0.24a


.
Different superscript letters indicate significant (P < 0.01) differences between groups.

All values are mean ± SD, n = 10. See text for description of experimental procedure

The activity of ALP (Fig. 2) was significantly increased (P<0.01) in 2-phenoxyethanol (0h) and in 2-phenoxyethanol (24h) compared with the control group. The activity of ALP was also significantly (P<0.01) higher in MS 222 (24h) and clove oil (24h). Neither Propiscin 0h or 24h showed differences in activity of ALP. 
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Figure 2. Effects of MS 222, clove oil, 2-phenoxyethanol and Propiscin anaesthesia on plasma alkaline phosphatase activity in perch. All values are mean ± SD, n = 10. Different superscript letters indicate significant differences (P < 0.01) between groups. See text for description of experimental procedure.

2-phenoxyethanol (0h) showed significantly higher (P<0.01) PHOS levels compared with the control group and with all other treatments. The concentration of PHOS in 2-phenoxyethanol (24h) showed no differences. No differences in PHOS levels were found among the 0h or 24 h groups for MS 222, clove oil, or Propiscin and the controls.


Neither MS 222 (0h) nor (24h) showed levels of TP, ALB, GLOB, TAG, AST, ALT, GGT, LDH, CK, Ca2+, Mg and PHOS different from controls. Clove oil (0h) and (24h) showed no differences in TP, ALB, GLOB, NH3, TAG, AST, ALT, GGT, CK, Ca2+, Mg and PHOS. The 2-phenoxyethanol (0h) and (24h) showed no differences in the biochemical indices: TP, ALB, GLOB, NH3, TAG, AST, ALT, GGT, LDH, Ca2+ and Mg. No differences were found in Propiscin (0h) and (24h) in levels of GLU, TP, ALB, GLOB, NH3, TAG, AST, ALT, GGT, LDH, CK, ALP, Ca2+, Mg and PHOS. 

There were no mortalities in the study.

4. Discussion

Anaesthetics are necessary for many procedures in aquaculture. Because species may differ widely in their response to anaesthetics, screening of their use is necessary. 

The analysis of blood parameters is one of the most valuable methods of anaesthetics evaluation, since it has been shown that the physiological effects of anaesthetics are species-specific and age-dependent (Anver Celik 2004). The environments in which fish live, and the conditions governing them, influence the metabolites in blood (Bullis 1993). The biochemical profile can provide important information about the internal environment of the organism (Masopust 2000; Anver Celik 2004; Wagner and Congleton 2004). 

To our knowledge, no other data on blood biochemical profiles in perch anaesthetized with MS 222, clove oil, 2-phenoxyethanol or Propiscin are available in the literature. In our experiments, the concentration of glucose was significantly higher (P<0.01) immediately after 10 min anaesthesia with MS 222, clove oil and 2-phenoxyethanol compared to that in the control fish. In experimental fish tested 24 h after anaesthesia, the values were similar to controls. On the hand, 10 min anaesthesia with Propiscin did not appear to affect the level of GLU. The increased in blood GLU concentration demonstrated the response of exposed fish to metabolic stress (Barton and Iwama 1991; Wendelaar Bonga 1997). Rapid increases in plasma glucose are mediated by the release of catecholamines, which increase (presumably in response to the hypoxia caused by cessation of respiration) in the plasma of anaesthetized fish (Gingerich and Drottar1989; Iwama et al., 1989). Our findings agree with those of Holloway et al., (2004) and Velíšek et al. (2005a) who also detected an increase in glucose concentration in rainbow trout (Oncorhynchus mykiss) following clove oil anaesthesia. Ortuno et al., (2002) reported an increase of glucose in Sparus aurata anaesthetized with 2-phenoxyethanol. Relatively large increases in plasma glucose have been reported for several species of marine fish exposed to 80-100 mg L-1 MS 222 (Bourne 1984; Thomas and Robertson 1991). On the other hand, Iversen et al. (2003) found no change in the concentration of glucose in Atlantic salmon (Salmo salar) following clove oil anaesthesia. Velíšek and Svobodová (2004a) and Velíšek et al. (2007) also found no change in the concentration of glucose in common carp (Cyprinus carpio L.) and European catfish (Silurus glanis) following 2-phenoxyethanol (0.30 ml L-1) anaesthesia.

After 10 min anaesthesia with MS 222, the concentration of ammonia was significantly increased (P<0.01) compared with the control group and with all other treatments in this study. The levels in fish tested 24 h post anaesthesia were similar to controls. Elevated levels of NH3 in blood indicate an increase in protein catabolism and/or some disturbances in NH3 removal (Svoboda 2001). The 10 min anaesthesia with clove oil (33 mg L-1), 2-phenoxyethanol (0.40 ml L-1) and Propiscin (1.0 ml L-1) did not effect the concentration of NH3. These findings agree with those of Velíšek and Svobodová (2004a,b), Velíšek et al. (2005a,b; 2006; 2007) who found no change in the concentration of NH3 in rainbow trout, common carp, and European catfish following clove oil (30 mg L-1) and 2-phenoxyethanol (0.30 ml L-1) anaesthesia.

The activity of enzymes in blood plasma can also be a stress indicator. The enzymes analyzed for this purpose are LDH, CK, and the transaminases (ALT and AST). A significant increase in the activity of the above mentioned enzymes indicates tissue damage, which may be stress-induced (Svoboda 2001). The activity of creatine kinase was significantly higher (P<0.01) 24 h post anaesthesia with 2-phenoxyethanol (0.40 ml L-1) compared with the control group and all other treatments. 

The activity of lactate dehydrogenase was significantly lower (P<0.01) 24 h post anaesthesia with clove oil. Decreased activity of LDH indicated metabolic changes, i.e. glycogen catabolism and glucose shift towards the formation of lactate in stressed fish, primarily in the muscle tissue (Simon et al., 1983). Velíšek and Svobodová (2004a,b) and Velíšek et al. (2007) found no changes in the activity of LDH and CK in rainbow trout, common carp, and European catfish with 2-phenoxyethanol (0.30 ml L-1) anaesthesia.

The activity of ALP significantly increased (P<0.01) immediately after 10 min anaesthesia with 2-phenoxyethanol (0.40 ml L-1) compared with the control group. A significantly increased (P<0.01) activity of ALP was also found in the group tested 24 h post anaesthesia with 2-phenoxyethanol. The activity of ALP was also significantly (P<0.01) increased in fish tested 24 h post anaesthesia with MS 222 and clove oil. The source of ALP included synthesis in the intestinal epithelium, kidney and liver and is often increased in response to a biliary obstruction (Folmar 1993).

The concentration of inorganic phosphate was significantly increased (P<0.01) immediately after 10 min anaesthesia with 2-phenoxyethanol (0.40 ml L-1) compared with the control group and all other treatments. The concentration of PHOS was not different from controls in any group tested at 24 h post anaesthesia. These findings do not agree with those of Velíšek and Svobodová (2004a,b) and Velíšek et al. (2007) who found no change in the concentration of PHOS in rainbow trout, common carp and European catfish following 2-phenoxyethanol (0.30 ml L-1) anaesthesia. The higher concentration of PHOS could be linked to redistribution of electrolytes between intra- and extra-cellular compartments and/or impairment of renal function. Anaesthesia with MS 222, clove oil, and Propiscin did not appear to effect concentration of PHOS. These findings are in agreement with results of Velíšek et al. (2005a; 2006) who found no change in the concentration of PHOS in rainbow trout and European catfish following clove oil (30 mg L-1) anaesthesia. Conversely, Velíšek et al. (2005b) found an increase in the concentration of PHOS in common carp in response to clove oil (30 mg L-1) anaesthesia.

Results of the present study suggest that internal organs and tissues of perch are not altered by Propiscin anaesthesia, while internal organs and tissues of perch are slightly affected by MS 222, clove oil, and 2-phenoxyethanol anaesthesia. Although, on the basis of this experiment, it seems that Propiscin would be preferable to MS 222, it should be remembered that the final choice of anaesthetic must take account of legislation, availability, cost-effectiveness, ease of use, and safety for the user and the environment.

Furthermore, as clove oil, 2-phenoxyethanol and Propiscin are not approved for use on food fish; we do not advocate its use on any fish until MRL (EEC Regulation 2377/90) standards are determined and proper licensing is acquired.
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Abstract

In our study, different doses of two hormonal preparations containing GnRHa with metoclopramide (Dagin) and without (Supergestran) were tested for successful induction of ovulation in perch.

Keywords: perch, induction, ovulation, GnRHa, metoclopramide

1.
Introduction

Hormonally induced ovulation is one possibility for controlled reproduction in perch (Dabrowski et al., 1994). Artificial propagations using different hormones were studied in perch (Dabrowski et al., 1994; Kouril et al., 1997; Kucharczyk et al., 1998). Nevertheless, this kind of treatment for inducing ovulation is still not a common practice in perch (Kouril and Linhart, 1997). The aim of our study was to use hormonal preparations containing GnRHa with metoclopramide (Dagin) and without (Supergestran) and find their optimal doses for inducing of ovulation in perch.

2.
Material and methods

In total, 11 treatment groups (each group = 20 mature females) were used in duplicates for this study. Groups S1, S2, S3, S4 and S5 were treated with Supergestran (at the respective doses: 6.25, 12.5, 25, 50, 100 µg GnRHa.kg-1 BW) and groups D1, D2, D3, D4 and D5 with Dagin (at the respective doses: 3.12+6.24, 6.25+12.5, 12.5+25, 25+50, 50+100 µg GnRHa + mg metoclopramide.kg-1 BW). In addition, the control group was treated with physiological saline. The mature females (total n.=220: TL=240.5±24.5mm, BW=223.7±83.0g and GSI=28.6±3.5%) were injected intramuscularly and kept under the same conditions (t=15.0±0.1°C). All doses were applied in the same quantity (2 ml.kg-1 BW).  After ovulation, latency, synchronization of ovulation, fecundity and hatching rate were recorded in each female. Realized values were compared among all groups by ANOVA, Tucky’s multiple comparison test (P< 0.05).

3.
Results and discusion

Five days after injection, 165 (75 %) females spawned from all treatments. In general, treated females with higher hormonal doses had significantly (P< 0.05) shorter latency (74.1 – 74.6 h) compared to those treated with lower doses (83.9 – 91.4 h). The longest latency (137.3 h) was found in control group. Similar results were found by Kouril et al. (1997). The best synchronization was evident in groups S5, S4 a D3, where 100% females spawned during three days. Synchronized spawning was observed by Kucharczyk et al. (1998) in perch treated by similar hormonal doses. The fecundity did not differ significantly among groups. Average fecundity was 135.2 ± 77.5 103 eggs.kg-1 BW from all groups. Similar results were presented by Kouril and Hamackova (1997) with lower fecundity (102.1± 49.5 103 eggs. kg-1 BW). After egg incubation, low hatching rate was found in all groups. The lowest hatching rate was evident in groups D4 and D5 (15.0±3.0 %) compared to higher rate in others groups (fluctuated from 33.2±5.8 % to 47.5±3.0 %). Before major hormonal injection, Dabrowski et al. (1994) recommend using more elaborate priming procedure for female perch to increase embryo surviving rate.

4.
Conclusion

High doses of Supergestran (100 and 50 µg GnRHa.kg-1 BW) and medium dose of Dagin (12.5 µg GnRHa+25mg metoclopramide.kg-1 BW) were found to be the most potent treatment for inducing ovulation in perch. However, their practical use must be tested during mass propagation of perch in future
Acknowledgements

This study was supported by projects: no. COOP-CT-2004, 512629; no.  MSM6007665809; no. NAZV QF 4118 and no. NAZV QH 71305.

References

Dabrowski, K., Ciereszko, A., Ramseyer, L., Culver, D., Kestemont, P., 1994. Effect of hormonal treatment on induced spermiation and ovulation in the yellow perch (Perca flavescens). Aquaculture 120, 171-180.

Kouril, J., Linhart, O., 1997. Temperature effect on hormonally induced spawning in perch (Perca fluviatilis). Polish Archives of Hydrobiology 44, 197-202.

Kouril, J., Linhart, O., Relot, P., 1997. Induced spawning of perch by means of a GnRH analogue. Aquaculture International 5, 375-377.

Kouril, J., Hamackova, J., 1999. Artificial propagation of European perch (Perca fluviatilis) by means of a GnRH analogue. Czech Journal of Animal Science 44, 309-316.

Kucharczyk, D., Kujawa, R., Mamcarz, A., Skrzypczak, A., 1998. Induced spawning in perch, Perca fluviatilis L., using FSH + LH with pimozide or metoclopramide. Aquaculture Research 29, 131-136.
Chapter 4

Dynamics of ATP and movement in Eurasian Perch Perca fluviatilis L. sperm in conditions of decreasing osmolality

Boryshpolets, S., Dzyuba, B.B., Stejskal, V., Linhart, O., Dynamics of ATP and movement in Eurasian Perch Perca fluviatilis L. sperm in conditions of decreasing osmolality. Theriogeneology (submited)
Dynamics of ATP and movement in Eurasian Perch Perca fluviatilis L. sperm in conditions of decreasing osmolality

S. Boryshpolets1, B. Dzyuba1, V. Stejskal1, O. Linhart1

1University of South Bohemia, Research Institute of Fish Culture and Hydrobiology, Vodňany, Czech Republic

Abstract

Repetitive activation of perch sperm motility was investigated in this study. The first phase of sperm motility activation was initiated by dilution in a 260mM glucose solution (75% motility). The second phase of motility was achieved by adding water to previously activated sperm, so that the glucose concentration dropped to 220mM (24% motility). Finally, the third phase was obtained by adding further water (down to 90 mM glucose) to the activated sperm suspension (15% motility). Parallel, measurements of sperm ATP content were also made. The median value for non-activated sperm was 43.9 nmol ATP/109 spermatozoa. The ATP concentration decreased significantly from 35 to 7 nmol ATP/109 spermatozoa after successive activations of motility in the above glucose solutions. Sperm velocity ranged in value from 25 to 330 µm/sec at 10 sec post activation, from 10 to 290 µm/sec at 30 sec and from 0 to 200 µm/sec at 45 sec. A model postulating several classes in the population of spermatozoa is developed, tentatively accounting for such successive activation. Possible further application of multiple sperm activation is discussed.

Keywords: ATP, Sperm motility, Osmotic pressure, Fish, Eurasian perch, Fish biology. 

1.
Introduction 

Eurasian Perch Perca fluviatilis L. is a new and promising aquaculture species for European countries (Mélard et al., 1996). Whilst an understanding of the mechanisms of sperm movement activation is an essential link in the development of methods for artificial reproduction in fish, the bioenergetic metabolic pathways of sperm movement have been insufficiently studied and there is a need for additional studies in this field (Ingermann, 2008). 

Motility of spermatozoa is sustained by ATP hydrolysis catalyzed by dynein ATPases which is coupled to the sliding of adjacent microtubules leading to the generation of flagellar beating (Gibbons, 1968). It is clear that fish sperm utilize the energy of macroergic phosphates accumulated in the middle piece of spermatozoa (ATP and other energetic compounds are distributed the whole length of the flagellum as dyneins are present all along the length) and processes of their accumulation and hydrolysis during motility phases may be species specific (Ingermann, 2008). Perch spermatozoa, as well as those of other freshwater fishes, are activated for a short period right after their transfer into a hypotonic environment (Lanhsteiner et al., 1995; Alavi et al., 2007). The significant dependence of perch sperm velocity and percentage motility on the osmolality of activating media (Alavi et al., 2007) suggests that several sperm populations coexist within the same sample, each population requiring specific conditions for its motility activation. For freshwater fish it has been shown that during sperm movement in hypotonic conditions, a reduction of the ATP concentration (Perchec et al., 1995) and a rise in the sperm cell volume (Perchec-Poupard et al., 1997; Dzuba et al., 2001) are observed due to water penetration into a spermatozoon from the hypotonic environment, but the dynamics of ATP concentrations during the motility activation phase are not completely understood. Some observations of a rise of sperm ATP concentrations within several seconds after dilution in activating medium have been reported (Dzuba and Cherepanov 1992; Cherepanov, 2003). The characteristics of ATP expenditure during the motility period of perch spermatozoa have remained unstudied. 
Our working hypothesis is that gradual reduction of the osmotic pressure (osmolality) of the activating solution may positively affect the duration of sperm movement due to the decrease in the rate of ATP expenditure and this feature may in turn be used for developing effective methods for artificial reproduction of this species. Therefore our present research aim was to study the dynamics of ATP content and sperm movement parameters in conditions of gradual reduction of osmotic pressure of the activating solution.

2.
Materials and methods 

2.1. Collection of sperm samples 
Mature Eurasian perch Perca fluviatilis L. males were kept in laboratory aquatic system. Spermatozoa from 16 males were collected into syringes after gentle abdominal massage during the natural spawning period. Care was taken to avoid sperm contamination by urine. Samples were stored in an icebox during the experiments. 
2.2. Sperm concentration measurements 
Spermatozoa were diluted in physiological saline in 1:2000 (sperm: saline) ratio. Sperm concentration was calculated after counting the number of spermatozoa in 12 cells of a Burker haemocytometer at X 200 magnification by Olympus BX 50 phase contrast microscope. 
2.3. Osmolality measurements
Osmolalities of seminal fluid and the activating media used were measured by Vapor pressure osmometer 5520 (Wescor, USA). Osmolality of seminal fluid was measured in sperm supernatants resulting from fresh sperm centrifugation at 10000g for 10 min.
2.4. Analysis of sperm motility 
Sperm motility was recorded after activation using a 3CCD video camera (SONY DXC-970MD, Japan) mounted upon both dark field and phase contrast microscopes (Olympus BX 50). Video recordings were performed by video recorder (Sony SVHS, SVO-9500 MDP, Japan). Video records from dark field microscope with stroboscopic light were analyzed to estimate average sperm velocity (μm/sec) while records from the phase contrast microscope were used to estimate the percentage of motility. To compute average sperm velocity, five successive frames were analyzed by a micro image analyzer (Olympus Micro Image 4.0.1. for Windows). Spermatozoa with velocity less than 3 μm/sec were considered as immotile and were omitted from calculation of motile spermatozoa. Sperm motility and velocity were measured after 10 sec of sperm dilution in activating media according to experiments described in section “Experiment descriptions”.
2.5. Measurement of ATP content 
Sperm samples were added to boiling extraction medium, which stops changes in the ATP content changes and extracts ATP from the cells. Composition of boiling extraction medium was 100mM Tris- HCl, pH 7.75 and 4mM EDTA. 

Samples of sperm suspension in boiling media (boiled 2 min at 100°C) were subsequently centrifuged at 15000g for 15 min using a Heraeus Model 400-R centrifuge (Hanau, Germany). Supernatants were pipetted into 2ml sterile vials, and kept at - 18°C before analyses were performed. ATP content in the supernatants was evaluated by bioluminescence, using a Bioluminescence Assay Kit CLS II. Luminescence was read with a luminometer (Berthold Analytical, Munich, Germany). ATP content was assessed by calibration as recommended in the kit manual and sperm density parameters. ATP content was expressed as nmol ATP/109spermatozoa.
2.6. Experimental designs
2.6.1. Pilot study of repeated sperm motility activation by gradually decreasing the osmolality of the activating medium 
Fresh spermatozoa (2 (l) were diluted into 4 ml of the activating solution under test and after rapid mixing (first activation) 10 (l of suspension was placed on a glass slide under the microscope to visualize the motility. Osmolality of the activating solutions under test was within the limits of 150-290 mОsm/kg. The solutions with various osmolalities were obtained by diluting 300 mM glucose solution, which is non-activating for perch spermatozoa (Rodina et al., 2008). After termination of movement (45 sec after activation) 0.1 - 1 ml of distilled water (second activation of sperm motility) was added and after rapid mixing the motility was once again analyzed. After termination of sperm movement 4-8 ml of distilled water (third activation of motility) was added. As a result it was found that first activation with 260 mОsm/kg solution and second and third activations were possible. The ratio of sperm suspension volumes obtained in previous dilutions with distilled water being 1:0.2 and 1:1.7 at second and third activation, correspondingly allowed the maximum motility percentage to be obtained. The mean osmolality values of media used in experiments were 260±5mOsm/kg, 223±1 mOsm/kg and 92±3 mOsm/kg (mean±sd, n=6) for first, second and third activation correspondingly.
2.6.2. Percentage motility of perch spermatozoa in activation media of 90, 220 and 260 mOsm/kg
Fresh spermatozoa (2 (l) were diluted into 4 ml of activating solution (90, 220 and 260 mOsm/kg) and after rapid mixing (first activation) 10 (l of suspension was placed on a glass slide under the microscope to measure motility percentage (Fig. 1).
2.6.3. Velocity of sperm in the model of multiple activation of movement when using gradual reduction of osmolality of activating solution 
At the beginning of the study 10 (l of 90 mOsm/kg glucose activating medium was placed on a glass slide under the microscope, whereupon using the tip of a dissecting needle the spermatozoa were introduced and were thoroughly mixed. Sperm velocity was recorded for analysis at 10, 30 and 45 sec post-activation (Fig.2A). Such simple control of one step activation was used for comparison with multiple activation (Fig.2B). 

Based on the results of the pilot study (2.6.1.) of multiple activation of movement for performing the further studies, the following procedure for three-step activation was used: 10 (l activating medium (260 mOsm/kg) was placed on a glass slide under the microscope, whereupon using the tip of a dissecting needle the spermatozoa were introduced and thoroughly mixed (first activation). Forty five sec after motility activation 2 (l of distilled water was added to the suspension with reduction of osmolality to 220mOsmol/kg (second activation) and again 45 sec later (at 90 sec after first activation) an additional 20 (l of distilled water was added with final reduction of osmlolality to 90 mOsmol/kg (third activation). Recorded velocity of sperm in first, second and third activation were analysed at 10, 30 and 45 sec post activation (Fig.2B). 

2.6.4. Sperm motility in the model of multiple activation of movement when using gradual reduction of osmolality of activating solution 
Ten (l activating medium osmolality 260 mOsm/kg was placed on a glass slide under the microscope, whereupon using the tip of a dissecting needle the spermatozoa were introduced and thoroughly mixed and the percentage movement was measured at 10 sec post activation. Later at 45 sec when sperm movement had ceased, 2 µl of distilled water were added to decrease osmolality down to 220 mOsm/kg and the second motility phase was initiated and analyzed at 55 sec post initial activation. Again 45 sec later when sperm movement ceased, 20 µl of distilled water was added. Osmolality finally decreased down to 90 mOsm/kg. The third motility phase was initiated and percentage of motility was measured at 100 sec post initial activation (Fig.3). 
2.6.5. Measurement of ATP content in sperm before and after activation in different conditions of activation
1) Non activated spermatozoa

To estimate ATP level in non-activated spermatozoa, 2 µl of sperm suspension were added to 5 ml boiling extraction medium and processed as described above.
2) Spermatozoa activated in 90 mOsm/kg activating medium

Twenty µl of semen was activated by mixing with 5 ml of 90 mOsm/kg activating medium. Then at 10, 30, 45, 55, 60, 90, 135 sec post activation, 0.5 ml of sperm suspension were added to 5 ml boiling extraction medium and samples were processed for ATP content measurements. 
3) Sperm activated in media of 260 mOsm/kg osmolality with following second activation 

Twenty µl of semen was activated by mixing with 5 ml of 260 mOsm/kg activating media. Then at 10, 30, 45 sec post activation 0.5 ml of suspension were added to 5 ml boiling extraction medium. After 45 sec of post activation 1 ml of distilled water was added (to initiate second activation) and then at 55, 75, 90, 120 and 135 sec after first activation 0.5 ml of suspension were added to 5 ml boiling extraction medium and samples was processed for ATP content measurement.
4) Spermatozoa activated in media of 260 Osm/kg osmolality with following second and third activation (model of multiple activation of movement)
Twenty µl of semen was activated by mixing with 5 ml of 260 mOsm/kg activating media. Then at 10, 30 and 45 sec post activation 0.5 ml of suspension were added to 5 ml boiling extraction medium. After 45 sec of post activation 1ml of distilled water was added (to initiate second activation) and at 55, 75 and 90 sec post activation 0.5 ml of suspension were added to 5 ml boiling extraction medium. 90 sec after activation 10 ml of distilled water was added (to initiate third activation) and at 100, 120 and 135 sec post activation 0.5 ml of suspension were added to 5 ml boiling extraction medium and samples was processed for ATP content measurements.
2.7. Data presentation and statistical analysis
The distribution characteristics and homogeneity of dispersion results were evaluated using Shapiro-Wilk’s and Levene tests, correspondingly. For normally distributed values (percentage of motility in media of different osmolarities, osmotic pressures of seminal fluids and activating media used) results are presented as mean ± standard deviation. For not normally distributed values (percentage of motile spermatozoa, sperm velocity and ATP content during multiple activation) results are presented in figures as box and whisker plots. These plots contain the values of median, 25 and 75 percentiles (“box”), minimal and maximal ranges (“whiskers”). For multiple comparative procedures the Kruskal- Wallis test was used with following consideration of the significance of differences between the groups by means of Mann-Whitney U-test with Bonferroni correction (p < 0.025 were considered to be significant). To represent the results as box and whisker plots, and for calculation of the above mentioned tests of the significant differences between the groups, Statistica (V6.0, Statsoft UK, Herts, UK) software was used.

To represent the correlation between osmolality and median value of final content of ATP at the end of sperm movement after first second and third activations in the model of multiple activation the equation of linear regression with confidence coefficient (R2) was calculated using Microsoft Office Excel.
3.
Results

3.1. Pilot study 
The osmolality of perch seminal fluid, in which spermatozoa were not active, was 298±12 mOsm/kg (mean±sd, n=9), however, it was established that repeated activation of movement is possible only if the osmolality of the first activating solution was above 200mOsm/kg. The increase in osmolality above 260 mOsm/kg resulted in a partial activation of the sperm population. The medium with an osmolality of 280 mOsm/kg had activating effects only in a very low proportion of the sperm samples. The consequence of using activating media with osmolalities of 260, 220 and 90 mOsm/kg resulted in the sequential activation of sperm movement and we decided to apply exactly this protocol as the model of multiple activation of movement in our studies.
3.2. Percentage motility of perch spermatozoa in activation media of 90, 220 and 260 mOsm/kg
The results of initial percentage motility in activating solutions of different osmolalities are presented in Fig 1. The percentage of motile spermatozoa at 10 sec of motility significantly increased with decreased activation media osmolality. The highest percentage of motile spermatozoa (95%) was observed at 90 mOsm/kg. Use of 260 and 220 mOsm activators resulted in sperm activation with motility percentage of 75 and 90 percent (mean values) respectively. As soon as the highest motility percentage was observed in medium of 90 mOsm/kg, the average sperm velocities at different pos-activation time were measured and results are presented in Fig 2A. Velocity of spermatozoa varied across a wide range (10-330 µm/sec at 10 sec, 5-170 µm/sec at 30 sec and 0-10 µm/sec at 45 sec post activation), showing a sharp significant decrease within first 45 seconds of motility.
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Figure 1. Percentage of motile perch spermatozoa (mean ± standard deviation) in different osmolalities of activation media. Values with different superscript are significantly different (p<0,001, Mann-Whitney test, n=6).
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Figure 2. Perch sperm average velocity during motility activation by media 90 mOsm (A) and in the model of multiple activation (B).

Arrow 1 – activation in 260 mOsm/kg (first activation)

Arrow 2 - distilled water was added to decrease osmolality down to 220 mOsm/kg (second activation)

Arrow 3 - distilled water was added down to 90 mOsm/kg (third motility phase)

Values with the same superscript are not significantly different (p>0,005, Mann-Whitney test, number of sperm analyzed =34-325, n=10). Min- Max – the level of minimal and maximal value, 25%-75% - the value of 25 and 75 percentiles correspondingly. 
3.3. Velocity of spermatozoa and percentage motility in the model of multiple activation of movement when using gradual reduction of osmolality of activating solution 
Velocity of spermatozoa in the multiple activation model varied across a wide range (25-330 µm/sec at 10 sec, 10-290 µm/sec at 30 sec and 0-200 µm/sec at 45 sec post activation) and was significantly dependent on activator osmolality. No significant difference was found for sperm velocity median value at 10th sec of motility between samples activated in 90 and 260 mOsm/kg (first activation) and second activation (Fig.2B, 55 sec) while a significant decrease was observed for this value in case of the third activation (Fig.2B,100 sec).

Percentages of motile spermatozoa in the model of multiple activation multiple activation are presented in Fig.3, showing the significant decrease of median percentage value from 75% down to 24% and 15% for first, second and third activations correspondingly. The values of motility percentages shown in Fig.3 correspond with the points of 10, 55 and 100 sec on Fig.2B.
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Figure 3. Perch sperm percentage motility at different stages in the multiple activation model. Sperm motility was initiated in activating medium osmolality 260 mOsm/kg (arrow 1), percentage was measured at 10 sec of motility; 45 sec later (after first motility phase stop) distilled water was added to decrease osmolality down to 220 mOsm/kg (arrow 2) and the second motility phase was initiated, percentage of the second phase of motility was measured at 50 sec of experiment; 45 sec later (after the second motility phase stop) distilled water was added down to 90 mOsm/kg (arrow 3) and the third motility phase was initiated, percentage of the third phase of motility was measured at 100 sec of experiment. Min-Max – the level of minimal and maximal value, 25%-75% - the value of 25 and 75 percentiles correspondingly. Values with different superscript are significantly different (p<0,025, Mann-Whitney test, n=10).

3.4. Measurement of ATP content in sperm before and after activation in different conditions of activation
The values of ATP content in activated perch spermatozoa in 90 mOsm/kg activating medium and in spermatozoa activated in media of 260 mOsm/kg osmolality following second and third activations are presented in Fig 4. The median value of ATP content in non-activated spermatozoa was 43.9 nmol ATP/109 spermatozoa (Fig.4, activation time “0”) while after motility activation it decreased down to 25-35 nmol ATP/109 spermatozoa and at the end of motility, it shifted down to 8-21 nmol ATP/109 spermatozoa. These values were dependent on post activation time and activation media used. Within 10 sec of motility activation, a significant decrease in sperm ATP content was observed and the osmolality of media used for first activation had a significant positive influence on ATP level. A significant median ATP level decrease was observed after 30 sec of motility in both conditions of the first phase of motility activation. During the second phase of sperm motility activation in 260 mOsm/kg, the ATP level was significantly higher than at any post-activation time in comparison with those for sperm activated in osmolality 90 mOsm/kg. After the third phase of motility activation, when osmolality of activating media was gradually decreased down to 90 mOsm/kg, the level of ATP became statistically indistinguishable in comparison with one for sperm activated in 90 mOsm/kg medium.
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Figure 4. ATP content in carp sperm after motility activations by sharp and gradual decrease of activating medium osmolality.

Spermatozoa were diluted with activating media of differing osmolality: [image: image8.png]


 - activation in media of 90mOsm/kg osmolality (sharp decrease of osmolality - one step activation), [image: image9.png]


 – activation in media of 260 Osm/kg osmolality with following second activation (two steps activation), [image: image10.png]


 – activation in media of 260 Osm/kg osmolality with following second and third activation (three steps activation, model of multiple activation).

For two and three step activation the first step of motility was initiated by dilution of sperm in media of 260 mOsm/kg (arrow 1), second phase of motility was initiated by adding of distilled water to decrease the osmolality down to 220 mOsm/kg (arrow 2) and third phase was initiated by adding distilled water to decrease the osmolality down to 90 mOsm/kg (arrow 3). Point “0” means non activated sperm.

 Values with the same superscript are not significantly different (p>0,025, Mann-Whitney test, n= 15). Column – median value, bars - the value of 25 and 75 percentiles correspondingly. 
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Figure 5. Correlation between osmolality and final content of ATP in the end of sperm movement in the first second and third activations in the model of multiple activation. 
4.
Discussion 

4.1 Percentage of sperm motility in activating media of different osmolalities 
Our measurements of seminal fluid osmolality and motility percentage in hypotonic activators of differing osmotic pressure are in good agreement with those previously reported for perch (Lanhsteiner et al., 1995; Alavi et al., 2007) 
 and indicate a hypo-osmotic mode of sperm activation in perch, which is typical for freshwater species (Alavi and Cosson, 2006). The phenomenon of increasing percentage sperm motility with decreased osmolality of activating media (Fig.1) could be explained by the following speculation, saying that several subpopulations of spermatozoa differing in their threshold value of activating media osmotic pressure coexist in one sperm sample. Some aspects of this hypothesis will be considered below. 
4.2 Sperm motility parameters during first, second and third activations in the model of multiple activation
We developed a model of multiple activation of movement when using stepwise (in contrast to “gradual”, which means “continuous variation”) reduction of osmolality of activating solution. This model takes into account our results showing that, due to gradual decrease of activating media osmolality, it is possible to prolong the total duration of perch sperm motility from 45 sec up to 135 sec (Fig. 2).

We consider these results as demonstrating, not the fact that the same spermatozoa have a prolonged motility period, but that the total period of motility phase (more then 10% spermatozoa are motile in the same time) became prolonged, possibly due to the activation of different fractions of spermatozoa at different time points. If increasing the period of sperm motility can also positively increase the fertilization rate (Billard et al., 1995; Kime et al., 2001) this phenomenon might be exploitable for applied use in perch breeding.
As we have demonstrated in our model of multiple sperm activation, repeated activation of perch sperm movement can be achieved when the osmolality of the activating solution used for the first activation is higher than 200mOsm/kg. Use of an activating medium with osmolality of 260 mOsm/kg rendered possible the second (at 220 mOsm/kg) and the third (at 90 mOsm/kg) activation due to decreased osmolality (Fig.2). We hypothesize that the observed phenomenon could be related to differences in the individual sensitivity of spermatozoa to the osmotic shock (Dzuba et al., 2001). Higher osmolality of activating medium led to activation of the motility of selected sperm populations but without affecting the functional integrity of spermatozoa. Possibly, this level of swelling is not large enough for motility activation in another portion of the sperm population, which requires larger differences in osmotic pressure between ovarian fluid and activating media. A similar response of sperm motility on hypotonic influence was reported earlier for several freshwater species (Linhart et al., 1999; Linhart et al., 2003; Morisawa et al., 1983) and for the time being, there is no certain explanation of this phenomenon.

Our present data do not lead to firm conclusions, but allow us to speculate that different sperm subpopulations can be activated in conditions of different osmotic pressure. Further, the different median values of sperm velocities could be considered as characteristics of these subpopulations. In that case the sperm subpopulation, for which motility could be initiated only after osmotic pressure is reduced down to 90 mOsm/kg, shows significant decrease in average sperm motility at initial stages of activation. While, for two other subpopulations no significant differences in this parameter were found (Fig.2B). Our findings differ from results observed on the repeated sperm activation in the carp model, when second round of motility was achieved after 10 min sperm incubation in potassium rich media (Linhart et al., 2008). In the latter case, the velocity was halved in spermatozoa, which were able repeatedly to initiate motility.

We suppose that during the first phase of motility activation the major part of the sperm population is activated while the rest (not activated in this condition) of the spermatozoa preserve their potential for activation in media with lower osmolality (Fig.3).

The importance of mechano-sensitive channel activity for freshwater fish sperm motility activation was shown early (Krasznai et al., 2003). The activity of these channels could be dependent on cell environment osmotic pressure but understanding of differences in activation conditions for different sperm populations requires further studies. 
4.3 ATP content during motility in the experiments
Since our interest is focused on the dynamics of ATP concentration, which are the main issue here for discussion, we used an external calibration method (mentioned in the kit manual). 

It is well known that motility of spermatozoa is associated with macroergic phosphate metabolism, which comprises: 1) production of ATP in the middle piece, 2) diffusion of ATP along the axoneme by the phosphocreatine shuttle and 3) ATP hydrolysis by dynein ATPases spaced along the axoneme (see review by Cosson). While an intensive ATP consumption by activated spermatozoa could not be compensated by processes of ATP production, the decrease in ATP within motility phase is observed for several fish species (see review of Ingerman). Therefore, our results of ATP content decrease in perch spermatozoa during motility phases (Fig.4) are in good conformity with knowledge described earlier. As was shown earlier the presence of ATP in swimming media is necessary for the motility of de-membranated carp sperm models. In addition, ATP level, beat frequency and velocity of spermatozoa are strongly and positively correlated (Perchec-Poupard et al., 1997). These findings suggest that sperm velocity could be strongly dependent on ATP content near the dyneins. The total ATP content could be associated with potential for sperm motility but the distinct meaning of this parameter is unclear because usually after cessation of motility the level of total ATP is still high enough for dynein activity but flagellum beating becomes arrested (Cosson, 2004). This flagellum beating arrest in freshwater spawning species could be attributable to several reasons. First, is the hypotonic swelling in conditions of low osmolality, which leads to flagellum morphology changes (Linhart et al., 2008; Perchec et al., 1996). Second is the decrease of cAMP levels, for species demonstrating cAMP depending pathway responsible for flagellum beating (Benau and Terner 1980). Third reason could be associated with changes in sperm intracellular ionic composition occurring during sperm motility and leading to changes of membrane potential (Krasznai et al., 2003). In addition, we speculate that low levels of total ATP which are found in spermatozoa after motility has ceased in conditions of hypotonic activation (Perchec et al., 1995), could reflect the absence the distribution of ATP among the sperm flagellum. 

The possibility of inducing the second motility phase in vitro has been shown for several fish species differing in metabolic pathways for motility activation signaling. For carp, which show an osmotic pressure dependent mode of sperm motility activation (Alavi and Cosson, 2006), the second round of motility was achieved and then spermatozoa were transferred after cessation of motility to conditions of increased osmolality (300-400 mOsmol/kg) for 10-20 minutes and then activated again in hypotonic condition (Linhart et al., 2008). Within the time of incubation in media of increased osmolality the ATP concentration was increased and it was supposed that this time is important for ATP level recovery needed for second motility phase (Billard et al., 1995). The model of second activation described above differs from the model of multiple activation used in our experiments because no time of incubation in isotonic condition between the first and second activation phases was used in our experiment and a gradual decrease in osmolality was applied only (See Fig.4). Other models of multiple activation have been described for zebra fish and salmonids. In zebra fish the activated spermatozoa were artificially stopped using higher osmolalities (at the stage prior to motility stop onset) and then the spermatozoa were again transferred to hypotonic conditions to activate spermatozoa motility, but this procedure may be repeated several times (Takai and Morisawa, 1995). For salmonids the second motility phase could be achieved by adding the phosphodiesterase inhibitor isobutylmethylxanthine (which inhibits the degradation of cAMP to AMP) after motility has stopped (Benau and Terner, 1980), or by first activation in ovarian fluid followed by second activation in hypotonic conditions. So, the model used in our experiment is different from the models described early.

As shown in Fig. 4 the reduction of total ATP level during motility phases is dependent on the osmolality of the activating media used. While the distinct metabolic pathway responsible for these changes is still not clear (for review see Ingermann), well-defined interpretation of the ATP content dynamics is complicated due to changed motility percentage and velocity, as well as the ATP consumption by immotile spermatozoa in the media with different osmolalities. That is why we could only suppose that the high ATP level in spermatozoa activated by 260 mOsm/kg and 220 mOsm/kg activating media (Fig.5) could provide the ATP reserves for multiple sperm activation.

We propose that the high ATP level seen after cessation of motility in spermatozoa activated by 260 mOsm/kg and 220 mOsm/kg media (Fig. 4, two steps activation) could be one of the reasons for the multiple sperm activation providing the ATP reserves for second and third phase of motility correspondingly (Fig. 4, three steps activation). Thus, the specific reasons for motility cessation in activating media of high osmolality are still not clear, but they do not appear to be related to ATP depletion.

As a conclusion, we suppose that phenomenon of multiple and successive perch sperm motility activation is based on ability of several sperm subpopulations to be differentially activated by solutions of different osmolality. Furthermore, the use of decreased differences in osmotic pressure of seminal fluid and activating media spermatozoa preserves the level of ATP together with the ability for repeated activations. 

Future studies on more precise identification and description of the hypothetical sperm subpopulations are needed and could be performed by measuring sperm head diameter in activated and non-activated spermatozoa in the same osmolality condition. This procedure might show the differences in swelling rate for different sperm subpopulation. To our knowledge our findings are the first report of stepwise fish sperm activation by hypotonic media of different osmolalities. 
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Abstract

Dynamics of sperm motility (sperm velocity, percentage of motility and beat frequency of flagellum) and monthly variations of semen characteristics (semen volume and osmolality and spermatozoa concentration and motility) were studied in Perca fluviatilis. This study showed that spermatozoa velocity, percentage of motility and flagellar beating frequency significantly decrease after activation of sperm motility. Twelve spermiating males were randomly selected and electronically tagged to study monthly variations of semen characteristics. Semen was collected 4 times (29th November 2005, 10th January 2006, 21st February 2006 and 7th April 2006). Semen volume did not change significantly from November to February, but significantly increased in April. Spermatozoa concentration was higher in November and January than February and April. The highest and lowest osmolality of semen was observed in January and April and decreased in February and April. At 15 sec post sperm activation, the lowest percentage of motile spermatozoa was observed in November. The semen samples collected in April showed the lowest motility of spermatozoa (94.64 and 24.3 % at 15 and 30 sec post sperm activation). But, the percentage of motile spermatozoa collected from November to February showed over 65 % motility at 30 sec post sperm activation. At the end of motility period (60 sec post activation), there was not observed motile spermatozoa in April, and the highest was in November. Spermatozoa velocity did not show significant differences at 15 sec post sperm activation. The lowest spermatozoa velocity was observed in April at 30 sec post sperm activation.   

Key words: Beat frequency, semen volume, spermatozoa concentration, osmolality, sperm motility
1. Introduction

Percid fishes are candidate for commercial aquaculture because of their economic values as a food fish and many biological characteristics such as accepting formulated feeds and their tolerance to crowding in intensive culture (Kestemont and Melard, 2000). The reproductive cycle of percid fishes is characteristic of annual spawner with group-synchronous development of gonad (Crige, 2000). Perca spawn once a year in spring. This annual rhythmus is controlled by exogenous factors such as temperature (Dabrowski et al., 1996; Ciereszko et al., 1998; Migaud et al., 2002) and photoperiod (Migaud et al., 2004)) which are difficult to quantify. To mature, Perch need a minimum 160 days chilling period at a temperature less than 8 oC. The males become mature at 2 years (Crige, 2000).

The reproductive cycle and sex steroid profiles have been already described in males Eurasian perch (Perca fluviatilis L.) (Sulistyo et al., 2000). Gonadal recrudescence in males coincides with the decline in water temperature and the gonadosomatic index increases very rapidly. Androgens (testosterone (T) and 11-ketotestesterone (11-KT)) play key role in early spermatogenesis and spermiogenesis, however it is not declared if 17α, 20β- Dihydroxy-4-pregnen-3-one involve in spermiation (Nagahama, 1994; Miura and Miura, 2003; Vizziano et al., 2008).

It have been already shown that some biological aspects of spermatozoa (such as morphology, ionic composition and osmolality of seminal plasma, spermatocrit, energetic contents (ATP), sperm density and volume as well sperm motility) change during reproductive season, either in freshwater (Salmo salar m. sebago, Piironen, 1985; Cyprinus carpio, Christ et al., 1996; Oncorhynchus mykiss, Koldras et al., 1996; Barbus barbus, Alavi et al., 2008b) or marine (Melanogrammus aeglefinus, Rideout et al., 2004; Hippoglossus hippoglossus, Babiak et al., 2006; Gadus morhua, Rouxel et al., 2008) fishes. In freshwater species such as P. fluviatilis, spermatozoa are immotile in the seminal fluid due to osmolality and a hypo-osmotic shock is necessary for triggering of initiation of sperm motility (Cosson et al., 1999; Morisawa et al., 1999; Morisawa, 2008). Spermatozoa velocity, percentage of motility and beat frequency of flagellar are main parameters considered in sperm quality assessment (Cosson, 2008; Alavi et al., 2008a). 

In P. fluviatilis, previous results (Lahnsteiner et al., 1995; Krol et al., 2006; Alavi et al., 2007) showed that (a) the volume of stripped sperm is small in perch ranged from 0.55 ml to 6.78 ml. (b) Spermatozoa concentration is in range of 3.3 – 43.9 ×109 spermatozoa ml-1 (mean, 29 ×109 spermatozoa ml-1). (c) The motility duration of spermatozoa is very short (less than 1 min). (d) Osmolality of the activation medium affects on sperm motility parameters (sperm motility totally suppressed in activation medium with osmolality higher than 300 mOsmol kg-1). (e) The means of seminal plasma osmolality (mOsmol Kg-1), sodium, chloride, potassium and calcium ions concentrations (mM), are measured as 298, 131, 107, 11 and 2.4 respectively. 
In present study, the dynamics of sperm motility parameters (spermatozoa velocity, percentage of motility as well beat frequency of flagella) were studied. Also, the monthly variations of sperm parameters (semen volume and osmolality and spermatozoa density and motility –percentage of motile spermatozoa and sperm velocity) were investigated from November (beginning of spermiating period) to April (the end of spermiation period) in our hatchery condition.  

2. Materials and Methods

2.1. Broodfish and sperm collection

To study the dynamics of sperm motility parameters, sperm of 4 spermiating males (total length 198–214 cm, body mass 89–117 g) with initial motility higher than >80 % were used. In case of monthly variations of semen characteristics, twelve spermiating males of P. fluviatilis with total length and mass ranging between 14–19 cm and 49–83 g, respectively, were randomly selected from pond at the beginning of November and then transferred and kept in tank at indoor condition at hatchery. These individuals were electronically tagged for use in this study. Tank of broodfish received a water flow of 10 L min-1, and environmental conditions were controlled at: water temperature 21.5 ± 0.5 °C, oxygen 6.8 ± 0.3 mg O2 L-1 and pH 6.8 ± 0.3. Semen was collected 4 times (29th November 2005, 10th January 2006, 21st February 2006 and 7th April 2006). The males were stripped by pressure on abdomen and by means of a syringe with a needle. No hormone was used for induction of spermiation. We took care to collect all the available semen and to avoid any contamination by urine. Syringes containing semen were kept on ice during analyses. 

2.2. Determinations of semen volume and osmolality and spermatozoa density

Semen volume and spermatozoa density were measured by weighting and counting, respectively and according to methods described by Alavi et al., (2007). The semen volume and spermatozoa density were expressed as ml and billion of spermatozoa per ml of semen, respectively. Semen was diluted 1000 times in saline physiological solution. A Burker cells haemocytometer counting chamber was used to count the sperm cells under light microscope (200×). A droplet (10 µl) of the diluted semen was placed on a haemocytometer (depth 0.1 mm) with coverslip. After 10 min (a period to allow sperm sedimentation), the number of spermatozoa was counted in 16 square cells and calculated. The osmolality of semen was measured with a Vapour Pressure Osmometer (Wescor, USA). In this study, the osmolality of semen samples (duplicate per sample) was measured because of low volume of semen to get enough seminal plasma. 
2.3. Spermatozoa motility assessments
Spermatozoa motility was evaluated for velocity of spermatozoa (µm s-1) and percentage of motility after activation (%) under 200x magnifications. A 3 CCD video camera (SONY DXC-970MD, Japan) mounted on a dark-field microscope (Olympus BX50, Japan) was used to record spermatozoa motility. The successive positions of the recorded spermatozoa heads were measured from video frames using a video-recorder (SONY SVHS, SVO-9500 MDP, Japan) and analyzed from five successive frames by micro image analyzer (Olympus Micro Image 4.0.1. for Windows). Spermatozoa velocity of 20 cells approximately measured. Data of spermatozoa velocity are related to motile cells (see Rodina et al., 2008). 
2.3.1. Dynamics of sperm motility parameters

A two steps method was used to evaluate spermatozoa motility in this study (Billard and Cosson, 1992). Firstly, semen was diluted in an immobilizing solution (IS) containing NaCl 200 mM, NaHCO3 2.38 mM (osmolality 380 mOsmol Kg-1) at ratio 1:50. Right after predilution sperm motility were triggered in activation medium containing NaCl or KCl 50–100 mM, Tris 20 mM, pH 8.5 ± 0.5. Measurements of beat frequency were measured using dark field microscopy and stroboscopic illumination. The flagellar beat frequency was measured by reference to the calibrated frequency of the flash illuminator, either on individual sperm cells or on the spermatozoa population (Cosson, 2008). Measurements on individual spermatozoa indicated that this parameter was not constant for one spermatozoon during the motile phase but decreased progressively (Billard and Cosson, 1992). Therefore, when the beat frequency value of a motile flagellum was determined, it had to be associated with the precise timing of the measurement. The frequency of the flash illuminator was adjusted before each experiment to the highest value previously observed of flagellar frequency (around 60Hz). Then the motility was initiated by dilution and the flash frequency was adjusted until a homogeneous picture of the moving sperm population with immobilized bent flagella was visible.

2.3.2. Monthly variation of sperm motility parameters
The prediluted sperm in IS was activated by dilution in 30 mM NaCl at a ratio 1: 50 (1 µl prediluted sperm: 49 µl activation solution). The adjustable frequency stroboscopic flash illumination was set in 50 Hz for spermatozoa velocity measurement. Spermatozoa motility of each male recorded in triplicate. BSA at 0.1% was added to activation solution to avoid stickiness of spermatozoa into the glass slide during motility evaluation.

2.4. Data analysis

All mean values represent mean ± S.E from triplicate. After controlling normality of data by Kolmogrov- Smirnov’s test, ANOVA was used for statistical comparisons with Duncan test (SPSS 10.0). 

3. Results

3.1. Dynamics of sperm motility parameters

Right after triggering sperm activation, wave(s) present along the flagellum, but its parameters change during motility period (Fig. 1). This study showed that spermatozoa velocity, percentage of motility and flagellar beating frequency significantly decrease after activation of sperm motility (P < 0.001, Fig. 2).
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Figure 1. Motility of spermatozoa of Perca fluviatilis after activation in medium with 100 mOsmol kg-1 at 10(a), 15(b). 35(c), 45(d) and 60(e) s post activation. 

3.2. Monthly variations of semen characteristics

Semen volume did not change significantly from November to February, but significantly increased in April (Table 1). Spermatozoa density was higher in November and January than February and April (Table 1). In contrast, total number of spermatozoa (spermatozoa concentration × semen volume) showed significant increase from beginning (November) to end (April) of spermiation. The highest and lowest osmolality of semen was observed in January and April (P < 0.05) and decreased in February and April (Table 1).

Both the percentage of motile spermatozoa and spermatozoa velocity decreased rapidly as a function of time post activation in all sampling times (Fig. 3). Sampling time affected the percentage of motile spermatozoa, significantly (P < 0.01). At 15 sec post sperm activation, the lowest percentage of motile spermatozoa was observed in November (Fig. 3a, P < 0.05). The sperm samples collected in April showed the highest rapid decrease in terms of the percentage of motile spermatozoa (the motility of spermatozoa were 94.6 and 24.3 % at 15 and 30 sec post sperm activation). But, the percentage of motile spermatozoa collected from November to February showed over 65 % motility at 30 sec post sperm activation. At the end of motility period (60 sec post activation), there was not observed motile spermatozoa in April, and the highest was in November. Sperm velocity did not show significant differences at 15 sec post sperm activation (Fig. 3b). Again, the lowest spermatozoa velocity was observed in April at 30 sec post sperm activation. Spermatozoa velocity highly decreased from 15 to 30 sec post sperm activation (from >150 µm s-1 to >14 µm s-1, respectively), but the differences were low after 30 sec post sperm activation (9.7 µm s-1 and 5.8 µm s-1 at 45 and 60 sec post sperm activation, respectively). 
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Figure 2. Percentage of sperm motility (a), spermatozoa velocity (b) and beating frequency of flagella (c) in Perca fluviatilis after activation. 

Table 3. Monthly variations of sperm volume, spermatozoa concentration, total number of spermatozoa and osmolality of the seminal plasma in Perca fluviatilis. In each row, values with the same superscript are not significantly different (P > 0.05, Duncan test).
	Parameter
	29th Nov 05
	10th Jan 06
	21st Feb 06
	7th Apr 06

	Sperm volume
	0.12±0.03a
	0.32±0.07a
	0.07±0.02a
	0.85±0.23b

	Spermatozoa concentration
	59.17±2.21b
	66.53±3.10b
	36.01±4.60a
	45.45±2.94a

	Total number of spermatozoa
	9.07±0.06b
	22.92±0.20c
	2.32±0.09a
	38.64±0.64d

	Osmolality
	423.63±19.93b
	523.56±42.09c
	373.0±57.68ab
	292.0±9.05a



Figure 3. Monthly changes of percentage of motile spermatozoa (%, a) and spermatozoa velocity (µm s-1, b) in Perca fluviatilis. Motility of prediluted sperm in NaCl 200 mM, NaHCO3 2.38 mM) (osmolality 380 mOsmol Kg-1) was activated in 30 mM NaCl containing BSA 0.1%. Values represent the mean ± S.E from 12 males with three replication per male. Values with the same superscript are not significantly different at the same time post activation (P > 0.05, Duncan test). 

4. Discussion

4.1. Dynamics of sperm motility parameters


Decreasing of motility parameters of fish spermatozoa have been already demonstrated in several species (see review by Cosson et al., 1999; Alavi and Cosson, 2006). The beat frequency represents the number of waves generated every second. It is directly in proportion to the activity of dyneins and therefore of the rate of ATP hydrolysis (Cosson et al., 2008). Further studies revealed that their decrease is due to ATP content which is necessary for sperm motility (Perchec et al., 1995, 1998; Cosson et al., 2008). Nevertheless, more studies are needed to find correlations among ATP content, sperm motility parameters and flagellar wave parameters (Alavi et al., 2009). Sperm velocity in perch (185 µm s-1) is lower than pike (Esox lucius, 210 µm s-1) (Alavi et al., 2009), Siberian sturgeon (Acipenser baerii, 200 µm s-1) (Alavi et al., 2009), but higher than carp (Cyprinus carpio, 150 µm s-1) (Linhart et al., 2008) and tench (Tinca tinca, 160 µm s-1) (Rodina et al., 2004). This is may be due to differences of sperm morphology (with emphasizes on head shape and flagellar length) and ATP content (Alavi et al., 2009).  

4.2. Monthly variations of semen characteristics

In P. fluviatilis (Sulistyo et al., 2000), plasma levels of T and 11-KT are very low from April to November. Plasma level of T and 11-KT increase in December and November, respectively. T reaches a peak one month before 11-KT peak in January. Then, the plasma 11-KT concentration highly reduces prior to spawning period in April. Mechanism regulating semen hydration during spermiation plays a major role in determining semen volume in fish (Mylonas et al., 1997; Alavi et al., 2008a,b). Sperm maturation can be induced by increasing the seminal plasma pH in the sperm duct, which leads to increase of intracellular cAMP levels. Sperm maturation is also regulated by DHP. In this study, volume of semen was very low from November to February, but increased significantly in April. It means semen volume is low when plasma T and 11-KT levels are increasing to reach peak, then by decreasing of T and 11-KT level in plasma, the level of DHP increases and spermiation process would be triggered and subsequently increase the volume of semen in April. However, in some teleosts, DHP does not correlate with spermiation, whereas 11KT levels do (Mylonas et al., 1997; Schulz et al., 1994). In addition, in some teleost species an increase of 11-KT have been observed during the first half of the spermiation period (Prat et al., 1990; Jackson et al.,1994; Mylonas et al., 1997). Nevertheless, it has been already declared that semen volume change from the beginning to the end spermiation (reproductive season). In landlocked salmon (Piironen, 1985) an increase has been reported similar to this study, but in B. barbus it has been decreased (Alavi et al., 2008b).


Similar to this study, decrease of spermatozoa concentration towards the end of spermiation period has been reported in many teleosts such as, turbot (Suquet et al., 1998), seabass (Dreanno et al., 1999), cod (Rouxel et al., 2008), common barbell (Alavi et al., 2008b), rainbow trout (Munkittrick and Moccia, 1987). But in some species it showed increase such as Atlantic salmon (Piironen, 1985) or Atlantic halibut (Babiak et al., 2006). 

Previous studies showed the close correlation between predominant ions of seminal plasma (Na+, K+ and Cl-) and osmolality (Piironen, 1985; Lahnsteiner et al., 1996, 1997; Rouxel et al., 2008). Osmolality of seminal plasma is also related to the “thinning” phenemonon (hydration of semen), which showed high variation among individuals (Morisawa et al., 1979; Koldras et al., 1996; Alavi et al., 2008a,b). Decreasing of osmolality of semen from beginning of spermation (November) to the end (April) is related to hydration of semen that showed increase in this study (semen volume was significantly higher in April). This is in contrast to the changes of osmolality of halibut sperm that showed significant increase through the reproductive season. In B. barbus (Alavi et al., 2008b), the osmolality did not change through the reproductive season. In G. morhua, the osmolality of seminal plasma was the highest at the middle of reproductive season, and was lowest either at the beginning or end of reproductive season (Rouxel et al., 2008). 

In this study, the percentage of sperm motility was monthly changed that can be related to the osmolality of semen. The percentage of sperm motility highly decreased when the osmolality of semen was significantly lower in April (the end of spermation period). It has been already claimed that the percentage of sperm motility decrease as the reproductive season progressed (for examples in rainbow trout, Munkittrick and Moccia, 1987; in turbot, Suquet et al., 1998; in haddock, Rideout et al., 2004 and in Atlantic halibut, Babiak et al., 2006).  However, the percentage of sperm motility did not change in cod (Suquet et al., 2005) and common barbel (Alavi et al., 2008b). Moreover, the percentage of sperm motility can change after short-term storage through spermiating period. Rouxel et al., (2008) found that the percentage of sperm motility of cod peaked during the middle part of the reproductive season after a short-term storage. Our previous study showed that osmolality affects percentage of sperm motility of P. fluviatilis (the optimum sperm motility as been observed in 100 mOsmol kg-1). This finding can help us to establish better activation medium for perch spermatozoa at the end of spermiating period (April) by adding Ca2+ to activation medium or by increasing the osmolality. Spermatozoa velocity did not change among sampling times at 15 sec post sperm activation, but rapidly decreased at 30 sec post sperm activation (the highest decrease was observed in April). On the other hand, the velocity of spermatozoa in P. fluviatilis similar to those of Atlantic halibut (Babiak et al., 2006), cod (Rouxel et al., 2008) and common barbel (Alavi et al., 2008) decrease when the spermiating period is progressed. This is due to ATP decrease which is necessary for sperm movement. At 30 sec post sperm activation, the highest and lowest sperm velocity was observed in November and April. It has been already demonstrated that longer spermatozoa swim faster, in B. barbus (Alavi et al., 2008b) and Salmo salar (Vladic et al., 2004), due to more ATP available for axonemal beating (Vladic et al., 2004). Taken together, decrease of spermatozoa motility towards the end of spermiating period (either percentage of motility or velocity) probably results from aging process which including changes of sperm morphological parameters (flagellar length) and ATP contents. 

In conclusion, sperm of perch should be used immediately after activation to fertilize the eggs due to decrease of motility parameters. In addition, this study showed that semen parameters change in P. fluviatilis from beginning (November) to the end (April) of spermiating period. Increase of semen volume can be due to increase of hydration of semen that decreases osmolality of semen and spermatozoa density, but increase total number of spermatozoa. The spermatozoa motility and velocity showed also monthly changes that can be related to the osmolality of semen.
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Summary. 

The objective of this study was to evaluate the profitability of culture in monosex all-female stock (MS) compared to production characteristics of bisexual stock (BS) in Eurasian perch (Perca fluviatilis L.) under intensive conditions. Monosex all-female stock was produced by mating of masculinizated females (neomales) with common females of a local strain, whereas bisexual stock was obtained by local strain perch broodstock. Duration of the experiment was 126 days, preceded by pond-nursing (60 days) and habituating (14 days) periods. Perch were held in 50 L aquaria connected to a recirculation system, with each group tested in triplicate. No significant differences (P = 0.07) in total survival were observed after 126 days of rearing between all-female and bisexual stock, but MS gained 20 % more (P = 0.04) in total body weight, the final weight being (25.2 ± 9.7 g; mean ± S.D.) than BS fish (21.0 ± 7.5 g). Therefore, it is suggested that the culture of monosex female perch might provide a significant economic benefit. Overall feed conversion ratio for tanks with BS (1.43 ± 0.21) was significantly (P = 0.02) higher than in tanks with MS (1.30 ± 0.11) perch.
Keywords: Perch (Perca fluviatilis L.), Monosex all-female stock, Bisexual stock, Growth, Survival, Sex reversal, Sexual growth dimorphism, Neomales

1.
Introduction

Eurasian perch (Perca fluviatilis L.) is a candidate species with potential for intensive aquaculture (Fiogbé and Kestemont, 2003; Fontaine et al., 1997; Juell and Lekang, 2001; Mélard et al., 1996). As with yellow perch (Perca flavescens Mitchell), waleye (Sander vitreum Mitchell) and pikeperch (Sander lucioperca L.), perch females grow faster, and thus reach larger body sizes, than males.

Extensive evidence exist on sex-related growth differences in mixed sex perch cultures (Malison and Garcia-Abiado, 1996; Mélard et al., 2003; Fontaine et al., 1997; Mooij et al., 1999; Juell and Lekang, 2001). This has resulted in a recent applied trend in aquaculture to manipulate the sex of fish populations in order to improve growth, and subsequently profitability. However, information on growth and production features of monosex female perch in intensive culture systems is lacking. 

Similarly to other percids, three possibilities exist to produce monosex female populations in perch. These include:

(1) gynogenesis, where progenies are obtained by controlled fertilization of eggs with genetically inactivated sperm and restoration of diploidy by thermal or physical shock (Piferrer, 2001; Rougeot et al., 2005)

(2) direct feminization by natural or synthetic estrogen (Malison et al., 1988; Piferrer, 2001; Gorschkov et al., 2004) 

(3) indirect use of hormones in which juveniles are treated with 17α-methyltestosterone to induce phenotypic sex inversion of genetic females (neomales). The latter process involves adding of methyltestosterone to the diet of young fish. When these fish reach maturity, they produce sperm (all fish have an “X”chromosome) and are be used to fertilize eggs from normal females. Previous studies have concentrated on the development of methods for the control of sex in perch (Pandian and Sheela, 1995; Malison and Garcia-Abiado, 1996; Malison et al., 1986; Malison et al., 1998; Blázques et al., 1998; Rougeot et al., 2002; Rougeot et al., 2005), evaluation of reproductive parameters in sex-inverted fish (Rougeot et al., 2004), and their using for controlled spawning and egg fertilization (Rodina et al., 2008). 

The objectives of this study were (1) to produce all-female populations by crossing masculinized phenotypic males with normal females, (2) to evaluate the sex ratio in both groups, (3) to examine the survival and growth performance of all-female and bisexual perch juveniles in culture which combined pond rearing of newly hatched larvae and rearing of juveniles in recirculation system, and (4) to evaluate production variables of all-female stock compared to bisexual ones.

2.
Material and methods

2.1.
Fish 

Brood fish were spawned at the experimental facilities of RIFCH in Vodňany and eggs were incubated in a „Dněpr“ type egg incubator for production of two experimental groups: monosex all female stock (MS) and bisexual stock (BS). 

The testicular milt from 20 masculinizated perch neomales with chromosomal XX, originating from Belgium (University of Liege, CEFRA, Tihange, 50° 31´ N; 5° 13´ E, western European drainage with western phylogeographic refugia), was used to fertilize the eggs of non-masculinizated females (15 individuals) of a local strain (fish farm Rybářství Nové Hrady Ltd., 48° 47´ N; 14° 47´ E, western European drainage with western phylogeographic refugia) for production of MS group. Synchronization of ovulation was performed according to Kouřil et al. (1997). Before using, neomales were killed prior to controlled fertilization, and broodstock fish were identified by a single testis with a twisted structure (Rougeot et al., 2002). The egg ribbon from each broodstock fish was dissected into three parts, with each section fertilized with milt from one neomale. Control BS group was produced by mating females with 20 males. Same synchronization of ovulation and fertilization technique were used as in previous group. Both sexes were same local strain from the farm Rybářství Nové Hrady Ltd.  Only, local strain of broodstock was used for the creating of the BS group because both used perch populations (Belgian and Czech) originate from the same genetic and phylogeographic perch group (western European drainage, with western phylogeographic refugia) and no genetic divergence was found within this group (Nesbø et al., 1999).

2.2.
Culture facilities and water quality

New hatched larvae of both groups were put into six (two groups of three replicates) experimental fish ponds on 22 May. Pond culture of MS and BS groups were harvested after 60 days on 21 July. Harvested juveniles of both groups were transported into two 450 L fibreglass tanks operating in a recirculation system of RIFCH in Vodňany and used in the growth test under controlled conditions.
The growth trial lasted 126 days (age 74 to 200 days) after a habituating phase (14 days) performed according Kestemont et al (2008). After habituating phase, juveniles of both groups were separately put into six 50L aquaria (three replicates each) at a density of 1.4 individuals.L-1 (70 individuals per aquarium) with identical initial biomasses (143.2 ± 0.86 g) and biomass density 2.9 g.L-1. Initial biometric parameters of both groups are given in Table 2. The recirculating system (total water volume = 2300 L) included 6 fish-tanks (50 L water volume each) and series of filtration section (total biofilter volume 1500 L), a settling tank (water volume 500 L) and a UV treatment unit, which was incorporated into the direct recirculating flow. The flow rate in each tank was 4.8 L.min-1. Water temperature, dissolved oxygen and pH were measured twice daily with a combined pH and oxygen-meter (MultiLine P4, WTW). Nitrite, nitrate, ammonium and phosphate levels were measured at days 1, 24, 56, 84, and 112 after stocking. Water quality was kept at the following levels (mean ± S.D., T = 22.9 ± 1.4 °C; pH = 6.9 ± 0.7; dissolved oxygen = 6.8 ± 1.2 mg. L-1). The values were within optimum range for the culture of Eurasian perch (Mélard et al., 1996; Kestemont et al., 2008). The culture room was maintained at a light intensity of about 105 to 130 lux on water surface with light regime 12L (0700-1900) and 12D (1900-0700).

3.4. Feeding

During the pond-nursed phase, perch fed with natural food (zooplanktonic and zoobenthic invertebrates) sources, only (Peterka et al., 2003). At the beginning of habituating phase, fish were starved for 3 days. During next three days,  juveniles were fed with semi-moist dry artificial feed at libitum level (BioMar BioOptimal Start, France) 12-times (one hour interval) within daylight phase. Thereafter the same dry food and feeding schedule was followed during next 3 days. At day 10 of habituating phase, feeding frequency was decreased to six-times daily, and feeding level was adapted according to fish body weight (Fiogbé and Kestemont, 2003) using the following formula:

Ropt = 4.89 . W-0.27

where Ropt = optimal daily feeding level, W = body weight (g)

Table 1. Nutrient composition and pellet size of used food during the growth trial.
	Weight interval
	Feed
	Protein (%)
	Fat

(%)
	Energy (MJ)
	Size

(mm)

	2 – 8 g
	BioMar BioOptimal Start
	56
	18
	22.3
	1.1

	8 – 18 g
	BioMar BioOptimal Start 68°
	50
	18
	21.4
	1.9

	18 – 80 g
	BioMar Ecolife 60
	47
	14
	20.2
	3.0


During the growth trial food was distributed manually five times daily at 2 hours intervals during daylight period with the feeding level mentioned above. Nutrient composition of used diets is presented in Table 1.

3.4. Data collection and statistical analysis

Individual body weight, standard length, total length, body depth and head length of 33 randomly selected fish from each tank were measured at days 1, 14, 28, 42, 56, 70, 84, 98, 112 and 126 of the experiment. Fish were anesthetized with Clove oil (0.033 ml·l-1) before measurements (Hamáčková et al., 2001), and video-image analysis was used (Micro Image® 4.0) to determine morphological characteristics. Sex of fish was determined by visual inspection of the gonad in each aquarium of both groups two months after termination of the growth experiment, when gonad development is sufficient for non-equivocal identification of sex (Rougeot et al., 2005).

Growth, feed efficiency, morphological parameters, and cannibalism were calculated as follow:

Specific growth rate (SGR, % day-1) = 100(LnWF – LnWI) ∆T
with ∆T = experimental period (days), and WF and WI = final and initial mean body weight (g), respectively, 

Feed conversion ratio (FCR) = TFS (BF – BI)-1
with TFS = total feed supply (dry weight, g), and BF and BI= final and initial tank biomass (g), respectively,

Index of highbackedness (BH) = TL H-1 
with TL = total length (mm), H= high of body (mm),

Condition factor (CF) = 100000 W (TL3)-1
with W = body weight (g), TL = total length (mm),

Index of head-length (IHL) = TL HL-1
with TL = total length (mm), HL = head length (mm),

Size heterogeneity (CV) = CVwf/CVwi

with Wi,f= initial and final body weight, CV=coefficient of variation (100 S.D./mean) 

Actual survival (%) = 100 {(NI – NF)/NI}

with NI and NF = initial and final number of fish, respectively,

Cannibalism (C, %) = observed survival – actual survival

One-way ANOVA analysis was used to evaluate the effect of stock (MS or BS) on growth at each day of measurement. Data on total survival, cannibalism, FCR and SGR were arcsin transformed, and tanks were considered as a statistical unit. The index of highbackedness (BH), condition factor (CF) and index of head-length (IHL) were compared between stocks with ANCOVA analysis, using individual body weight as a covariant. Observed sex ratios were compared to an expected ratio 1:1 with chi-square tests. The minimum level of significance was set at P ≤ 0.05. Statistical assessment of all data was carried out by means of Statistica 7.0 (StatSoft, Inc., Czech Republic). 

3.
Results

3.1. Sex identification

Based on internal morphological characteristics, sex identification of MS group revealed 100 ± 0 % females. In BS group, female frequency was found as 58.1 ± 4.3%. 

3.2. Growth potential

Body weight increased from 0.008 g (age 0) to 1.1 ± 0.6 g (MS) and 1.3 ± 0.7 g (age 60) (BS) during the pond-nursed phase. Furthermore, juveniles reached a body weight of 2.1 ± 0.3 g (MS) and 2.0 ± 0.4 g (BS) at the end of the habituating period. In the growth trial mean initial body weight were increased to final weight 25.2 ± 9.7 g (MS) and 21.0 ± 7.5 g (BS) after 126 days. Final body weight of monosex stock achieved 120% value of final body weight of bisexual group. Overall growth of both groups during the pond, habituating and experimental period are shown in Figure 1. Significant differences (P < 0.05) in body weight between MS and BS group were found as early as age 144 days (56 day of rearing in intensive culture). Specific growth rate was significantly affected by stock (MS or BS). At the end of the experimental period (age 200 day, 126 day of rearing in intensive culture), perch from group BS showed an average SGR of 1.87 ± 0.06 % day-1, which was less (p = 0.00) than those obtained for group MS (2.09 ± 0.01 % day-1). Final condition factors were similar in both groups. Indexes of head length were relatively similar in both groups, but high individual variations occurred among fish (3.80 to 4.96 and 3.77 to 4.94 for groups MS and BS, respectively). However, there were significant differences in the index of highbackedness between groups (Table 2).
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Figure 1. Weight of monosex (dark squares) and bisexual stock (open triangles) in perch during different rearing periods. Data are presented as means (data points) ± S.D. Asterisks indicate differences (P < 0.05).

Table 2. Initial and final biometric characteristics (total length TL, standard length SL, high of body H, body weight W, condition factor CF, index of highbackedness BH, size heterogeneity CV) of perch  from MS and BS group. Different letters in the same row mean difference between groups (p<0.05) within initial and final data.

	Parameter
	
	Initial
	
	Final

	
	
	Monosex
	Bisexual
	n
	
	Monosex
	Bisexual
	n

	TL
	mm
	
	56.0 ±2.4a
	56.7 ± 2.1a
	50
	
	121.9 ± 13.6a
	116.9 ± 11.5b
	99

	SL
	mm
	
	47.7 ± 1.9a
	48.1 ± 2.7a
	50
	
	102.6 ± 12.3a
	98.2 ± 9.8b
	99

	H
	mm
	
	17.0 ± 1.1a
	16.7 ± 1.2a
	50
	
	31.0 ± 4.4a
	28.9 ± 3.6b
	99

	W
	g
	
	2.1 ± 0.3a
	2.0 ± 0.4a
	50
	
	25.2 ± 9.7a
	21.0 ± 7.5b
	99

	CF
	
	
	1.2 ± 0.1a
	1.1 ± 0.1a
	50
	
	1.30 ± 0.13a
	1.30 ± 0.12a
	99

	BH
	
	
	4.09 ± 0.2a
	4.11 ± 0.2a
	50
	
	3.95 ± 0.2b
	4.06 ± 0.2a
	99

	CV
	%
	
	20.1 ± 2.4
	24.5 ± 0.9
	3
	
	39.3  ± 1.2
	34.1  ± 2.4
	3


Rapid weight-frequency heterogeneity was observed in both groups, which tended to increase with time. This hierarchy induced strong size heterogeneity in both groups. Indeed, the coefficient of variation for weight (CV) ranged from 39.3 ± 1.2 % (MS) to 34.1 ± % (BS) at the end of experiment (Table 2). The difference between groups MS and BS was not significant (p = 0.052) (Figure 2).

[image: image13.png]Frequency (%)

50
45
40
35
30
25
20
15
10

bb... .

55 10515520525 >30 535 >40 45 550 >55 6065 >70 575
Weight interval (g)




Figure 2. Weight distribution of monosex (dark column, n = 190) and bisexual (open column, n = 190) perch juveniles at the end of experiment (age 200 days) reared mainly under intensive cultured conditions (including the initial pond-reared period).
3.3. Feed conversation rate (FCR)

The courses of FCR for both groups are summarized in Figure 3. The tendency of FCR was increasing from identical initial FCR 0.9 ± 0.1 to final FCR 1.5 ± 0.1 and 1.7 ± 0.1 in MS and BS group, respectively. Average FCR 1.4 ± 0.21 and 1.3 ± 0.11 were found in BS and MS group, respectively with significant differences (p = 0.01). 
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Figure 3. Feed conversion ratio (FCR) of monosex (MS, dark diamonds) and bisexual stocks (BS, open triangles) during experiment trial under intensiv e conditions (age of fish 74 to 200 days).

3.4. Survival and cannibalism

Survival (included cannibalism) was high in both groups with mean 95.3 ± 0.3 % (MS) and 96.3 ± 1.0 % (BS) after 126 days of growth trial. However, there was no difference (p = 0.07) in survival between monosex and bisexual group. The cannibalism was low and varied from 0.7 to 2.1 % in all tanks of groups with mean 1.4 ± 0.6 % (MS) and 1.2 ± 0.3 % (BS). There was no significant influence of stock (MS, BS) on losses caused by cannibalism (p = 0.69). Achieved final fish (biomass) density were identical 1.3 ± 0.2 individuals·L-1 (32.2 ± 1.4 g.L-1) and 1.3 ± 0.5 individuals.L-1  (28.8 ± 0.8 g.L-1) in MS and BS group, respectively. 

4. Discussion

In the present study, our monosex perch stock (25g), exhibited a 20 % higher growth rate than bisexual fish (21 g) at 200 days old. Lower growth gain (12.5%) was found in comparison of 200 days old monosex (45 g) and bisexual (40g) perch in study Mélard et al. (2003). Monosex stock displayed a mean body weight 30% higher (143g) than mixed-sex perch stock (103g) after 360 days of rearing under intensive conditions (Rougeot and Mélard, 2008). Monosex population reached market size (100 g) within 280 days compared to 340 days with mixed-sex perch (Mélard et al, 2003; Rougeot and Mélard, 2008). Lower body weight of our 200 days old monosex perch (25g) compared to body weight of same old perch (45g) from the study published by Rougeot and Mélard (2008) was caused by the using of combination pond and recirculation rearing system. Growth curve and rate data of monosex perch from the present study indicate that 340 days (including the 74-days pond and habituating period) would be required for the reaching of the market size (100 g) in MS group compared to 400 days for BS group. According these data, our both groups achieved market size (100g) 60 days later compared to results published by Mélard et al. (2003) and Rougeot and Mélard (2008) for MS and BS groups. The used pond culture system (mainly lower water temperature 15.6 ± 0.3°C) affected the duration of rearing period in both perch group. Nevertheless, our results showed that the tandem of ambient pond and controlled tank culture system described by Kestemont et al. (2008) is also acceptable for the next intensive rearing of monosex perch stock, especially in countries with large number of ponds. Juell and Lekang (2001) presented comparable results to the present study (20 % increase in growth) when comparing female’s and male’s growth in a mixed sex culture. An increase of growth in all-female stocks was also reported in other species (common carp (Cyprinus carpio) and silver barb (Puntius gonionotus) (Kocour et al., 2003; Pongthana et al., 1999). Present results indicated that the growth of monosex stock started to differ significantly from a bisexual group at the age of 144 days (body weight of 14.5 and 13.1 g for MS and BS, respectively). These results are in accordance to Babiak et al. (2004), who found no statistical effect of phenotypic sex on final weight of juvenile (final body weight of 4.6 and 4.8 g) perch. However, observations on yellow perch, Perca flavescens, suggested that sex-related dimorphism is apparent after the onset of vitellogenesis and spermatogenesis in 5 to 10 g fish (Malison et al., 1988). The growth[image: image15.wmf]pattern of both stocks was retained onwards, demonstrating that the superior [image: image16.wmf]growth[image: image17.wmf] of females has a genetic constituent, and is not due simply to higher feeding activity of females.

Beside the effect of sex on the growth, Mandiki et al. (2004) studied the effect of geographic origin on the growth, survival and food intake of perch. Two groups with different origin of perch bisexual stock (northwest area: northeast France 48°45´N; 6°10´E and Belgium 50°31´N ; 5°13´E and southwest area: southwest France 44°30´N; 1°10´E and southern Italy 43°9´N) were tested  during 42 days trial for comparison of growth performances among larvae groups. Results from this study showed statistically differences of growth and survival between both areas however no differences within each area. This different growth and survival of perch from southwest and northwest Europe reared under identical conditions can be caused by different source of perch during recolonization of Western Europe. Northwest Europe was recolonized by perch exclusively dispersed in Western Europe but southwest Europe by perch from Western Europe and subsequently intergraded with the Danubian group of perch (Nesbø et al., 1999). Local strain of perch from the Czech Republic including farm Nové Hrady Ltd. (48° 47´ N; 14° 47´ E) originated in the same area as northwest European perch stock (Belgian and northeast France), because genetic variation of perch in Western Europe is based on the north-south dispersal rout (Nesbø et al., 1999). 

A tendency of an increase in FCR was observed during the our growth trial, in accordance to Mélard et al. (1996), who reported that FCR increase from 1.1 to 2 in the body weight range 1 – 150 g. However, unconsumed feed was noticed in tanks before days 42 and 84 of intensive rearing, indicating overfeeding. Rations level was further reduced in the subsequent period. Furthermore, the FCR can be very often influenced by nutritional quality of food, therefore good- quality foods must be used for intensive culture of perch, only (citace). Juell and Lekang, (2001) observed better FCR’s (from 0.88 to 1.04) than found in the present study in perch reared from 9g to 63 g body weight.

At the end of the growth trial, some fish was seven times (MS) and five times (BS) larger than the smallest one. Nevertheless, the losses affected by cannibalism were very low. Results regarding cannibalism found in the present study are in agreement to Mandiki et al. (2004). From the above, production of all-female populations can provide significant benefits to farmers. However, the using of all-females population would be subjected to some disadvantages. When females reach sexual maturity, they put a tremendous amount of energy into reproduction (Mandiki et al., 2005; Sulistyo et al., 1998; Sulistyo et al., 2000). In Eurasian perch, the reproductive tissue can comprise up to a third of the fish's body weight (Craig, 2000). This generally means a corresponding decrease in fillet yield, because the onset of sexual maturation begins before perch reach a minimum marketable size 100g in culture situation. One solution to this problem is to sterilize females, with energy not getting diverted to the reproductive process. Likewise, rearing of perch under constant water temperature 23°C and photoperiod (up to 23 hours light) led to the reduction of gonad development (Migaud et al., 2003).

The production of 100% all-female stocks was successfully achieved in the present study. Others authors describe production of 100 % all-female populations in perch using gynogenesis (Rougeot et al., 2005), or direct estrogen treatment (Malison et al., 1988). The sex rations in mixed tanks (BS) were in two cases not different from the expected 1:1 ratio in the present study. Babiak et al. (2004) and Fontaine et al. (1997) found the sex ratio in bisexual perch stocks to be similar than ratios obtained in the present study. A few studies suggested that culture of monosex population has a significant impact on the decrease of weight-frequency heterogeneity in some species (Beardmore et al., 2001). This was not confirmed in present study, on the contrary, the MS population displayed a high degree of weight heterogeneity (CV for weight 39.4 % on contrary to 34.1 % for MS), which increase with time, probable from social interaction. 

5.
Conclusion

It is evident from the above results that the culture of an all-female population of perch has potential in aquaculture practices. Furthermore, it is generally perceived, and proved in the present study, that all-female populations will produce higher yields of marketable fish than normal mixed sex populations. Study also showed potential of all-female and bisexual culture under conditions combined pond nursing phase and final rearing in recirculation system.
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Size-related oxygen consumption and ammonia excretion of Eurasian perch (Perca fluviatilis L.) reared in a recirculating system 
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Abstract

Oxygen consumption (OC) and ammonia excretion rates (AE) of perch were measured in commercial like conditions (temperature 23.3 °C) in both fed (F) and feed-deprived groups (D). Measurements were taken in triplicate in six sized batches of perch ranging from 44.8-336.2g. Mean daily OC was 288.3–180.6 mg O2 kg-1 h-1 for group F fish ranging in size from 44.8 to 279.4 g body weight. Mean daily AE expressed as total ammonia nitrogen (TAN) was 13.8–5.2 mg TAN kg-1 h-1 in the same groups. Daily peaks of OC in group F perch were observed 6 h after the onset of feeding for each size group with relatively stable values up to the end of feeding. Peaks of daily AE in group F perch were observed 10 h after the onset of feeding in each size group with a rapid decrease up to 16 h after onset. In group D, OC was 181.1–110.5 mg O2 kg-1 h-1 in the weight range 57.9–336.2 g. Daily mean AE was 1.7–0.5 TAN kg-1 h-1 in this group. No dramatic peaks of OC and AE in group D perch were observed.

Keywords: metabolic rate, percids, perch culture,
1.
Introduction

The Eurasian perch (Perca fluviatilis L.) is a cold freshwater fish specie considered as a new candidate for aquaculture. The contemporary traditional pond method has been used for the production of commercial-sized perch in polyculture with common carp Cyprinus carpio L. (Mélard, Kestemont & Grignard 1996). The life cycle of perch can be artificially controlled, including the production of eggs and larvae (Migaud, Mandiki, Gardeur, Kestemont, Bromage & Fontaine 2003), larvae weaning, and ongrowing to market size (Kestemont, Mélard, Fiogbé, Vlavonou & Masson 1996). Zootechnical aspects of perch culture have been studied (Mélard, Kestemont & Grinard 1996; Fiogbé & Kestemont 2003; Zakęś, Demska-Zakęś & Kata 2003), and nutritional requirements determined (Fiogbé, Kestemont, Mélard & Micha 1996; Kestemont, Vandeloise, Mélard, Fontaine & Brown 2001).

Presently, perch culture mainly takes place in recirculation systems. However, high investment and running costs of such systems demand efficient utilization of recirculating water. Production in these systems only profitable when stocking density of ongrowing perch is high (Mélard et al. 1996), requires data on critical levels of oxygen and ammonia. Low concentration of oxygen or high concentration of ammonia induce significant stress, leading to pathology and reduced growth rates, and, in severe cases, death (Evans, Shoemaker & Klesius 2003; Pinto, Aragão, Soares, Dinis & Conceição 2007). Therefore, perch oxygen requirements can help in farm design, management, and planning to optimize the system. Data on oxygen consumption (OC) will allow defining appropriate stocking densities, water flow, and artificial re-oxygenation requirements. The ammonia excretion rate (AE), a major factor in waste accumulation, is another factor that limits fish production in such systems (Fernandez & Tanner 2008). Understanding the relationships among fish size, biomass, feeding level, and fish metabolism (AE and OC) is important for determining the carrying capacity of the culture system as well as the size and efficacy of the biological filter. 

The aim of the study was to determine the relationship between body weight and oxygen consumption and ammonia excretion in perch. The nycthemeral fluctuation of these variables was also addressed. 

2.
Materials and methods

2.1. Experimental fish

Experimental perch were obtained by artificial propagation and pond reared for one month until their average body weight was 0.5 g. They were transported to the experimental unit of Research Institute of Fish Culture and Hydrobiology and were adapted to commercial feed. Fish were held in fibreglass tanks (600 L usable volume) supplied with a recirculating water system for 14 months. Perch (age 15 months) used in this experiment were adapted to the experimental diet and the environment which were used for this experiment. Two batches of fish were established: fish fed the optimum daily ratio (group F) and feed-deprived fish (group D). Group D fish were not given any food for two days before OC and AE measurements began. The feed was distributed continuously by an automatic band feeder (4305 FIAP, Fish Technics GmbH, Germany) during a 12h period. Both batches comprised 6 size groups (F1-F6 and D1-D6). Details of each size group are given in Table 1.

Table 1. Biometric data for each size group of perch at oxygen consumption and ammonia excretion measurement. Pooled data are presented as mean ± SD. W is body weight, ind is number of individuals.
	Group*
	Mean body weight (g)
	Density

(ind l-1)
	Biomass (kg m-3)
	Feed ratio (% of BW)
	Feed supply
(g h-1 day-1)

	F1 
	48.3 ± 3.8
	0.64
	25.9 ± 0.9
	1.72
	25.3

	F2 
	74.9 ± 4.8
	0.42
	29.8 ± 0.9
	1.53
	22.8

	F3 
	117.4 ± 3.7
	0.25
	28.0 ± 0.6
	1.35
	18.8

	F4 
	157.6 ± 4.9
	0.18
	27.7 ± 0.5
	1.24
	17.3

	F5 
	217.5 ± 5.5
	0.13
	27.6 ± 0.4
	1.14
	15.6

	F6 
	273.4 ± 9.9
	0.11
	28.2 ± 0.5
	1.07
	15.1

	D1 
	62.0 ± 3.9
	0.64
	35.0 ± 0.9
	0
	0

	D2 
	98.6 ± 6.3
	0.42
	36.2 ± 0.9
	0
	0

	D3 
	138.7 ± 7.9
	0.25
	31.8 ± 0.6
	0
	0

	D4 
	187.7 ± 8.2
	0.18
	31.6 ± 0.5
	0
	0

	D5 
	242.1 ± 14.7
	0.13
	30.5 ± 0.4
	0
	0

	D6 
	333.6 ± 16.0
	0.11
	32.2 ± 0.6
	0
	0


*Each group had 3 replicates.

2.2. Experimental facilities and water quality

The rearing system consisted of tanks, a mechanical drum filter (mesh size 40 µm, IN-ECO Brno, Czech Republic) and three trickling filters (volume 5 m-3, SDK, Zdislaw Dawidziak and Leszek Kopański, Poland). Water temperature was maintained at 23.3 ± 0.5 °C with a thermo-regulator (Meteoservis Vodňany, Czech Republic). It was oxygenated by series of oxygen diffusers (WEDGE-LOCKTM, Point Four Systems Inc., Canada) in a holding tank to secure uniform dissolved oxygen content in inflowing water. Incoming water was carefully introduced into experimental tanks through a submerged manifold to minimize additional oxygenation. The water flow was 20.2–23.6 L min-1, providing 2.0 to 2.4 water exchanges per tank per hour. The oxygen concentration did not fall below 8.2 mg O2 L-1 at the inflow or below 4.8 mg O2 L-1 at the outflow. The difference between inflowing and outflowing water was above 2.5 mg L-1. The total ammonia nitrogen (TAN = NH4+-N + NH3 -N) concentration at the inflow and the outflow did not exceed 0.19 and 0.68 mg TAN L-1, respectively. The pH level was maintained at 6.95–7.34 by addition of sodium carbonate. A constant 12L:12D photoperiod was maintained at a light intensity of 100-140 lx
2.3. Experimental procedure and collecting samples

Measures of OC and AE were made for the three replicates in each size group in both feeding regimes (F and D). The temperature and dissolved oxygen concentrations in inflowing water (DOin) and outflowing water (DOout) were monitored with an oxygen/temperature meter (Oxi 315i, WTW GmbH, Germany). TAN was analyzed in inflowing water (TANin) and outflowing water (TANout) by the direct Nessler method (Clesceri, Greenberg & Trussell 1989), using a spectrophotometer (Spectronic Genesys 20, MERCK, Germany). Measurements in a control tank containing no fish were taken for estimation of O2 losses by diffusion. 

Samples of water for assessment of TAN were collected into 100 mL polyethylene bottles. The first samples were collected at 0700 h immediately prior to the first daily feeding, thereafter the samples were collected at 2 h intervals for 24 h. Flow rate was measured in each tank three times in the 24 h and the arithmetic mean was used for calculations. All tanks including inflow and outflow were cleaned 24 h before measurement of the metabolic rate (AE and OC) to remove micro-organisms that could have contributed to these measures. 

The fish were fed throughout the 12 h daylight (0700–1900 h) with commercial feed Ecolife 60 (3 mm, 47% protein, 14% lipids), manufactured by BioMar France. All groups of perch were fed an optimal daily amount according to Fiogbé & Kestemont (2003), using the formula: 

Ropt = 4.89 ∙BW-0.27

where Ropt = optimal daily feeding level (% BW), BW = body weight (g). 

To reduce stress from handling, the fish were anaesthetized with Propiscin (Velíšek, Stejskal, Kouřil & Svobodová 2009) before measurement of length and body weight immediately after the 24 h sample period. A random sample of 33 fish from each tank was measured. In addition, total biomass was directly determined in each tank by weighing all fish in water (to avoid stress).

2.4. Calculations and statistics

Body weight, biomass, temperature, pH, OC, AE and the chemical parameters are presented as means ± standard deviation. All calculations were done with modification of the method Zakęś et al. (2003). Oxygen consumption (mg O2 kg-1 h-1) was calculated using the formula:

OC = ((DOin – DOout) - (DOcin – DOcout)) × Q/B

Where DOin is dissolved oxygen in inflow water, DOout is dissolved oxygen in outflow water, DOcin is dissolved oxygen in inflow water to control tank, DOcout is dissolved oxygen in outflow water from control tank, Q is water flow through tanks (L h-1), B is biomass of fish (kg). 
Ammonia excretion (mg TAN kg-1 h-1) was calculated as follows:

AE = ((TANout – TANin) – (TANcout – TANcin)) × Q/B

Where TANout is total ammonia nitrogen in outflow water, TANin is total ammonia nitrogen in inflow water, TANcout is total ammonia nitrogen in outflow water from control tank, TANcin is total ammonia nitrogen in inflow water to control tank.

Linear regression was used for evaluation of size effect. Data on body weight were logarithmically transformed. Homogeneity of slopes was used for determination of impact of feeding. All analyses were conducted using Statistica 7.0 (StatSoft CR, Prague, Czech Republic). Data on diurnal fluctuation was analysed using Microsoft Excel.

3.
Results 

Data on OC were obtained from fish in the weight range 48.3–333.6 g. Oxygen consumption was significantly influenced by fish size (P = 0.001) and feeding (P = 0.001). Interaction of these factors was significant (P = 0.026). Statistical data on both groups F and D fish are presented in Table 2. Data on OC was inversely related to fish weight (Fig. 1). Average daily oxygen consumption decreased with increasing body weight of the fish, ranging from 288.3 to 180.6 mg O2 kg-1 h-1 in group F fish and from 181.1 to 110.5 mg O2 kg-1 h-1 in group D fish. The logarithmic equations describing the relationship of OC to weight of perch in F and D are presented in Fig. 1 and Table 2.
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Figure 1. Relationship of oxygen consumption to fish weight in fed (A) and feed-deprived (B) perch reared in recirculation system at 23 °C. Squares marks maximum daily OC, rings mean daily OC and diamonds marks minimal daily values of OC.
According to the linear regression mentioned in Table 2, the OC was by 51.1% more in 50 g fish fed optimal daily ratio (F) in comparison to comparable group of deprived perch (D). Similarly, in 300g perch there was this difference 51.4%. Expressed in absolute values (mg O2 kg h), the difference between OC in F group and D group fish was 90.1 mg O2 kg-1 h-1 in 50g fish and 57.9 mg O2 kg-1 h-1 in 300g fish. There was a significant difference in the daily profiles of OC between F group and D group fish (Fig. 2). The peak OC in the F group was reached 6 h after onset of feeding in all size groups. Subsequently, OC stayed at a relatively stable level to the end of feeding at 19h00. During the dark non-feeding period, a gradual decrease of OC in all groups was observed. No peak in OC was observed in D groups and their daily profiles were stable (Fig. 2). 
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Figure 2. Effect of feeding on diurnal fluctuation of oxygen consumption during the light and dark phase in six groups of fed fish (A) and six groups of feed-deprived fish (B). Lines presents pooled data from each size group and each point indicate means (n = 3) of instantaneous values of oxygen consumption. Whiskers are standard deviations.
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Figure 3. Relationship of ammonia excretion to fish weight in fed (A) and feed-deprived (B) perch reared in recirculation system at 23 °C. Squares marks maximum daily AE, rings mean daily AE and diamonds marks minimal daily values of AE.

As with OC, AE was significantly affected by body weight (P = 0.001) and feeding (P = 0.001) in group F (Fig. 3). Ammonia excretion rate decreased with increasing body weight and, in group F, ranged from 5.2 to 13.8 mg TAN kg-1 h-1. Ammonia excretion proved to be more variable than OC in fed and unfed fish and different size groups. Logarithmically expressed, the relationship of AE to body weight is shown in Table 2. Similar to OC, the daily plots of AE in groups F and D (Fig. 4) were different. Ammonia excretion peaked later than OC in group F. Following feeding, the daily AE increased to peaks observed 8–10 h after the onset of feeding (for all size groups), then fell rapidly to a minimum at 23h00 (16 h after first feeding). 
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Figure 4. The effect of feeding on diurnal fluctuation of ammonia excretion during the light and dark phase in six size cohorts of both groups. Lines presents pooled data from each size cohort (1-6) and each point indicate means (n = 3) of instantaneous values of oxygen consumption. Whiskers are standard deviation. 

Table 2. Logarithmic regression of oxygen consumption (OC) and ammonia excretion (AE) on fish weight for both fed (F) and feed deprived (D) groups: a, y-intercept; b, slope; n, number of groups; r, coefficient of correlation; r2, coefficient of determination; F, the F statistic; p, significance. Data on fish body weight was logarithmic transformed.

	
	a
	b
	n
	r
	r2
	F
	p
	St. Error

	Fed fish (F)
	
	
	
	
	
	
	
	

	   OC mean
	470.20
	125.10
	18
	0.94
	0.88
	119.81
	0.001
	12.64

	   OC max
	602.04
	154.74
	18
	0.90
	0.82
	71.18
	0.001
	10.81

	   OC min
	316.59
	75.92
	18
	0.85
	0.72
	41.36
	0.001
	13.06

	  
	
	
	
	
	
	
	
	

	   AE mean
	25.17
	8.04
	18
	0.89
	0.80
	63.56
	0.001
	1.12

	   AE max
	63.46
	18.91
	18
	0.91
	0.82
	72.78
	0.001
	2.45

	   AE min
	2.33
	0.88
	18
	0.89
	0.78
	58.04
	0.001
	0.13

	
	
	
	
	
	
	
	
	

	Feed-deprived fish (D)
	
	
	
	
	
	
	

	   OC mean
	264.71
	57.80
	18
	0.70
	0.49
	15.06
	0.001
	15.45

	   OC max
	370.25
	89.97
	18
	0.92
	0.86
	94.71
	0.001
	9.59

	   OC min
	160.25
	25.96
	18
	0.42
	0.18
	3.43
	0.082
	14.54

	  
	
	
	
	
	
	
	
	

	   AE mean
	1.93
	0.41
	18
	0.30
	0.09
	1.55
	0.230
	0.34

	   AE max
	9.47
	2.83
	18
	0.50
	0.25
	5.32
	0.035
	1.27

	   AE min
	0.26
	0.05
	18
	0.88
	0.77
	55.14
	0.001
	0.13


In contrast to group F, AE in group D was not correlated to body weight and ranged from 0.5 to 1.7 mg TAN kg-1 h-1(Table 2). Extreme values occurred at various times of the day. From this regression, it appears that AE grows by 680% in 50 g fish in group F in comparison to group D fish. For 150 g and 300 g perch increase ranged from 588% and 493%, respectively (Fig. 3). 
4.
Discussion 

In aquaculture recirculating system, it is necessary to add oxygen to maintain water quality. For this reason, it is necessary to estimate daily oxygen consumption relative to fish size and feeding level. In general, larger fish require less oxygen (mg kg-1 h-1), as they have lower food intake and slower metabolism (Jobling, 1993). However, OC shows a huge variability among species (Bergheim, Seymour, Sanni, Tyvold & Filvestad 1991; Zakęś et al. 2003; Glencross & Felsing 2006; Zakęś, Demska-Zakęś, Jarocki & Stawecki 2006). Specific data are important for fish management and farm design, particularly for oxygen-sensitive fish such as perch (Mélard et al 1996). Oxygen consumption and ammonia excretion are typically studied under laboratory conditions (respirometer) where environmental parameters are tightly controlled and responses to changes measured in a single fish. Such studies are useful to determine basic physiological operations (Mitz & Newman 1988; Lee, Farrell, Lotto, MacNutt, Hinch & Healey 2003; Díaz, Re, Gonzáles, Sánches, Leyva & Valenzuela 2007) However, metabolic rates of fish cultured on a commercial scale may differ from those obtained in the laboratory, since some factors (handling stress, social interactions) cannot be controlled or monitored (Bergheim et al 1991; Filvestad, Thomassen, Kjartansson & Sandø 1991; Zakęś & Karpinski 1999). Thus mathematical models obtained from laboratory results may not be directly applied to fishfarm conditions.

In the present study, fish of six size groups were given the same feed at a feeding rate (F) described by Fiogbé & Kestemont (2003), thus the reported values of OC and AE were affected only by fish size. A strong size-related dependence was observed for OC in groups F and D. Similar dependency (with appropriate decreases) was found for OC in group D perch. This confirms studies on other fish species (Degani et al 1989; Zakęś et al 2003; Glencross & Felsing 2006) and supports the importance of fish size as a major influence oxygen consumption. 

Oxygen consumption rates were linearly correlated with body weight in studies on European eel (Degani et al 1989) and mosquitofish (Mitz & Newman 1988). An exponential correlation to body weight was found in barramundi, Lates calcarifer (Glencross & Felsing 2006). Zakęś et al. (2003) found that the OC rates increased linearly with decreasing perch size (body weight from 18.5 to 56.5 g) up to 336.2 mg O2 kg-1 h-1. This author describes the relationship between OC and body weight by the formula: OC = -3.160W + 389.46 (R2 = 0.954). However, this model provides non-valid data when extrapolated to larger body weight. Conversely, in the present study, the logarithmic correlation between fish size (body weight) and OC was found for both group F and D perch ranging in size from 44.8 to 336.2 g. Bigger fish (273 g; fast growing) have lower OC (8%) in comparison to medium sized fish (155g), on the contrary, smaller fish (48g) have higher OC (41%) in comparison to medium sized fish. In addition, data on maximal or minimal daily OC and AE are provided in the present study. Knowledge of these parameters is important to secure dissolved oxygen concentrations to optimise the efficiency of the biological filter. 

The mean daily OC was higher (261.9 to 279.7 mg O2 kg-1.h-1) in this study than those reported by Zakęś et al. (2003) for 45 g fish. Expressed as percentages there is a difference of 6.8%. This discrepancy probably results of the high feeding rate in our study (1.7 to 1.2% of BW), as was shown in a study using Atlantic salmon (Forsberg 1997). Thus, the metabolic activity of fish in our study was higher. Other factors which have been shown to influence mean daily OC in fish include temperature (Zakęś & Karpinski 1999; Zakęś et al 2003; Díaz et al 2007), management of feeding or feeding rate (Zakęś & Demska-Zakęś 2002; Zakęś et al 2006; Forsberg 1997), and anaesthesia (Hoskonen & Pirhonen 2004). Our data implies that 1 kg of food distributed in a perch rearing system represents the oxygen consumption from 173.1g (48g fish) to 205.8g (273g fish) including basal oxygen consumption. The difference between basal OC (in %) in groups D and F fish was similar irrespective of fish body weight. The difference was 90.7 mg O2 kg-1 h-1 (51.1%) for 50 g perch. In comparison, data of Zakęś et al. (2003) presented higher differences up to 94.8 mg O2 kg-1 h-1 (69.4%) for a comparable group of perch. 

Diurnal fluctuation for OC of fish has been previously described (Forsberg 1997; Zakęś & Demska-Zakęś 2002; Zakęś et al 2003). Oxygen consumption generally has been reported to increase rapidly a short time after feeding as a consequence of feeding management (specific dynamic action, feeding frequency, daily feed ratio) and then decreased gradually to the basal level. In the present study, oxygen consumption peaked 6 h after the onset of feeding and remained stable until feeding ended. This slow increase was the effect of continuous feeding. However, cycles in all size categories of group F perch were characterized as unimodal rhythms influenced by fish size. Similar results are reported for salmonids (Filvestad, Thomassen, Smith, Kjartansson & Sandø 1991; Bergheim et al 1991; Forsberg 1997). On the other hand, Zakęś et al. (2003) and Zakęś & Demska-Zakęś (2002) observed a graded increase in OC throughout the feeding period. Zakęś et al. (2003) reported peaks in perch 12 h after the onset of feeding. In a similar study, peak OC occurred 15 h after the onset of feeding at 23 °C (Zakęś & Demska-Zakęś 2002). This difference is probably caused by a longer feeding period (18 h) and photoperiod (24L:0D). It may also be the result of the higher feeding level in our study, since fish were satiated earlier. Oxygen consumption fluctuation affected by feeding regime (continuous vs. periodical) was demonstrated for Atlantic salmon (Forsberg 1997). A similar finding is reported for perch (Zakęś & Demska-Zakęś 2002). Determination of the peak of OC in each intensive culture is important for monitoring O2 level.

No peaks of daily OC were observed in group D perch in this study and OC levels were relatively stable throughout the 24 h period. In contrast to our results, Zakęś et al. (2003) presented a gradual decrease of mean OC in food-deprived fish during a 24 h cycle with obvious fluctuation (up to 50 mg O2 kg-1 h-1) in some size groups. 

When perch culture is carried out in recirculating systems it is important to estimate the total ammonia loading on the biological filter to ensure acceptable levels (0.03 mg l-1 of N-NH3) of total ammonia in inflowing water (Vandecan, Gbamou, & Mélard, 2008). The data collected in this study were analyzed to determine the mean daily AE relative to body size and to examine daily variations in this parameter. A strong size-related dependence in AE was found only in group F fish, which accords with Zakęś et al. (2003). In the present study this relationship was described logarithmically, which is in accord with Jatteau (1997). On the other hand, linear dependence of AE on body weight was described by Zakęś et al. (2003) for smaller perch. The present study provided data for mean AE, maximal AE, and minimal AE for a wide size range of perch.

Ammonia excretion rates in group D fish increased slowly with decreased body weight. This contradicts results of Zakęś et al. (2003) who studied a narrower range of perch sizes. In group F fish, a higher level of mean daily AE was seen in our study for a comparable size group (48.3 g) when compared with data of Zakęś et al. (2003). This difference may be due to the higher feeding level in our experiment (1.2 vs 1.7% of W). Also the lower protein feed used in current study in comparison to Zakęś et al. (2003) may produce lower levels of AE as was documented by Peres & Oliva-Teles (2001). Results from other size cohorts provided data on AE for a wide range of perch. Bigger fish (273 g; fast growing) have slightly lower AE (2%) in comparison to medium sized fish (155g), on the contrary, smaller fish (48g) have markedly higher AE (71%) in comparison to medium sized fish. In the case of group D perch, the mean daily AE did not differ significantly among all weight groups. The values were below 2 mg TAN kg-1 h-1 for all size groups. In a comparable group (57.9 g) similar results were achieved to those in the study of Zakęś et al. (2003). However, no progressive decrease of AE with increased body weight was observed in our study. On the other hand, Zakęś et al. (2003) observed an AE decrease of more than 162% (in feed-deprived fish) in the weight range 20–55 g. Our data implies that 1 kg of food distributed in a perch rearing system represents the ammonia production from 6.72g (48g fish) to 8.72g (273g fish) of TAN including endogen excretion.

Under aquaculture conditions diurnal changes in AE resulted from the portion of feeding which affects AE most (Jatteau, 1997; Zakęś et al 2006) and the feeding strategy (Zakęś & Demska-Zakęś 2002). According to Zakęś et al. (2003), AE in perch increased within 10 hours (at 23 °C) of the beginning of feeding irrespective of size. In the present study, no increase of AE in group F fish was measured 2 h after the onset of feeding, probably as a consequence of specific dynamic action. The daily variations of AE in group F fish were sinusoidal, with minimum basal values recorded between 01h00 and the first feeding (07h00), 6–11 h after the final feeding of the previous day. These basal values were similar to those observed in D groups. The daily peaks were observed slightly later (8 h after the onset of feeding) than reported by Zakęś & Demska-Zakęś (2002) (peak of AE was observed 6 h after onset of feeding). Because the daily feed ration was distributed continuously and the feeding period was shorter, it is reasonable to believe that the period of AE return to baseline would be prolonged in comparison to data of Zakęś et al. (2003). 

In conclusion, our results provide relevant data on OC and AE in a large size range of perch cultured in optimal thermal and feeding conditions. The significant impact of body weight on OC and AE was confirmed. Logarithmic relationships between body weight and both OC and AE was obtained in group F fish. Oxygen consumption and AE was not closely correlated in group D fish.
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General Discussion

Perch has recently become the subject of intensive research into developing methods for intensive culture (Kestemont and Mélard 2000). Similarly, other temperate percids such as pikeperch Sander lucioperca, Yellow perch, Perca flavescens (Mitch.) and walleye, Sander vitreus (Mitch.), have been the subject of recent research. Current thesis presented results from relative wide spectrum of experiments, included artificial reproduction, spermatology, using of anesthetics, possibility for increasing of growth, optimalization of rearing conditions. However, all these topics are related to intensive culture of perch.

Comparison of the effects of four anaesthetics on biochemical blood profiles of perch (Chapter 2)

For evaluation of stress status, the plasma level of glucose was demonstrated in some studies (Barton and Iwama 1991; Wendelaar Bonga 1997). In this connection, our study has shown that 10 min anesthesia with Propiscin not affected the level of glucose suggested lower stressing of fish (by comparison to other one). On the other hand, the concentration of glucose was significantly higher immediately after 10 min anesthesia with MS 222, clove oil and 2-phenoxyethanol compared to the control fish suggested stress related changes. In experimental fish tested 24 h after anesthesia, the values were similar to controls. These results are in accordance with other studies (Holloway et al., 2004; Velíšek et al. 2005a)

Other stress-related indicators included activity of enzymes in blood plasma (Svoboda 2001). Group treated by 2-phenoxyethanol have significant higher activity of creatine kinase (by comparison to other treatment including control group) 24 h post anesthesia. However, no changes was found for rainbow trout, common carp, and European catfish (Velíšek and Svobodová, 2004a,b; Velíšek et al., 2007). Anesthesia with 2-phenoxyethanol have also effect on increasing activity of alkaline phosphatase and level of inorganic phosphate. On the other hand, Velíšek and Svobodová (2004a,b) and Velíšek et al. (2007) found no change these parameters following 2-phenoxyethanol (0.30 ml L-1) anesthesia. The anesthesia with clove oil had effect on decreasing of activity of lactate dehydrogenase 24 h post treatment. However, Velíšek and Svobodová (2004a,b) and Velíšek et al. (2007) found no changes in the activity of lactate dehydrogenase in rainbow trout, common carp, and European catfish. 

Our results suggested that Propiscin is most friendly anesthetics in relation to internal physiologic responses. Whereas, internal organs and tissues were slightly affected by MS 222, clove oil, and 2-phenoxyethanol.

Induced ovulation of perch (Perca fluviatilis L.) by preparations containing GnRHa with and without metoclopramide (Chapter 3)

Currently, a commercial product Dagin, which contains mammalian GnRH analogue with the dopamine inhibitor metoclopramide, is commonly used as a preparation for synchronizing the spawning of many fish species, especially cyprinids (Horvath et al., 1997; Kouril et al., 2008). As well, Supergestran, which contains mammalian GnRH analogue without dopamine inhibitor was tested for many fish including perch (Kouril et al., 1997). In the present study, the potential of different doses these two preparations were tested to stimulate spawning of perch females. Eggs were obtained from 75% of treated females five days after injection of hormonal preparations. The latency interval (h) decreased with increased doses of hormones up to 74.1-74.6 h. This effect was already observed for other species including perch (Dabrowski et al., 1994; Kouril et al., 1999). Higher doses (50 and 100 µg GnRHa kg-1 BW) of Supergestran and intermediate doses (12.5+25 µg GnRHa + mg metoclopramide kg-1 BW) of Dagin provide the best synchronization effect. However, negative effect of higher doses of Dagin, expressed as low hatching rate (15.0±3.0 %), was observed. Results on efficiency of Supergestran are in accordance with Kouril et al. (1997). In addition, this study provided first data about efficiency of GnRH analogue with metoclopramide (Dagin) on perch. In conclusion, induced spawning methods for wild mature perch as described Chapter 3 are successful and provide consistent results. 

Dynamics of ATP and movement in Eurasian perch Perca fluvitilis L. sperm in conditions of decreasing osmolality (Chapter 4)

Osmolality of seminal fluid and motility percentage measured in our study are in good agreement with those previously reported for perch (Lanhsteiner et al., 1995; Alavi et al., 2007) and confirmed hypoosmotic mode of sperm activation in perch (Alavi and Cosson, 2006). The model developed showing that, due to gradual decrease of activating media osmolality, it is possible to prolong the total duration of perch sperm motility from 45 sec up to 135 sec. This increasing of period of sperm motility can positively increase the fertilization rate (Billard et al., 1995; Kime et al., 2001), future consideration of this phenomenon for applied use in perch breeding is required. It can be hypothesized, that this phenomenon of repeated activation of perch sperm movement could be related to differences in the individual sensitivity of spermatozoa to the osmotic shock (Dzuba et al., 2001). Higher osmolality of activating medium lead to activation of the motility of certain spermatozoa population but without affecting the integrity of sperm. Results on percentage of activated spermatozoa indicate that during the first phase of motility activation in activating media of 260 mOsm/kg osmolality, the major part of the spermatozoa population is activated. Our results of measurements of ATP content in perch spermatozoa, during motility activation by both gradual and sharp activating media osmolality decrease, show that the highest content of intracellular ATP was at 10 sec post activation and then ATP content decreases to its final level as was previous shown (Perchec-Poupard et al., 1997; Cherepanov, 2003. This final level was related to osmolality of activating media. We suppose that the quite high ATP level in sperm activated by 260 mOsm/kg and 220 mOsm/kg activating media (Fig.5) could provide the ATP reserves for multiple sperm activation.
Monthly variations in the semen characterization of Perca fluviatilis L. (Chapter 5)
For optimize the efficiency of fertilization success is necessary to understanding the changes in sperm characteristics. These knowledge have implication in out-season spawning (with separate rearing of male) or in cryopreservation of sperm, for example. In perch endocrinological knowledge on mechanism of regulation spermatogenesis are available (Sulistyo et al., 2000). Changes in hormonal profile included very low levels of testosterone (T) and 11-ketotestostrone (11-KT) from April to November followed increasing of T and 11-KT at December and November, respectively. The peak of T is reached one month before 11-KT peak in January. Then, the plasma 11-KT level highly reduces prior to spawning period in April. Mechanism regulating semen hydration lead to increasing of sperm volume was studied (Mylonas et al., 1997; Alavi et al., 2008a,b) and roles of seminal plasma pH, intracellular cAMP levels and DHP were confirmed. In this study, volume of sperm was very low from November to February (T and 11-KT levels are increasing to peak) and then by decreasing of T and 11-KT level in plasma subsequently increased the volume in April. However, in some teleost species an increasing of 11-KT have been observed during the first half of the spermiation period (Jackson et al., 1994; Mylonas et al., 1997). Similar results to this study (increasing of sperm volume) were found Piironen (1985) for salmon. On the other hand, Alavi et al. (2008b) found decreasing of sperm volume.
Decreasing of sperm density during speriating period was observed in this study which is in accordance with some studies on others species (Suquet et al., 1998; Dreanno et al., 1999; Rouxel et al., 2008; Alavi et al., 2008b). On the contrary, inreasing of sperm density was documented for Atlantic salmon (Piironen, 1985) or Atlantic halibut (Babiak et al., 2006). 
Decreasing of osmolality of seminal plasma from beginning of spermation (November) to the end (April) is related to hydration of sperm that showed increase in this study (sperm volume was significantly higher in April). On the other hand, Babiak et al., 2006 presented that halibut sperm showed significant increasing of osmolality through the reproductive season. In common barb the osmolality did not change through the reproductive season (Alavi et al., 2008b). In addition, this decreasing of osmolality can be related to the percentage of motile spermatozoa, which was highly decreased when the osmolality of the seminal plasma was significantly lower in April (the end of spermation period). Our previous results showed that osmolality affects percentage of motile spermatozoa of perch with optimum in 100 mOsmol kg-1. This finding can help us to establish better activation medium for perch spermatozoa at the end of reproductive season.
No changes in sperm velocity (15 sec after activation) were observed during presented period. However, sperm motility (30 sec after activation) rapidly decreased with minimum values in April. Sperm velocity depends on several parameters such as flagellar wave parameters (Alavi et al., 2008b; Vladic et al., 2004), diameter of head of spermatozoa and may be ATP content (Alavi et al., 2009; Vladic et al., 2004).Taken together, decrease of sperm motility (either percentage of motility or velocity) probably results from aging process which including changes of sperm morphological parameters (flagellar length) and ATP contents.
Growth pattern of all-female perch (Perca fluviatilis L.) juveniles – is monosex perch culture beneficial? (Chapter 6)

In the study presented in Chapter 7, monosex perch stock (25g), exhibited a 20 % higher growth rate than bisexual fish (21 g) at 200 days old. Lower growth was found in present study by comparison to study Mélard et al. (2003) and Rougeot and Mélard (2008) as consequence of using combination pond and recirculation rearing system. Nevertheless, our results showed that the tandem of ambient pond and controlled tank culture system described by Kestemont et al. (2008) is also acceptable for the next intensive rearing of monosex perch stock, especially in countries with large number of ponds such as in Czech Republic. Growth curve and rate data of monosex perch from the present study indicate that 340 days (including the 74-days pond and habituating period) would be required for the reaching of the market size (100 g) in MS group compared to 400 days for BS group. Our both groups achieved market size (100g) 60 days later compared to results published by Mélard et al. (2003) and Rougeot and Mélard (2008). Monosex stock started to differ significantly from a bisexual group at the age of 144 days (body weight of 14.5 and 13.1 g for MS and BS, respectively). These results are in accordance to Babiak et al. (2004), who found no effect of phenotypic sex on final weight of juvenile (final body weight of 4.6 and 4.8 g). However, observations on yellow perch, Perca flavescens, suggested that sex-related dimorphism is apparent after the onset of vitellogenesis and spermatogenesis in 5 to 10 g fish (Malison et al., 1988). The production of 100% all-female stocks was successfully achieved in the present study. Similar results are achieved using gynogenesis (Rougeot et al., 2005), or direct estrogen treatment (Malison et al., 1988). A few studies suggested that culture of monosex population has a significant impact on the decrease of weight-frequency heterogeneity in some species (Beardmore et al., 2001). This was not confirmed in present study, on the contrary, the MS population displayed a high degree of weight heterogeneity (CV for weight 39.4 % on contrary to 34.1 % for MS). Results regarding cannibalism found in the present study are in agreement to Mandiki et al. (2004).

Size-related oxygen consumption and ammonia excretion of Eurasian perch (Perca fluviatilis L.) cultured in a recirculating system under optimal thermal and feeding conditions (Chapter 7)

It is generally known, that both oxygen consumption and ammonia excretion are size-related (Jobling, 1993) and specific-related (Zakęś et al. 2003; Glencross and Felsing 2006; Zakęś et al., 2006). Zakęś et al. (2003) found for narrower spectrum of perch that the oxygen consumption rates increased linearly with decreasing of body size. Similarly, in same study is presented that ammonia excretion decreased linearly with increasing of body size. However, these models cannot by extrapolated to larger body weight. Conversely, in the present study, the logarithmic correlation between fish size (body weight) and OC was found for both fed and feed-deprived perch ranging in size from 44.8 to 336.2g. In case of ammonia excretion, the strong size-related dependence was found only for fed fish, which accords with Zakęś et al. (2003) and this relationship was described as logarithmical. On the other hand, Zakęś et al. (2003) described linear dependence of ammonia excretion for smaller groups of perch. The mean daily OC for fed fish was higher than those reported by Zakęś et al. (2003) for 45g fish probably as consequence of higher feeding rate in our study. Similarly, higher level of mean daily ammonia excretion was found for a comparable size group (48.3g) when compared with data of Zakęś et al. (2003) probably as consequence of higher feeding level in our experiment (1.2 vs. 1.7% of W). Ammonia excretion in food-deprived perch did not differ significantly among all weight groups with levels below 2 mg TAN kg-1 h-1 for all size groups. Comparable results are presented by Zakęś et al. (2003) for comparable size group (57.9g). These findings are consistent with findings in other fish species in general (Bergheim et al 1991; Forsberg 1997; Zakęś et al 2003). In addition, mean, maximal and minimal levels of ammonia excretion and oxygen consumption are provided for wide size range of perch in present study. 
It can be concluded, that our results provide relevant data on oxygen consumption and ammonia excretion in a large size range of perch cultured in optimal thermal and feeding conditions. The significant impact of body weight oxygen consumption and ammonia excretion was confirmed. Logarithmic relationships between body weight and both oxygen consumption and ammonia excretion were obtained in fed fish. Oxygen consumption and ammonia excretion was not closely correlated in food-deprived fish.
Major conclusions

· Organs and tissues of perch are not altered by Propiscin anaesthesia by comparison to MS 222, clove oil, and 2-phenoxyethanol anaesthesia. Therefore, Propiscin would be preferable to MS 222, but it should be remembered that the final choice of anaesthetic must take account of legislation, availability, cost-effectiveness, ease of use, and safety for the user and the environment.

· Successful and synchronized ovulation can be inducted by high doses of Supergestran (100 and 50 µg GnRHa.kg-1 BW) and medium dose of Dagin (12.5 µg GnRHa+25mg metoclopramide.kg-1 BW).

· Ability of several sperm subpopulations to activation by solutions of different osmolality was confirmed. Therefore, multiple and successive perch sperm motility activation is possible in stepwise mode. 
· Sperm of perch should be used immediately after activation to fertilize the eggs due to decrease of motility parameters. Semen parameters of perch exhibited markedly changes during spermiating period (from November to the end of April). 
· Culture of an all-female population of perch was confirmed as beneficial with potential in aquaculture practices in system combined pond-rearing and intensive culture.

· The significant impact of body weight on oxygen consumption and ammonia excretion was confirmed in both fed and unfed perch. In addition, relevant data on oxygen consumption and ammonia excretion and their limit values in a large size range of perch cultured in optimal thermal and feeding conditions are provided.
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Chapter 2 - Comparison of the effects of four anaesthetics on biochemical blood profiles of perch

This study investigated the feasibility of using clove oil, 2-phenoxyethanol, or Propiscin as an alternative to tricaine methane sulphonate (MS 222) as a fish anaesthetic, particularly in regard to reducing fish stress. The biochemical blood profiles of perch Perca fluviatilis L. anaesthetized with either MS 222 (100 mg L-1), clove oil (33 mg L-1), 2-phenoxyethanol (0.40 ml L-1) or Propiscin (1.0 ml L-1), and a non-anesthetized control group were compared. Biochemical profiles were determined from blood samples collected prior to treatment in controls. For each anaesthetic tested, fish were divided into two groups, one sampled immediately after 10 min anaesthesia and a second, sampled 24 h after 10 min anaesthesia. The values determined in the present study suggested that internal organs and tissues of perch were slightly altered by MS 222, clove oil, and 2-phenoxyethanol anaesthesia, but not by Propiscin anaesthesia. 

Chapter 3 - Induced ovulation of perch (Perca fluviatilis L.) by preparations containing GnRHa with and without metoclopramide

In our study, different doses of two hormonal preparations containing GnRHa were tested for successful induction of ovulation in perch. In group treated with Dagin (+ metoclopramide) intermediate doses (12.5µg GnRHa+25mg metoclopramide kg-1 BW) provided successful results. In group treated with Supergestran (without metoclopramide) were higher doses (100 and 50 µg GnRHa kg-1 BW) optimal. No spawning was found in control group treated by saline solution. Higher doses of hormones lead to short latency interval. No differences in fecundity were observed.

Chapter 4 - Dynamics of ATP and movement in Eurasian perch Perca fluvitilis L. sperm in conditions of decreasing osmolality

Repetitive activation of perch sperm motility was investigated in this study. The first phase of motility sperm activation was initiated by dilution in a 260mM glucose solution (75% motility). The second phase of motility was achieved by adding water to firstly activated sperm, so that glucose concentration dropped down to 220mM (24% motility) and, finally, the third phase was obtained by adding water (down to 90 mM glucose) to secondly activated sperm (15% motility). Parallely, ATP content in spermatozoa was measured; the median value in nonactivated sperm was 43.9 nmol ATP/109 spermatozoa. ATP level decreased significantly from 35 to 7 nmol ATP/109spermatozoa after successive activations of motility in the above glucose solutions. Spermatozoa velocity ranged values from 25 to 330 µm/sec at 10 sec post activation, from 10 to 290 µm/sec at 30 sec and from 0 to 200 µm/sec at 45 sec. A model postulating several classes in the population of spermatozoa is developed, tentitatively accounting for such successive activation. Possible further application of multiple sperm activation is discussed.

Chapter 5 - Monthly variations in the semen characterization of Perca fluviatilis L.
Data on basic sperm characteristic and their changes during pre-spawning and spawning period are provided in study conducted on randomly selected males. Twelve marked spermiating males were sampled 4 times (29th November 2005, 10th January 2006, 21st February 2006 and 7th April 2006). No changes in sperm volume were found in period from November to February, but significantly increased in April. Higher sperm density was measured in period from November to January by comparison to those measured in February and April. Lowest motility of spermatozoa (15 sec post activation) was observed in November. The sperm samples collected in April showed the highest rapid decrease in terms of the percentage of motile spermatozoa (the motility of spermatozoa were 94.64 and 24.3 % at 15 and 30 sec post sperm activation). Overall motility of sprmatozoa did not drop over 65 % (30 sec post sperm activation) in period from November to February. Sperm velocity did not show significant differences at 15 sec post sperm activation. The lowest sperm velocity was observed in April at 30 sec post sperm activation. 
Chapter 6 - Growth pattern of all-female perch (Perca fluviatilis L.) juveniles – is monosex perch culture beneficial?

The objective of this study was to evaluate the profitability of culture in monosex all-female stock (MS) compared to production characteristics of bisexual stock (BS) in Eurasian perch (Perca fluviatilis L.) under intensive conditions. Monosex all-female stock was produced by mating of masculinizated females (neomales) with common females of a local strain, whereas bisexual stock was obtained by local strain perch broodstock. Duration of the experiment was 126 days, preceded by pond-nursing (60 days) and habituating (14 days) periods. Perch were held in 50 L aquaria connected to a recirculation system, with each group tested in triplicate. No significant differences (P = 0.07) in total survival were observed after 126 days of rearing between all-female and bisexual stock, but MS gained 20 % more (P = 0.04) in total body weight, the final weight being (25.2 ± 9.7 g; mean ± S.D.) than BS fish (21.0 ± 7.5 g). Therefore, it is suggested that the culture of monosex female perch might provide a significant economic benefit. Overall feed conversion ratio for tanks with BS (1.43 ± 0.21) was significantly (P = 0.02) higher than in tanks with MS (1.30 ± 0.11) perch.

Chapter 7 - Size-related oxygen consumption and ammonia excretion of Eurasian perch (Perca fluviatilis L.) cultured in a recirculating system under optimal thermal and feeding conditions

Oxygen consumption (OC) and ammonia excretion rates (AE) of perch were measured in semi-commercial conditions (temperature 23.3 °C) in both fed (F) and feed-deprived groups (D). Measurements of both groups with different mean body weight (range 44.8–336.2 g) were taken in six sized cohorts of perch in triplicate. Mean daily OC was 288.3–180.6 mg O2 kg-1 h-1 for group F fish ranging in size from 44.8 to 279.4 g. Mean daily AE expressed as total ammonia nitrogen (TAN) was 13.8–5.2 mg TAN kg-1 h-1 in this group. Daily peaks of OC in group F perch were observed 6 h after the onset of feeding for each size group with relatively stable values up to the end of feeding. Peaks of daily AE in group F perch were observed 10 h after the onset of feeding in each size group with a rapid decrease up to 16 h after onset. In group D, OC was 181.1–110.5 mg O2 kg-1 h-1 in the weight range 57.9–336.2 g. Daily mean AE was 1.7–0.5 mg TAN kg-1 h-1 in this group. No dramatic peaks of OC and AE in group D perch were observed.

Czech Summary
Souhrn

Intenzivní chov a výživa plůdku okouna říčního

(Perca fluviatilis L.)

Vlastimil Stejskal 

Kapitola 2 – Porovnání vlivu čtyř anestetik na biochemické ukazatele krevní plazmy okouna říčního 

Možnost nahrazení komerčního anestetika MS 222 alternativními anestetiky hřebíčkovým oleje, 2-phenoxyethanolem a Propiscinem byla testována s ohledem na možnost snížení stresu ryb. Biochemické ukazatele plazmy kontrolní (neanestetizované) skupiny byly porovnány se skupinami ryb ošetřenými MS 222 (100 mg l-1), hřebíčkovým olejem (33 mg l-1), 2-phenoxyethanolem (0.40 ml l-1) a Propiscinem (1.0 ml l-1). Základní biochemický profil byl stanoven ze vzorků plasmy kontrolní skupiny. V rámci každého testovaného anestetika byly ryby rozděleny do dvou skupin. První skupiny byly vzorkovány po10 minutách anestézie v lázni příslušného přípravku. Vzorky druhé skupiny byly odebrány 24 hodin po 10 minutové anestézii. Hodnoty získané během této práce naznačují, že vnitřní orgány jsou mírně ovlivňeny při použití MS 222, hřebíčkového oleje a 2-phenoxyethanolu. Žádné změny nebyly zaznamenány při použití Propiscinu.

Kapitola 3 - Indukce ovulace u okouna říčního (Perca fluviatilis L.) pomocí přípravků obsahujících GnRHa s metoclopramidem a bez metoclopramidu

Bylo testován účinek 5 různých dávek dvou hormonálních přípravků obsahujících GnRHa. Ve skupině ošetřené přípravkem Dagin obsahujícím metaclopramid jako dopaminergní inhibitor bylo optimálních výsledků dosaženo při použití středních dávek (12.5µg GnRHa+25mg metoclopramidu kg-1 BW). Ve druhé skupině injikované přípravkem Supergestran bez metaclopramidu byly vyšší dávky (100 and 50 µg GnRHa kg-1 BW) optimální. V kontrolní skupině injikované fyziologickým roztokem nedošlo k výtěru. Vyšší dávky hormonu měli vliv na zkrácení intervalu latence. Rozdíly mezi jednotlivými skupinami v pracovní plodnosti nebyly pozorovány. 

Kapitola 4 – Dynamika ATP a pohyblivost spermií okouna říčního Perca fluvitilis L. v podmínkách snižující se osmolality

Byla testována možnost opakované aktivace pohyblivosti spermií. První fáze pohyblivosti spermií byla iniciována pomocí 260mM roztoku glukózy (75% motilita). Druhá fáze motility byla dosažena přidáním vody do předem aktivovaného spermatu, tak aby koncentrace glukózy poklesla na 220mM (25% motility) a třetí fáze bylo dosaženo přidáním vody (pokles koncentrace glukózy na 90mM) do druhotně aktivovaného spermatu (15% motility). Souběžně bylo měřeno množství ATP ve spermiích. Střední hodnota (medián) v neaktivovaném spermatu byla 43.9 nmol ATP/109 spermií. Množství ATP se snížilo signifikantně z 35 na 7 nmol ATP/109 spermií během postupných aktivací pomocí glukózy a vody jak bylo popsáno výše. Rychlost pohybu spermií se pohybovala 10 sec po aktivaci od 25 do 330 μm/sec, 30 sec po aktivaci od 10 do 290 μm/sec a 45 sec po aktivaci od 0 do 200 μm/sec. Tento model předpokládá, že se v celé populaci vyvíjí několik tříd spermií schopných postupné (opakované) aktivace. Možnosti využití opakované aktivace spermatu jsou diskutovány.

Kapitola 5 – Změny v charakteristikách spermatu okouna říčního Perca fluviatilis L.
Byly studovány změny v základních charateristikách (objem spermatu, hustota a motilita, osmolality semené plasmy) spermatu okouna říčního. Dvanáct mlíčáků (produkujících sperma) bylo náhodně vybráno a elektronicky označeno. Sperma bylo odebráno ve 4 termínech (29 prosinec 2005, 10 leden 2006, 21 únor 2006 a 7 duben 2006). Objemu spermatu se nelišil od prosince do února, ale zvýšil se v dubnu. Hustota spermatu byla vyšší v prosinci a lednu než v únoru a dubnu. Nejvyšší a nejnižší osmolalita semené plasmy byla měřena v lednu a dubnu a osmolalita kesala v únoru a dubnu. Nejnižší podíl motilních spermií (15 sec po aktivaci) byl pozorován v prosinci. Sperma odebrané v dubnu vykázalo výraznější pokles (v intervalu od 15 do 30 sec po aktivaci) podílu motilních spermií (od 94.64 do24.30%). Sperma odebrané od prosince do února vykázalo podíl motilních spermií nad 65% (30 sec po aktivaci). V dubnu nebyly pozorovány pohyblivivé spermie 60 sec po aktivaci ve vzorcích spematu. Rychlost pohybu spermií se nelišila 15 sec po aktivaci. Nejnižší rychlost pohybu byla pozorována v dubnu (30 sec po aktivaci).
Kapitola 6 – Růstové schéma celosamičí obsádky juvenilních okounů říčních (Perca fluviatilis L.) – je chov monosexních obsádek výhodnější?

Byly vyhodnoceny růstové a produkční charakteristiky intensivního chovu monosexní obsádky okouna v porovnání s normální (bisexuální) obsádkou. Monosexní obsádka (MS) byla založena reprodukcí maskulinizovaných jikernaček (neomales) produkujících sperma (XX) a normálních jikernaček. Kontrolní (bisexuální) skupina byla založena běžným způsobem (výtěr XY mlíčáků a XX jikernaček). Srovnávacímu růstovému testu intenzivních podmínkách (126 dní) předcházel odchov larev a plůdku v rybnících (60 dní) a adaptace na intenzivní podmínky chovu (14 dní). Obě testované skupiny (každá ve 3 opakováních) byly během srovnávacího testu drženy v 50 l napojených na recirkulační systém. V celkovém přežití obou skupin nebyly pozorovány významné rozdíly. Ryby v monosexní obsádce dosáhly o 20% vyšší hmotnosti těla (25.2±9.7g; průměr±S.D.) v porovnání s bisexuální obsádkou (21.0±7.5g). Koeficient konverze živin byl signifikantně nižší v monosexní obsádce (1.30±0.11) než v bisexuální (1.43±0.21).

Kapitola 7 – Vliv hmotnosti na spotřebu kyslíku a produkci amoniaku u okouna říčního (Perca fluviatilis L.) chovaného v optimálních teplotních a potravních podmínkách recirkulačního systému

Spotřeba kyslíku (OC) a produkce amoniaku (AE) byla měřena v poloprovozních podmínkách (teplota 23 °C) u krmených (1) a nekrmených okounů (2). Obě skupiny (hmotnostní rozsah 44.8–336.2 g) byly rozděleny na 6 podskupin (každá ve 3 opakováních). Průměrná denní OC u krmených ryb v hmotnosti od 44.8 do 279.4 g byla 288.3–180.6 mg O2 kg-1 h-1. Průměrná denní AE (vyjádřená jako celkový amoniakální dusík) ve stejné skupině byla 13.8–5.2 mg TAN kg-1 h-1. Denní píky OC byly pozorovány 6 hodin po začátku krmení, s následnými stabilními hodnotami OC až do konce krmného dne. Denní píky AE byly pozorovány 10 hodin po začátku krmení, s následným rapidním poklesem hodnot AE až do 16 hodin po začátku krmení. Průměrná denní OC ve skupině nekrmených ryb (hmotnost 57.9–336.2 g) byla 181.1–110.5 mg O2 kg-1 h-1. Průměrná denní AE v této skupině byla 1.7–0.5 mg TAN kg-1 h-1. Výrazné píky v OC a AE nebyly pozorovány u nekrmených ryb.
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Figure 1. Testes of masculinizated female (A, B) and normal male (C, D)
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